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ABSTRACT

Biomass gasification process is considered a promising waste-to-energy conversion technique
to eliminate the immense environmental issues accompanied with open field burning. The
objective of thisstudy isto experimentally study the dynamic behavior of an Imbert based design
manufactured bench scale gasifier using cotton stalks as a feed stock. Air was employed as a
gasifying agent with a biomass batch feed of 4 kg. The gasification process characteristics are
evaluated in terms of lower heating value, gasification efficiency, and operation time. The applied
air flow rates are (60, 100, 150, and 200 I/m) achieving varied equivalence ratios between 0.362
—0.232. An optimum average lower heating value and cold gas efficiency of 4.34 MI¥m?3and 61.7
% respectively are attained at equivalence ratio, ER of 0.304.



1. Introduction

The expanding gap between demand and
consumption of energy particularly in
developing countries has exacerbated the
energy crisis. Furthermore, the accompanied
limitationsrelated to the fossi| fuels such asthe
expected extinction, and pollution, force to
explore aternative renewable energy sources.
The dternative sources, biomass gets
increasing attention, thanks to its carbon
neutral feature [1]. Moreover, it is the only
renewable energy source which contains
carbon to be converted into convenient solid,
liquid and gaseous fuels, and further into hezt,

electricity and transport fuels[2].

Energy from biomass can be obtained via
two major routes, biochemical conversion

(fermentation) and thermochemical

(pyrolysis,
combustion) [1]. Among them, gasification is

conversion gasification,
an interesting technique to convert biomass
into combustible gas mixture called synthesis
gas (syngas). The utilization of biomass
gasification is sorely wide spreading since, itis
reliable and efficient technique that can use
biomass with minimum pretreatments and in
the same place where it is generated.
Generally, gasification involves the reaction of
the solid fuel with co-reactant at temperatures
range of 550-1000 ‘C. Co-reactants are
introduced in sub-stoichiometric amounts in
order to partially oxidize the fud instead of
complete oxidation to CO2 and H20 [3]. The

resulting gasis a mixture of carbon monoxide,
hydrogen, methane, and carbon dioxide along
with small amounts of light hydrocarbons.
Diverse co-reactants can be used such as air.,

oxygen, steam, and COz [3].

Different gasifiers are employed for this
process, mainly including fixed bed, fluidized
bed, and entrained flow [4]. The man
difference between these reactors is
distinguished by how the biomass and the
oxidizer are moving inside the reactor.
Compared with the fluidized bed and entrained
flow gasifiers, fixed bed gasifier is more
suitable for small scale applications [5]. The
fixed bed includes downdraft, updraft and
cross-draft gasifiers. The downdraft fixed bed
gasifier hasthe advantage of low tar generation
by cracking, as the gas passes through high
temperature zone[6]. Therefore, the downdraft
fixed bed gasifier is chosen in this study.

Four sub-processes, namely drying,
pyrolysis, oxidation (combustion), and
reduction (char gasification) overlap a a

particular time along the gasifier[7].

Many researches have been conducted on
downdraft gasifiers for diverse types of
biomass to evauate the gasifier performance
and biomass capability of gasification. Jain [8]
designed and tested an open core throat-less
(stretified) gasifiers with internal diameters
varying from 15.2 to 34.3 cm. The optimum
values of equivaence ratio (ER), gasification
efficiency, and lower heating value (LHV)



were reported to be 0.40, 65%, and 4.5 MJm3
respectively.

Guo et a. [6] used areactor with aninterna
diameter of 0.42 mto gasify the corn stalk with
continuous feeding option. They concluded
that, the optimum equivalence ratio was 0.25-
0.27 giving LHV of 5.4 MJm?® at feeding rate
of 7.5 Kg/h with gasification efficiency of 65
%.

Singh and Sekhar [9] studied
experimentally and theoretically the variation
in performance parameters when gasifying
blends of coconut shell and rubber seed shell.
The equivalence ratio range was (0.2 — 0.34)
where the maximum concentration of
combustible gases occurred a 0.2 and
decreased at 0.3. Coconut shells conducted
combustible species and conversion efficiency
more than rubber seed shells.

Ga and Dong [5] studied the corn straw
gasification in a stratified gasifier with two
stages of air supply. The optimum ER was 0.32
giving LHV of 5.39 MJm®. Yoon et a. [10]
used a larger scale reactor to perform the
gasification of rice husk and rice husk pellets
and reported that, an optimum ER of 0.58 for
rice husk and 0.29 for pellets with HHV of 4.5
and 5.5 MJIm? respectively.

A co-gasification of lignite and waste
wood has been investigated by Patel et al. [11]
that showed a maximum LHV of 4.44 MJm?3
at 30 % wood to lignite ratio. Chen et al. [12]

operated an electrically heated small gasifier at
800 °C using Biogas-derived digestate as a
feed stock and obtained a LHV of 4.78 MJm?3
at ER of 0.25.

Tanczuk et a. [13] determined the
influence of adding dried chicken manure to
the wood pellets at constant ER of 0.21, they
found that when blending wood pellets with
raw chicken manurethe LHV increased from 2
MJmd to 4 MIm3 at 75% mixture. In order to
iImprove the gasification process, athroat could
be incorporated as referred by [14-18]

A preiminary experiment for the
determination of therange of gasifying air flow
rate in batch operation [16, 17] concluded that,
when gasifying 9 kg and 8 kg of Oil pam
fronds, the flare was observed after exceeding
200 I/m of air, then weakens after 400 I/m
while the gasification time was about 34 min.
Besides, preheating air upstream the gasifier
enhanced the HHV from 4.66 to 5.31 MJ/m?®,

Gaindo et al. [19] operated a stratified
gasifier using Encalyptuswood with 12 kg/h as
afeed stock at air flow rates of 300, 333.3 and
366.67 I/m which correspond with ER of
0.303, 0.279 and 289 respectively. They
concluded a maximum LHV of 512 MJm?
when operating at 0.289 equivalence ratio.

Sheth and Babu [15] studied the gasification of
waste wood in batch operation of 3 kg with air
flow rate varied from 30.83 t0 56.67 |/m which
led to 1 and 3.63 kg/h fuel consumption rate



respectively, achieving ER of 0.35 and 0.179

at different moisture content.

Machin et al. [20] created a swirl flow at
the combustion zone while gasifying three
different types of biomass (Olive, Peach, Pine).
An optimum HHV of 3.97 MJm? for Peach at
7.6 kg batch feed with 88.3 I/m air for 2.5

hours.

Sharmaand sheth [21] studied the dynamic
behavior of the gasifier using wood at air flow
rate varying from 25.7 I/m to 41.13 |/m and
reported that, as the air flow rate increases the
biomass consumption rate linearly increase.
Using air-steam gasification exhibited a
calorific value of (3.64 — 4.01) MJm®,

Nisamaneenate et al. [22] identified the
optimal  operating conditions for the
gasification of peanut shell waste using
thermal integration unit coupled to modular
downdraft gasifier. The LHV was observed to
increase from 3.66 to 3.79 MJm? and cold gas
efficiency from 40.17t041.62 % at ER of 0.12.
When operating with heat recovery a ER
nearly 0.21, the carbon conversion efficiency
increased by 5.75 % and a maximum LHV of

3.92 MJm?3 was obtained.

Few  researchers investigated the
gasification of cotton stalk, Karatas et al. [23]
investigated the gasification of cotton stalk in
fluidized bed reactor, they obtaned a
maximum LHV of 3.24 MJm? at ER equals

0.36. Whereas, Wang et al. [24] studied the

cotton stalk pellets in a throated downdraft
gasifier with separated pyrolyzer and reported
aLHV of 4.22 a ER of 0.21.

Hamad et al. [25] used an electric heater to
externally heat the reactor for the gasification
of cotton stalks, rice straw, and corn stalkswith
different catalysts and concluded that, cotton
stalks is more suitable for gasification process.

Besides, an optimum ER of 0.25 was attained.

Most of the researches have included only
steady state operation [10,13,21-25]. Limited
researches have been done on the dynamic
behavior of the gasification process. The aim
of thiswork is concerned with investigating the
gasification with Egyptian cotton stalk waste
using throated downdraft fixed bed gasifier.
Hence, the dynamic behavior of cotton stalks
gasification with the influence of operating
parameters; air flow rate, equivalence ratio,
and gasification temperature  were
investigated. The study was conducted by
measuring temperature profiles, producer gas
composition at the transient conditions inside
the gasifier. In addition, the process evaluation
parameters such as, produced gas caorific

value and gasification efficiency are estimated.

2. Experimental Setup

2.1 Fuel material specifications

Themain source of biomasswastein Egypt
Is the agricultural wastes (crop residues),
followed by municipal solid wastes, animal

wastes, and sewage wastes [26]. Therefore,



Cotton stalks as agriculture waste materia is
chosen for this study. The proximate and
ultimate anal yses of cotton stalks are presented
inTablel

Table 1: Proximate and ultimate anal yses of

cotton stalks [25]
Proximate Anaysis, Mass Fraction %
VM FC Ash
81.24 14.48 4.28
Ultimate Analysis, Mass Fraction %
C H N S O

44.8 5.8 1.09 0.57 43.8
Higher Heating Vaue (MJkg)
155

The feed stock is shredded after open field
drying to aparticle size (aslength) ranged from
1to4 cmand from 2 to 5 mm (as diameter) as

showninFig. 1

Fig. 1. Size and shape of cotton stalks

Due to the importance of moisture content
in the gasification process, it was determined
based on wet basis by the oven drying method
(ASTM D4442-07) [27]. The biomass is
heated at 105 °C for 24 hoursin avented forced
convection oven (Binder FD 23) and then

weighed. The moisture content (MC)
expressed in percentage was caculated
according to equation (1) [27].

m —m
wet dry % 100 (1)

wet

MC% =

Where mary represents the mass of the fuel
after heating and muwe IS the mass of fuel prior
heating. The determined moisture content of
cotton stalks was about 14 %. The feed stock
was then provided to the gasification system.

Lower heating values (LHV) for biomass
was cal culated using the empirical formulathat
reported by Sarkar [28].

LHV = HHV — 2.44 x (9H) ©)

Where H is the hydrogen content of biomass
determined through the ultimate analysis.

2.2 Thegasfier unit

The experimental tests are performed on a
self-made downdraft gasifier. The gasification
unit comprises four main parts: the reactor, the
gasifier casing, the ash disposal system, and
the air supply setup. A throat-type is used as
the core of the gasifier reactor with the
configuration and dimensions shown in Fig. 2.
The core is made of a 3-mm thick steel sheet
with an overal height of 0.67 m. The upper
diameter of 0.32 m is tapered to 0.22 m
diameter at depth of 0.46 m from the top.

This tapered section is followed by a
constant diameter section of 0.22 m in
diameter and 0.08 m in height. Near its lower



end, five air nozzles are regularly distributed

and mounted around the same circumferential

level. The reactor core is ending by a

convergent-divergent section with a throat of

013 m

where both the combustion and

reduction gasification zones are situated. This
constricted area provides a uniform
combustion across the whole area and to force
al of the pyrolysis gases to pass through this

narrow passage [20].
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The throat is followed by the divergent part
where the reduction process is commenced.
The divergent part is important to lessen the
gas flow velocity in order to enhance the rate
of boudouard reaction and water-gas shift
reaction, in order to increase the concentration
of CO and H2 in the producer gas and also
decrease the gas temperature [20]. Under the
divergent part, the ash grate is directly
positioned to hold the hot charcoal for
reduction reactions

The ash grate is made of perforated steel
sheet with openings of 5 mm in diameter. The
grate is formed on the shape of trapezoidal
basket with upper and bottom diameters of
0.28 m and 0.20 m respectively, and a height
of 0.11 m. Also, a small cone of 0.04 m in
height is fixed on the floor of the basket. This
small cone is used to enhance the conversion
reduction reactions by keeping a thin layer of
the hot charcoa in the path of the reactant
gases stream. Besides, the cone is helpful in
expelling the ashes out of the basket when the
grate shaker system isworking.

The core of the gasifier reactor is placed in
acoaxial steel cylinder of 4 mm thicknesswith
aheight of 1.17 m and diameter of 0.36 m. the
reactor cylinder is divided into two parts
assembled together in the purpose of
maintenance and connecting the biomass
feeding system to the upper part. The lower
part of the cylinder works as a shield around

thereactor core. Theair supply connection, the

ignition port, the produced gas outlet port, and
the ash removal port are instaled at the
cylinder side wall. The hot produced gas from
the reactor is passing through the annular
passage between the cylinder and the reactor
core. The flowing hot produced gas is
beneficial for the drying and pyrolysis zones
moreover, to preheat the gasifying agent air.

The Feedstock is fed to the gasifier reactor
by 4 kg batch through a controlled screw
conveyor. The gasifying agent, (air) was
circulated through a copper coil in five
separate paths that are firmly wounded around
the outer wall of the reactor core as shown in
Fig. 2. These paths are ending with five

nozzles of 5 mm exit diameter.
2.3 Cleaning devices

Cleaning the produced gas is often
essential for downstream end-use applications.
Different clean-up methodologies such as
cyclone, and charcoal filter are comprised.
Cycloneisconnected directly to the reactor gas
exit. The solid particles and some ashes are
separated and collected in a collector at the
lower end of the cyclone. Design and
dimensions of the cyclone are based on
Stairmand design [29] with main diameter (D)

of 10 cm.

For further purification of the produced
gas, a charcoal filter mixed with silica gdl in
between as a desiccator is added downstream

the cyclone. The tar flowing out with the



produced gas stick at the outer surface of the

char blocks.

Fig. 3. Charcoal filter with silica gel

24 Instruments and measuring

techniques

The temperatures are measured using eight
K-type thermocouples positioned on the core
wall with distances as illustrated in Fig. 2.
Also, a the gas exit port an additional
thermocouple is mounted to indicate the gas
exit temperature. The thermocouples data are
acquired using a multichannel multiplexer
(KTA-295K) controlled by an Arduino board.

The air flow rate is monitored by two
different flow meters connected in parald,
(Omega, FMA-A2323) is the primary flow
meter providing a reading range of 0-100
SL/M and an accuracy of +1%, besides (SMC
brand, model:PFA511-FO3N-Q) with the same

range of flow and accuracy.

In order to characterize the produced gas,

measurements of the gas compositions are

carried out using gas chromatography (GC) of
Perkin-Elmer, model (Clarus 580) with TCD
detector. This GC is capable of detecting CO,
CO2, CHs4, H2, N2, Oy, CoHs, and CoHs

molecules with an accuracy of 0.01%.

A dipstream of product gasis pulled by 60
ml syringes from the bulk gas stream coming
out of the charcoal filter after further sample

purification by cotton.
3. Test calculations

Equivalence ratio, ER, is considered a
key parameter that affects the gasification
process. It relates the mass flow rate of both
reactant materials including air and biomass

fuel, in actual and stoichiometric conditions.

[ air flow rate ]
ER = biomass consumption rate actual
[ air flow rate ]

biomass consumption rate

stoichiometric

where, the stoichiometric air to fuel ratio
can be calculated as reported in [6] by Guo et
al.

I air flow rate(Kg/h) l

biomass consumption rate(Kg/h) toichi tri
stoichiometric

1.293 Cdat Hyar Sdaf
=—|1. . 7
0.21 ( 866 100 +555 100 +0 100 (3)
—07 0daf>
100

Thelower heating value (LHV) of produced gas
in MJm® can be estimated from the gas
composition using the following empirical

formula (4) [30] asfollows.



LHV = [(10.79 x H,) + (12.636 X CO) ()
+(35.82 x CH,)]

Where Hz, CO, and CHs are the gases
concentrations (% V/V), in the syngas.

Cold gas efficiency (CGE) of the gasification
process is defined as the ratio of the energy in
the product gas to the energy of biomass input
(biomass energy). The CGE% applied in this
work is based on the lower heating vaue
(LHV) of both the product gas and biomass.
Then it can be calculated asin [31].

[LHV ] gas X Yy

CGE % = ————F77——
[LHV] biomass

%X 100% (4)
Where [LHV] viomass IS the lower heating value
of biomass, MJkg and Vg is the volume of
produced gas per unit weight of biomass
(m¥kg). It can be calculated from the
concentration of nitrogen in the product gas
and the total amount of nitrogen entering the
reactor along with air in the gasification
process asin [32] by,

_ (Qair X 79)
97 Ny X my) ©)

Where Qi is the flow rate of air (m%/h), Nz is
the concentration of nitrogen in the syngas (%
V/V), and mpis biomass flowrate (kg/h).

4. Test procedure

Prior each experiment, 4 kg of cotton stalk
(for aspecified particle sizerange and moisture
content) is poured inside the feeding hopper

and fed by the screw feeder. Now, a vacuum
pump is used for the startup ignition with the
aid of a fire torch. Once, some feed material
became red hot, the ignition port is sealed and
the adjusted air flow rate for the case study is
supplied. The gas sampling starts when the
flare starts and repeated randomly during the

experiment until the flare disappear.
5. Resultsand discussion

5.1 Variation of temperature and gas

composition with time.

The temperatures distribution inside the
gasifier, the produced gas composition and its
corresponding heating value are observed to
vary with time. This variation is investigated
for experimental runs at different air flow rates
(60, 100, 150, and 200 I/m) that reported in
Figs. 4-7 respectively. As temperatures and
gas composition of produced gas are varying
continuously. The dynamic behavior of
temperatures and produced gas composition
may provide real time interpretation of the
results and hence the variation of temperatures
and gas composition are presented in this
study. Figures. 4-7 (@) describe the
temperatures distribution while, Figs. 4-7 (b)
show the gas composition with time.

5.1.1 Temperaturedistribution

Temperaturein the gasifier increases along
the length from T1 to T6 establishing zones of
drying, pyrolysis, and combustion respectively
then decreases at T7 and T8 representing the



reduction zone. Generally, the drying zone
temperature (T1, T2) isfoundto beintherange
of 110 °C and around 400 °C is observed for
the pyrolysis zone (T3, T4). In case of batch
operation, the biomass flow downward by
gravity inside the reactor so, by end of the run
T1-T4 increase due to biomass diminishing.
Due to the bridging problem as reported by
[33], an increase in T3 and T4 then decrease
due to biomass collapse after bridging is
noticed a some time during operation.
Besides, combustion temperatures (T5 and T6)
are also affected by bridging in form of T5
increase as presented infigs. 4-7 (a). While, the
reduction zone temperatures (T7 and T8)
showed more stability during operation with

time.

Figs 4-7 (a) show that T6 represent the
maximum temperature in the reactor and its
maximum valueis attained at 100 I/m air flow
rate. When operating the gasifier at high air
flow rate of 200 I/m, it is noticed that T4 and
T5 jump over and exceed T6 representing
expanded combustion zone up.

Meanwhile, the  reduction  zone
temperatures (T7 and T8) are observed in
relatively low range in the case of air flow rate
of 60 1/m and 200 I/m than that obtained at 100
and 150 I/m as shown in figs. 4-7 (a). The
average reduction zone temperatures (T7 and
T8) arein the range of (635 — 455°C and 650 -
560 °C) at the air flow rates of 60 |/m and 200

I/m respectively, while, they were in the range

10

of (720-590 °C and 720 - 570 °C) at air flow
rates of 100 and 150 I/m respectively.

The temperatures fluctuation are observed
and those may be attributed to number of
reasons. One of the prominent reasonsis dueto
the local variation of thermocouple contact

with solid or gas at a particular position [21].

As, the air flow rate increases, the biomass
consumption rate increases thus, the operation
time of the gasification process is lessened. It
was about 105 minutes at air flow rate of 60
|/m then reduced to about 20 min at 200 I/m air

flow rate.
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5.1.2 Composition of produced gas

The produced gas composition varies with
time depending on the instantaneous operating
condition inside the reactor. Gas samples are
taken randomly during operation with 60 ml
syringes. The first sample of gas is taken with
the preliminary appearance of flare. Figs 4-7
(b) show the dynamic variation of the
combustible gas components including Ho,
CHg4 and CO and the corresponding LHV with
time. It is obvious that in batch operation, the
gas components concentrations are highly
affected by the temperature and the bridging
problem inside the reactor. Particularly in
small scale gasifiers, the moisture content,
amount of biomass, and volatile matter in feed
stock are diminishing with time. Thus, The CO



concentration is noticed to increase and H>
decreasein thelast period of operationtime. H»
concentration showed arelatively lower values
at air flow rates of 60 and 200 |/m compared to
itsvalues at air flow rates of 100 and 150 I/m.
Moreover, a 150 I/m air flow rate, CH4
indicated a considerable stable higher volumes
along the run than that obtained at 60, 100 and
200 I/m.

5.1.3 Produced gas heating value

The LHV of the produced gas obtained at
the different studied air flow rates exhibited
fairly fluctuated values at the steady operation
time as presented in figs 4-7 (b). A maximum
lower heating value of 5 MJm?® is attained
once at 100 I/m air flow rate, while it was
achieved three times at the air flow rate of 150

I/masillustrated in fig 5 and fig 6 respectively.
5.2 Effect of air flow rate.

The effect of air flow rate on biomass
consumption rate is shown in Figs. 4-7. It is
found that with the increase of air flow rate,
biomass consumption rate increases. The
increase in the air flow rate provides more
oxygen to oxidize and higher amount of
biomass would get combusted. The energy
released will increase the rate of drying and
pyrolysis. rate

increases not only due to a higher combustion

Biomass  consumption

rate, but also dueto the enhanced pyrolysisand

drying rate.
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The average obtained values of LHV as
well
demonstrated in Fig. 8 at different air flow

as the cold gas efficiency are

rates and their corresponding ERs. LHV and
CGE of the gasification process showed a
significant increasing trend when the air flow
rate changed from 60 I/m to 100 I/m. Almost
constant values of LHV and CGE are attained
till 150 I/m followed by slight decrease upon
reaching 200 I/m of air flow rate. When the air
flow rate is 60 |/m the combustion hesat is
inadequate for reduction reactions, wheress,
increasing the supplied air flow rate enlarges
the combustion heat to be adequate for
reduction zone reactions in addition to
pyrolysis and drying zones enhancement. As
the air flow rate excessively increase to 200
I/m, the combustion heat being greatly

enlarged compared to reduction zone
requirements. Average LHVs of 2.23, 4.21,
4.34, and 4.04 MJmsz are attained at the air
flow rates of 60, 100, 150, and 200 I/m which

correspondsto acalculated ER of 0.362, 0.302,

CGE (%)



0.304, and 0.232 respectively. While the
attained average CGE values are 30.77, 59.55,
61.69, and 41.07 % at ERs of 0.362, 0.302,
0.304, and 0.232 respectively.

6. Conclusion

The experimental
dynamic behavior of cotton stalk batch

investigation of the

gasification in an Imbert design gasifier using
air as a gasifying agent was demonstrated.
From the experimental results; the following
conclusions are drown, In batch operation, the
biomass consumption rate is proportional to
the applied air flow rate as the time of
operation decreases. As the pyrolysis effect
decreases with time, the volume concentration
of Hzin the syngas showed a reduced values
whereas the CO concentration increases due to
the accumulation of char in the reduction zone.
The optimum operating ER for cotton stalk
gasification is (0.302-0.304) which produces a
considerable high lower calorific value of
(4.21-4.34) and cold gas efficiency of (59.55-
61.69 %).

Nomenclature

mass of fuel after heating,
mass of fuel prior heating,
Produced gas yield (m*kg)
Air flow rate (m3h)
Biomass feeding rate (Kg/h)

mdry

Myet
\Z:

Qair

Mp

Abbreviations

ER Equivalence Ratio
LHV | Lower Heating Value
HHV | Higher Heating Value
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VM

Volatile Matter

FC

Fixed Carbon

MC

Moisture Content in feedstock

GC

Gas Chromatography

TCD

Thermal Conductivity Detector

SL/M

Standard Liter Per Minute

daf

Dry ash free
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Numerical Study for Performance Evaluation of Plastic
Solar Air Heater with Different Cross-Sectional

Configuration
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ABSTRACT

In this research, a numerical investigation was performed on five solar air heaters with different cross-sectional
shape to find the best configuration relevant to thermal performance. The selected tested shapes in this study
were (circular, semi-circular, half-circle plus isosceles triangle, half circle-negative isosceles triangle shape and
crescent shape) and al tested shapes hade the same absorber surface area. The effect of two parameter (velocity
and solar radiation intensity) on thermal performance of solar air heater were studied numerically by ANSY S
14.0. The velocity of air was changed from 0.25 to 2.0 (m.s?). Results indicated that the highest efficiencies
were accomplished for the circular configuration and reached to about 51.79% at solar radiation intensity 850
(W.m2). The solar radiation intensity was changed from 400 to 1200 (W.m™). Results indicated that the highest
efficiencies were accomplished for the circular configuration and reached to about 35.51% at air velocity 1.0

(m.s?).
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1. Introduction

Solar air heaters (SAHs) , represent the
primary component of solar energy usage
systems. (SAHSs) are used to convert the solar
energy to thermal energy by increasing the
temperature of air flow through the (SAHSs).To
obtain heated air we use a combustion of fuels,
which have productions of (coz, soz, Noy)
gases which cause air pollution, rain acid and
damage the environment therefore all world
wards to renewable energy to reduce the air
pollution. The bhiggest source of renewable
energy is the sun. The outlet temperature is
used in severa industrial applications [1, 2, 3],
like crop drying, textile dyeing, building
heating and water desalination.

1.1 Solar air heater collector'stypes:

e Unglazed solar air collectors or (transpired
solar collectors) used primarily to heat
ambient air in commercia, industrial,

agriculture and process applications.

The term "unglazed air collectors’ refers to a
solar air heating system that consists of an
absorber without any glass or glazing over top.
Unglazed solar air collectors usually wall-
mounted to capture the lower sun angle in the
winter heating months as well as sun reflection
off the snow and achieve their optimum

performance.
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e Glazed solar ar collectors recirculating
types that are usually used for space
heating.

Glazed air collectors, functioning in a similar
manner as a conventional forced air furnace,
systems provide heat by recirculating

conditioned  building air through solar
collector. Glazed air collectors are a simple
and effective collector can be made for a
variety of air conditioning or process
applications, the air isducted to the building
space or to the process area where, the heated
air is used for space heating or process heating

needs.

A simple solar air collector consists of an

absorber  materid sometimes  having
aselective surface to capture radiation from

the sun and transfers this thermal energy to air.

The SAHSs, have many advantages, the simple
design component, no emissions, low costs to
build it, longer maintenance and can built over
any roof. In another side SAHs have low
thermal efficiency and this is due to heat loss

through the cover.

There are several studies to improve the
thermal efficiency of solar air heater and all of
them refer to increasing the heat transfer
coefficient [4, 5] by changing the flow air
through SAHs from laminar to turbulent
regime by using fins or turbulators which
attached over the absorber surface. Ho et al.
[6] found experimentally and theoretically that



heat transfer is improved when fins were
attached over the absorber surface and they
found that heat transfer improve by attaching
fins and thermal efficiency were increased by
increasing Reynolds number (Re) .Y adav and
Thapak [7] used another way to make the flow
turbulent by attaching ribs on the absorber
surface and they found that the flow turbulent
near the wall increased and improved the heat
transfer and increased the thermal efficiency.
Sharma et a. [8] used ribs as artificia
roughness to
coefficient and they found that heat transfer

improve the heat transfer

improve by attaching ribs on the absorber
surface and thermal efficiency were increased
by increasing Reynolds number (Re) Yadav
and Bhagoria [9] used transverse wire rib
roughness and they found that heat transfer
improve by this method and thermal efficiency
increased by
number (Re). Rawat et a. [10] used 60°
inclined V- shape ribs and they found that heat

were increasing Reynolds

transfer improve by increasing Reynolds

number (Re).

There was another method to improve the
thermal efficiency by using packed bed
materials were used as store heat during the
day to be reused at night to increase the out let
temperature. El Khadraoui et a. [11] used
packed bed materials to improve the thermal
efficiency they were indicated that the thermal
energy which stored during the day used
during the night by this ensured increasing the
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outlet temperature of SAHs all day. Naphon
[12] used numerically method to study the
effect of thermal conductivity of porous media
packed bed of double- pass SAHs and they
found that heat transfer improve by using
packed bed method and double- pass SAHs
had thermal efficiency better than one pass.
Gill et al. [13] fabricated and compare between
of pack bed, double glazed and single glazed
and they found the results were the efficiency
of pack bed is the highest and reached to
71.7%. There was another side it desired to
have cheap cost to design the SAHs, many
paper had been studied for thermal efficiency
with low cost of component. Njomo [14]
compared the plastic and glasses cover thermal
performance and cost for them. The results
found that using plastic cover decrease the cost
of designing the SAHSs. Janjai et al. [15] aso
used plastic cover and they concluded that
thermal efficiency was increased as the length
of SAHs increased till reached to 20 m whiles
increasing length more than 20 m there was no
notable increase in thermal efficiency. Bansa
et a. [16] applied two solar air heaters with
low cost absorber materials one with black
textile absorber and the other with black PVC
foil they found that the thermal efficiency was
increase about 18% and the increase of the
outlet temperature was about 10 °C. Ahmad
[17] designed a solar air heater with cheap
plastic cover with air bubbles they found that
the therma efficiency was increase about

125% and the increase of the outlet



temperature was about 10 °C. Abdullah and
Bassiouny [18] used flexible cylinder type
plastic SAH, with circular shape with 0.5 m
diameter. They concluded that the outlet
temperature increased as the mass flow rate
was increased. Abdullah et a. [19] used
different cross sectional for solar air heater
(circle, semi-circle and haf circle-plus
isosceles triangle) had same absorber surface
area with plastic cover, the therma
performance studied with varied mass flow
rate experimentally. They concluded that the
highest efficiencies were accomplished for
circular shape and reached to about 82.2% at

mass flow rate 0.25 (kg.s?).

To the author’s knowledge effect of inlet air
velocity and solar radiation intensity on
thermal performance of solar air heater with
different five cross sectiona area were studied
numericaly.

Different cross sectional shapes were studied
were (circle, semi-circle, half circle-plus
isosceles  triangle, half  circle-negative
isosceles triangle and crescent shape).

All the SAHs had the same absorber area
semi-circle with (diameter D= 0.3 m and
length L=20 m), the all shapes had the same
plastic cover with emissivity coefficient 0.98
and al of them were studied at same boundary

conditions.

19

2. Numerical Work

A numerical simulating program is used in the
current search is ANSYS 14.0, it is used to
solve set of equations which describe the
processes of momentum, the steady-state
equations of heat and mass transfer. The
ANSYS 14.0 CFX is based on finite volume
techniques to solve these equations. In this
technique the region which tested, divided into
small sub-regions called control volumes. The
equations discretized and solved iteratively for
each control volume. As a result, an
approximation of the value of each variable at
specific points throughout the domain can be
obtained. In this way, afull picture obtained of
the behavior of the flow. The geometry of the
region of interest is then defined. The mesh is
then created after importing the mesh into the
pre-processor other elements of the simulation
including the boundary conditions (inlets,
outlets, etc.) and fluid properties were defined.
The flow solver was run to produce a file of
results that contains the variation of velocity,
temperature and any other variables
throughout the region was studied. Results can
be providing the engineer an understanding of
the behavior of the fluid throughout the region
of interest. This can lead to design
modifications which can be tested by changing
the geometry of the CFD model and seeing the

effect.



The process of performing a single CFD
simulation can be divided into.

1. Creating the Geometry/Mesh, as shown in
Fig. (1, 2).
Table (1) shown how to select mesh
properties.

2. Defining the Physics of the Model and
boundary conditions created (inlet, outlet,
absorber wall and fluxed wall).

3. Solving the CFD Problem.

4. Visudlizing the Results in the Post-
processor, as shown in Fig. (3).

Five different cross-sectiona shapes as shown
in Fig. (4,5 were studied under the same
boundary conditions and same physics model
used and one variable varied to study the effect

of this variation with the thermal performance.
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Table 1. selection of mesh sizing for tested

simulating.

I;/Iacaz No. of grids Outlet Error

size | Nods | Element temperature v
0.035 | 60321 | 55221 345.18 -
0.045 | 40495 | 35076 346.42 0.35
0.055 | 37620 | 33352 346.796 0.1
0.065 | 21948 | 18356 346.852 0.01
0.075 | 18630 | 14792 346.858 0.0017

Table 2: Definition for studied five shapes

Half
circle+
triangle

Half
circle-
triangle

parameter | Circular Semi- Crescent
circle

Cross
section
area (Ao,
m2

0.071 0.058 0.035 0.024 0.023

Premeter

(p), m 0.942

0.896 0.771 0.807 0.805

D hydraulic ,

m 0.3 0.258 0.18 0.118 0.1143

Diameter ,

m 0.3 0.3 0.3 0.3 0.3

Cover
surface

area, m? 9.42 8.48 6.0 6.72 6.66

Absor ber
surface
area (Ap) '
m2

9.42 9.42 9.42 9.42 9.42
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Fig. 5. The different five cross section area of
tested solar air heaters.
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Fig .4. Circular model (L=20m, D=0.3m)

2.1 Effect of inlet air velocity:

Studding the effect of variation of air inlet
velocity through SAHs from 0.25 to 2.0 (m.s?)
with a constant solar radiation intensity flux 1=
850 (W.m?) on the therma performance of
solar air heaters. The boundary condition for
this tested case is shown in table (3). In this
study the outlet temperatures (Tout) represent the

main parameter.



Table 3: Theboundary condition for
studding the effect of air inlet velocity.

Domain Boundary Value
conditions
Temperature 32.9°C
Inlet Air flow 0.25, 0.5, 1.0,
velocity 15,20m.s?
Outlet Ref. Pressure 1.0atm
Absorber | Heat transfer 0.0 W.m?
cover Hest transfer 850 W.m2

2.2 Effect of solar radiation:

Studding the effect of variation of solar
radiation intensity from 400 to 1200 (W.m?)
with a constant inlet air velocity V= 1.0 (m.s?),
on the thermal performance of solar air heaters.
The boundary condition for this tested case is
shown in table (4). In this study the outlet
(Tout) main

temperatures represent  the

parameter.

Table4: Theboundary condition for studding
the effect of solar radiation intensity.

Domain Bour)o!ary Value
conditions
Temperature 329°C
Inlet AII’ﬂQW 10mst
velocity
Outlet Ref. Pressure 1.0 am
Absor ber Heat transfer 0.0 W.m?
400, 600, 800,
cover Heat transfer 1000, 1200
W.m?2
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2.3 Comparison between present numerical
results and previews experimental data at
same conditions:

Abdullah et al. [19] used different cross
sectional for solar air heater (circle, semi-
circle, haf circle-plus isosceles triangle) as
(6,7). The thermal
performance studied with varied mass flow

shown in figure
rate experimentally they concluded that the
highest efficiencies were accomplished for
circular shape and reached to about 80.2% at
mass flow rate 0.25 (kg.s?) and at the same
working conditions the efficiencies for the
other shapes were respectively (70.6% and
50.6% for
and semi-circle), in this case we studied the

half circle-plus isosceles triangle

same three shape (circle, semi-circle and half
circle-plus isosceles triangle) with absorber
length 5.0 m , diameter 0.3 m and emissivity
coefficient 0.98 at same worked condition of
their experimental search they varied the mass
flow rate through the SAHs from 0.05 to 0.25
(kg.s!) with a constant solar radiation intensity
950 (W.m) to make a comparison between a
numerical studied and their experimental
studied. The boundary condition for this tested
caseisshownin table (5).



Table 5: The boundary condition for studding
the effect of massflow rate through in SAHs.

. Boundary
D@l conditions Value
Temperature 329C°
. 0.05, 0.1,
Inlet Air n:z\:zflow 015 0.2
0.25 kg. s*
Outlet Ref. Pressure 1.0 atm
Absor ber Heat transfer 0.0 W.m2
cover Heat transfer 950 W.m?
Cover

Cover
A.) 4 ',). 7 ms '.}\ 4 4 .

P S RIS
Insulation Absorber Insulation Absorber Insulabion

Absarber
Circular Half Circle Semi-Circle
Plus Triangle

Fig .7. The different three cross section area of tested
solar air heater for verification. [19]

S5m
Cover Cowl.rer
03m
Insalation  Absorber ’
Circular Insulation Absorber

Fig.7. Circular modd (L=5m, D=0.3m). [19]
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The variation of mass flow rate at constant
solar radiation intensity was done at various
plastic solar heaters cross sectional Shapes to
acquire the best efficiency. A comparison
the variations of

between temperature

difference, between inlet and outlet air
temperature (Tout - Tin) With mass flow rate
() at constant solar radiation intensity 950
(W.m) for circular, haf-circle plus isosceles

triangle, semi-circular is shown in Figure



(8).The figure indicated that the temperature
difference decreases as mass flow rate (m)
increase at a constant solar radiation intensity
950 (W.m?). It was found that the
temperature difference for the circular shape
is higher than half circle-plus isosceles
triangle, by the same way the half circle-plus
isosceles triangle is higher than semi-circle.
Also from Figure (8). It could be noted that
at mass flow rate 0.05 (kg.s!) and solar
radiation 950 (W.m?)
differences was about 12.36 °C for circular

the temperature

shape air heater.

A comparison between the thermal efficiency
for the three cross section shapes (circular
shape, haf circle-plus isosceles triangle and
semi-circular) had the same absorber cross
section area. The tested solar air heaters as a
function of mass flow rate (m) through air
heaters at constant solar radiation intensity 950
(W.m) is shown in Figure (9). As shown it
can be noticed that by increasing mass flow
rate (mm) the thermal efficiency for the air solar
heaters increases. Also, it can aso be observed
that the rate of increasing the thermal
efficiency is very high at lower air flow rate
range 0.05-0.15 (kg. s'). The energy loss by
heat transfer to fluid increases with increasing
the mass flow rate (i.e
Reynolds number).The figure indicated that

heater had better

increasing the

the circular solar air
efficiency compared with semi-circular plus

triangle ar heaters and semi-circular air
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heaters. This due to the circular solar air heater
had the highest energy transfer because of
having the largest cross section area.
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Fig.10.The variations of thermal efficiency with
mass flow rate at constant at constant solar
radiation intensity 950 (W.m?) for different
tested shapes numerical and experimental
results verification.

A comparison between present work and
Abdullah, et a. [19] experimental study at same
boundary conditions is shown in Figure (10) As
shown it can be noticed that the circular shape
had the best thermal efficiency numerically and
experimentally and the results for the both
searches were converged and the error between
them as shown in figure (10) a range from
2.96% to 3.80%.



2.4. Governing Equations
Governing equations which are used by the

ANSY S software are illustrated here.
2.4.1. Continuity equation
ap/ot+V-(pU)=0 Q)
2.4.2. Momentum equation
d(pU)

—VP+V'T+SM

Where the stress tensor, t, is related to the
strain rate by

r=u(VW+ @ -26v-U) @3

2.4.3. Total energy equation

d(pheor) O
TE =t V(P Uhe) = V-

(4)
AVT) + V- (U-7) + U-Sy + Sg

Where hy,, isthe total enthalpy, related to the
static enthapy h(T, P) by.
htOt = h +% U2 (5)

Theterm V- (U - 1) represents the work due to

viscous stresses and is called the viscous work

term.

The terem U - Sy represents the work due to

external momentum sources and is currently

negl ected.

2.4.4. Reynolds no (Re). Calculation
Re=pVD/u (6)

4A
P
2.4.5. Mass flow rate (m) through the SAHs

can calculate from
m=pVAc (7)
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2.4.6. The SAHs thermal efficiency obtained

asfollow:

C:

Useful energy delivered

Total incoming solar energy
m Cp (Tout—Tin) (8)
Ap Ic

Where, Apthe absorber area
Ap=mrL

3. Results and Discussions

3.1 The variation of inlet air velocity at
constant solar intensity radiation:

The variation of inlet air velocity at constant
solar intensity radiation was done at various
plastic solar heaters cross sectional Shapes to
acquire the best thermal efficiency. A
the variations of

inlet and

comparison  between
temperature difference between
outlet air temperature (Touw-Tin) With velocity
of air flow through solar air heater cross
sectional shapes shown in Figure (11). The
figure indicated that the temperature difference
decreases as the velocity of flow air increases
because of increasing the Reynolds number.
Higher Reynolds number increases the
turbulent flow that improves energy transfer to
air. It is found that the temperature difference
for the crescent shape was the highest, this is
because of the crescent shape has the smallest
mass flow rate due to the crescent shape had
the smallest cross section area . Also, from
Figure (11) it could be noted that solar

intensity 850 (W.m?) and air flow velocity



0.25 (m.s!) the temperature differences was
about 86.16 "C for crescent shape air heater.

A comparison between the thermal efficiency
for the five tested solar air heaters as a
function of inlet air velocity at constant solar
radiation intensity 850 (w.m?) shown in
Figure (12). It can be noticed from that by
increasing velocity of air flow the thermal
efficiency for the air solar heaters increases.
The figure indicated that the circular solar air
heater had the best

compared with others four cross sectional

thermal efficiency

shapes. Because of the circular shape have the
largest cross-sectional area so the circular solar
air heater has higher energy transfer than the
other four shapes.

3.2 Thevariation of solar radiation intensity

at constant inlet air velocity:

The variation of solar radiation intensity at
constant velocity was done at various plastic
solar heaters cross sectional Shapes to acquire
the best thermal efficiency. A comparison
between

the variations of temperature

difference between inlet and outlet air
temperature (Touwt - Tin) With solar radiation
intensity at a constant air velocity 1.0 (m.s?) as
shown in Figure (13). The figure indicated that
the temperature difference increases as solar

radiation intensity increase a a constant
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velocity 1.0 (m.sh).It is found that the
temperature difference for the crescent shape
was the highest compared with others shapes
Thisis because at velocity of air flow1.0(m.s?)
the mass flow rate (rh) within crescent the
shape 0.0393 (Kg.s?) is lower than that for half
circle-negative isosceles triangle 0.041(Kg.sb),
semi-circular shape 0.059 (Kg.s?), half circle-
(Kg.st) and
circle shape 0.121 (Kg.s'). And every cross-

plus isosceles triangle 0.099

sectional shape the mass flow rate () through
in was a constant whatever solar intensity
varied from 400 to 1200 (w.m™?). Also, from
this figure it could be noted that solar intensity
1200 (W.m?) and air flow velocity 1.0 (m.s?)
the maximum temperature differences was
about 89.09 °C for crescent air heater.

A comparison between the thermal efficiency
for the five tested solar air heaters as a
function of solar radiation intensity at constant
inlet air flow velocity 1.0 (m.s?) as shown in
figure (14). As shown it can be noticed from
that by increasing solar radiation intensity the
thermal efficiency for the ar solar heaters
increases. The figure indicated that the circular
solar ar heater had the best efficiency
compared with other four cross sectional
shapes Because of the circular shape had the
largest cross-sectional area so it had higher

energy transfer than the other four shapes.
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4. Conclusions

The numerical study of plastic SAHs with
tested by
ANSY S 14.0, the effect of variation the inlet

air flow velocity at constant solar radiation

different configurations was

intensity and the effect of variation solar

radiation intensity at constant air flow
velocity on the thermal performance of the

plastic SAHs were examined.

e The results indicated that the highest
efficiencies were achieved for the circular
configuration and reach about 51.79% at
ar flow velocity of 20 (m.s!) and a
constant solar radiation of 850 (W.m?).
The thermal efficiency reached about
41.3% for
triangle shape, 38.48% for semi-circular

half-circle plus isosceles
shapes, 38.4% for haf circle-negative
isosceles triangle shape and 37.72% for
crescent shape.

e At solar radiation 1200(w.m?) and a
congtant air flow velocity 1.0 (m.s?) the
circular air heater had thermal efficiency
about 35.51%, half circle-plus isosceles
triangle air heater about 33.47%, semi-
circular ar heater about 24.85%, half
circle-negative
heater about 21.41%
heaters about 20.78%.

isosceles triangle air

and crescent air

¢ The verification between present work and
Abdullah et al. [19] indicated that results
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were converged and the error between them
at range from 2.96% to 3.80%.

Nomenclature

Ac. Cross section area of solar air heaters.
Ap:  Absorber surface area (m?).

Cpo.  Specific heat of air (J.kgt.K™?).

The hydraulic diameter of the cross
sectional shapes (m).

I The solar radiation intensity (W.m).
L: Thesolar air heater absorber length.(m)
m:  Themassflow rate (kg. s%).

P Premeter of sectional shapes (m).

Tout: The outlet temperature (K°).

Tin:  The inlet temperature (K°).

V:  Theveocity of air flow (m.s?).
p:  Thedensity of air flow (kg. m3).

w  Theviscosity of air flow (N.sm?).

The thermal efficiency.

Abbreviations

SAH: Solar air hesater.
SAHSs: Solar air heaters.
A CFD: computational fluid dynamics.
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Abstract

The present experimental work aims to enhance the daily productivity of solar stills. A stepped
pyramidal still with three trays was fabricated and tested under Tanta conditions, Egypt in September 2016.
The still was tested with the brine feed being uninterrupted in one experiment, and with intermittent brine
supply in another experiment. For continuous brine supply, the accumulated distillate was 4.95 L. For
intermittent brine supply, the accumulated distillate was 4.6 L. Per unit total area, the average daily distillate
water productivity is 5.5 and 5.11 L/m? for the continuous and the intermittent feed stills, respectively. In the
two ways, the still yielded a greater productivity than that of conventional pyramid solar still which is 4.4

L/m?2.
1. Introduction

Along with the growth of population, the demand for fresh water is increasing in paralel.
Unfortunately, the resources of fresh water on the earth are being over depleted, thus the call for making the
abundant saline water suitable for domestic, irrigation and especially for drinking purposesis rising. One of
the solutions on the table is solar desalination. Taking advantage of the renewable solar radiation, the solar
desalination has been attractive for so long, and much research is being donein this area.

Solar still is one of the solutions that have been thought to be reliable and cost effective. Solar stills
take advantage of two resources available abundantly almost everywhere on the earth, saline water and the
sun. The principle of solar stills depends mainly on evaporating the brackish or saline water kept in the basin
and condensing the vapor later when getting with the glass cover. The condensed droplets are being collected
in aseparate reservoir asdistillate [1]. Conventional solar still issimplein construction asit consists of abasin
covered with atilted transparent cover. Unfortunately, conventional solar still has low capacity due to loss of
latent heat of condensation to surrounding and the difficulty in increasing the evaporation temperature of water
[2]. So, great efforts have been done to increase the productivity of distillate by investigating the devel opment

of some design parameters such as the shape, the material used and the depth of water in the basin.
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Solar stills may be classified as either passive or active according to the source of the thermal energy
used to evaporate the water. Both of passive and active stills are further classified as single effect (SE) and

multi effect (ME) still according to the number of glazing layers.

In passive solar tills, the only used source of thermal energy is the direct solar radiation. Its simplest
design is SE passive solar still having conventional basin of rectangular in top view and trapezoidal in front
view. However, different shapes of passive solar stills were investigated with the aim of collecting more solar
radiations such as triangular tills, tubular stills, hemispherical stills, vertical stills and pyramidal still [3]. In
amultiple-slope solar still, the optimum tilt angle for the cover was believed to be 23° [4]. To overcome the
problem of heat losses to the surrounding, ME solar still is used as the multi-glass layers utilize more heat and
the efficiency is enhanced.

In active solar stills, other sources of energy, rather than solar radiation, acquire much moreincreasing
in the water temperature and hence the evaporation is enhanced. Theinclined solar still was investigated. It is
inclined to the horizontal surface with the aim of producing larger productivity through acquiring long flow
path, long retention time and high rate of evaporation [3]. It can be mainly classified as wick type and basin
type inclined solar tills. In wick type, the saline water is slowly fed through a porous, radiation-absorbing
pad (the wick) which can be made of cotton, jute, metal pieces, stonesetc. [5]. Its simplest designisthe single
wick still [6]. Due to its small heat capacity, the time required to evaporate the water is decreased, and the
productivity in turn, can be enhanced by 16 - 50 % as compared to basin solar till [7]. Other designs of wick
inclined still have been investigated [3]. One of them isthat investigated by Minasian et a. [8] which consists
of small conventional solar still integrated with awick-type solar till in such amanner that hot water leaving
the wick-type still would directly feed basin-type still. The productivity of this still is 8.477 I/m?/day with
efficiency of 78% as compared to a sole wick type with productivity of 5.970 I/m?/day with efficiency of 64
%.

Thebasin typeinclined solar still isaconventional basin still but thewhole basinisinclined to enhance
the productivity. The angle of inclination depends on the latitude of location and the season. It can be further
classified as multi-effect, stepped and cascade solar stills[3]. Abdullah et a. [9] experimented a stepped solar
still with cooling the glass cover by flowing a small stream of cold water. The productivity was raised to 5.7
I/m?/d with efficiency of 59%, as compared to a productivity of 3.35 and efficiency of 34% for the
conventional solar still [3]. Moreover, integrating stepped solar till, basin type still, and amini solar pond has
was thought of and put into action by Velmurugan et a. [10]. The productivity was enhanced as a result of
preheating the water by the solar pond. Going further, integrating the still furtherly with fins and sponges was
observed to raise the productivity to 6.12 with efficiency of 87 %. Asreviewed in [11], efficiency increases
by inclining the basin referred with the sun angle. In addition, thin layer of water flowing over glass cover

produces more distillate. Moreover, high efficiency can be achieved by combining wick and basin type still.
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Inclined solar stills have also been designed in various miscellaneous stills. One still isintegrated with
a sun tracking system to improve the performance of the still [12], another uses a hybrid solar still in which
an evacuated solar water heater with the desalination still to preheat the saline water [13]. Further effort was

exerted trying to study the effect of forced convection on the productivity of solar stills.

Pyramid solar till is the kind in which top cover has the shape of pyramid. There were basically two
shapes covers and basin offered in pyramid solar still: triangular and square pyramid solar still. Hamdan et al.
[14] made an experimental and theoretical comparisons on the performance of different multiple basin solar
stills, having top cover in shape of squared pyramid. The three stills were constructed using a 0.96 x 0.96 m?
base area, and the cover of each till isof apyramid shape and inclined at 45°. They concluded that the distillate
output from triple basin solar still was approximately 24% and 5.8% greater than that of single basin, double
basin respectively. They obtained that the maximum daily efficiencies of triple basin, double basin and single
basin solar still were 44 %, 42 % and 32 % respectively. Kabeel [15] developed a solar till with pyramid
shaped cover. He used concave-shaped basin covered with wick to enhance the daily productivity of thesimple
pyramid solar still. Yield of 4100 ml and 2100 ml per m? per day was observed for the pyramid shaped concave
wick solar still and traditional solar still respectively. He recorded instantaneous efficiency of 45 % whereas
average daily efficiency of 30% for the pyramid solar still. Taamneh and Taamneh [16] studied the effect of
forced convection on the daily productivity of a pyramid type solar still with alow power consumption fan
integrated with a still with a basin area of 0.95 m?. They found that the productivity was raised by 25% as
compared to free convection solar stills. To evaluate the impact of water amount (expressed as depth of water)
in basin on the productivity of single basin square solar still, Al-Hassan and Algarni [17] designed and tested
three similar square pyramid solar till. For the experimentations, three different amounts of saline water were
used: as31,61 and 91 inthemodels 1, 2 and 3 respectively. Average daily output found to be 3.924 I/m? per
day, 3.116 |/ m? per day and 2.408 |/ m? per day for 31, 61 and 9| of saline water in basins. From this result,
it has been observed that the lower quantity of saline water gives higher productivity. Sathya murthy et al.
[18] experimentally studied the parameters affecting the performance of triangular pyramid solar still. They
got daily yield of 4.3 kg/m3 for 2 cm water depth, 2.3 kg/m? for 4 cm, 1.2 kg/m? for 6 cm, 0.9 kg/m? for 8 cm
and 0.5 kg/m? for 10 cm.

From the previous works, it has been observed that, the pyramid solar still acquires more productivity
than the conventional still. So, the study aimed to investigate the pyramid solar still with some configurations
either in the geometry or in the water feeding. Stepped trays were used in the pyramid still as a new
modification. Besides that, two water feeding methods were considered. The first method is the continuous
water feeding while the other is the intermittent feeding. The system has been provided with suitable
instrumentations to measure the study parameters like the solar radiation, different temperatures of the still
elements (absorbers and glass covers), the inlet water temperature and the productivity.
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2. Experimental set-up, procedure and instrumentations

The test-rig is designed and fabricated from commercial available materials. It consists from three
main parts (feeding system, solar still system and collecting system). Also, the test-rig is provided with
instrumentations to measure the parameters affecting the performance and the productivity (solar radiation
and temperatures at various positions). The design configurations, fabrication, construction of the tested unit,

the instrumentation and measuring techniques are described in the following sections.
2.1 Experimental set-up description

Fig. 1illustrates a photograph of the present work test-rig. Thefirst part of the test-rig is the solar still
system, which consists of two main components; glass covers, absorber and the stepped trays. Four glass
covers are mounted stably on the structural frame. Each cover isinclined to the horizontal by an angle of 72°
to attain the most reliable conjunction with the plates. The dimensions of each glass cover and corresponding
frame 1 m x 1.5 m with athickness of 5 mm. In addition, three trays are mounted on a vertical rod, on at the
base (absorber) and the others at two different heights, as shown in Fig. 2. The bottom tray isinsulated asit is
considered as absorber plate while the other plates, upper and middle, are not insulated as they are just
considered as stepped trays. This rode acts as supporting to the horizontal trays and partially supporting the
weight of the inclined glass covers. The areas of the absorber and the two trays vary from lower plate to the
upper plate according to the pyramidal sectional area at the absorber height. The area of absorber is 0.9 m?
while areas of the trays are 0.36 and 0.11 m? at the middle and the upper, respectively. So, the total surface
areais1.37 m?. Thevertical distance between each subsequent two platesis about 35 cm. The solar till system
is well-sedled to avoid the leakage of water vapor to the outside . The second part of the unit is the distilled
water collecting system, Fig. 3. It consists of four small tray channels inclined and attached to each glass
cover. Each oneisinclined to help the collecting of the condensed water to the collecting hose attached at the

end of each deflector. Each hose is connected to a calibrated collecting tank.

Finally, the feeding saline water system, Fig. 4, through which water is fed to the apparatus through
three hoses with 1 cm diameter each. One end of each hose is connected to a separate, manually-operated
valves. These valves are mounted on a highly elevated water tank. The feeding system has two different
configurations, oneisfor the continuous brine supply and the other isfor the intermittent brine supply. K-type
thermocouples are used for measuring the glass covers, inlet saline water, brine temperature and the absorber
surfaces. . Thermocouples are fixed on the surface of the absorbers and at the upper side of glass covers. Fig.

5 Showsthe locations of the thermocouples.
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Fig. 2 A photograph of the absorber plates.
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Fig. 3 A schematic diagram of the collecting system

Fig. 4 A schematic diagram of the feeding system
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Fig. 5 The positions of the thermocouples

2.2. Experimental procedure and instrumentations

Stepped pyramidal solar still is experimentally tested in outdoor environment. The experiments were
conducted in two different ways. The first way is intermittent brine supply, which depends on attaining an
almost constant water level over the trays through manually adjustable valves at the hosesinlets. In the second
way, the valves are always opened and the hoses are plugged at the end with some filler. Near these ends
though, atiny holeis cut in each hose acting as a choke to restrict the flow rate. Water delicately flows out of
these holes spreading over the horizontal trays continuously compensating for the distilled water. The
Experiments were conducted at the Faculty of Engineering, Tanta University, Egypt and carried out from 9
am to 5 pm during the period of September 2016. Solar radiation and temperature of absorbers surface, saline
water, glass covers, and distilled water are measured every 1 h. The depth of the saline water, H=5mm in
the solar stillsis kept constant during the experiment according to the results of [19]. The temperatures were
measured using calibrated K-type thermocouples. The readout of the thermocouples is monitored by
Avometer. The global incident solar irradiation on the surface is measured by means of data logging solar

meter.

3. Experimental results

As previously mentioned, the stepped pyramidal solar still has been tested for brine distillation in two
different configurations, one with continuous feed ant the other with intermittent feed. The apparatus has been
experimentally tested with the feed being intermittent for 3 days in a row, and then tested with continuous
feed for other 3 sequential days. The apparatus was under test from 8:30 am to 5:30 pm each day. The
temperatures of the four glass-covers as well as the solar intensity falling on each were recorded. The
temperatures of both three trays’ surface and the inlet brine were a'so measured. Finaly, the volume of the
distilled water was measured then the cumulative volume distilled during the whole period of test was
calculated. These parameters have been measured each hour during the day of test, and then plotted over the

time.
3.1 Intermittent feeding
3.1.1 Solar radiation and temperaturesvariation

Fig. 6 shows the solar radiation intensity falling onto the four glass covers with time. The maximum
radiation was noticed to be 145, 688, 777 and 732 W/m?, for the northern, southern, eastern and western plates
respectively.
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Fig. 6 Solar radiation of the intermittent feeding.

Fig. 7 shows a plot of the temperature of the glass covers with time. The maximum temperature
measured was 53, 57, 54 and 60 °C, for the northern, southern, eastern and western glass covers respectively.
These temperatures were recorded at 13:30 for the northern and eastern covers and at 14:30 for the western

and southern covers.
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Fig. 7 Temperature variation of the glass covers of the intermittent feeding.
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Fig. 8 shows the temperature of the lower, middle, top absorber plates and that of theinlet stream with

time during the second day. The maximum temperatures on the surfaces of bottom, middle and top plates,

were 62, 65 and 62 °C, respectively. These temperatures were recorded at 13:30, 14:30 and 12:30 respectively.
The inlet temperature reached a maximum of 44 °C at 13:30.
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Fig. 8 Temperature variation of the trays’ surface of the intermittent feeding.
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Fig. 9 shows the productivity over time, the maximum productivity occurred between 13:30 and 14:30,

whereas Fig.10 shows a plot of the accumulative production during that day. The daily accumulative
productivity was 5.11 L/m?. The productivity reached the peak also at 1:30 P.M. of 0.89 L/m?
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Fig. 9 Hourly productivity of intermittent feeding.
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Fig. 10 Accumulative productivity of intermittent feeding.
3.2 Continuous feeding

3.2.1 Solar radiation and temperaturesvariation

Fig. 11 shows the solar intensity of the radiation falling onto the four glass covers versus time. The
maximum radiation was 150, 690, 770 and 735 W/m?, for the northern, southern, eastern and western plates

respectively.
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Fig. 11 Solar radiation of the continuous feeding.
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Fig. 12 shows the temperature of the glass covers versus time. The maximum measured temperatures
were 52, 57, 52 and 59 °C, for the northern, southern, eastern and western plates respectively. These
temperatures were recorded at 13:30 14:30 13:30 and 14:30, respectively.

Fig. 13 shows the temperature of the lower, middle, top absorber plates and that of the inlet stream
versus time. The maximum obtained temperatures on the bottom, middle and top plates, were 60, 62 and 62.5
°C, respectively. These temperatures were recorded at 13:30, 14:30 and 14:30 respectively. The inlet
temperature reached a maximum of 41.5 °C at 10:30 and a minimum point of 29.5 °C at 17:30.
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Fig. 12 Temperature variation of the glass covers of the continuous feeding.
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Fig. 13 Temperature variation of the trays’ surface of the continuous feeding.

3.2.2 Productivity

Fig. 14 shows the productivity over time, the maximum productivity occurred between 13:30 and
14:30, whereas Fig .15 shows a plot of the accumulative production during that day. The still has yielded an
accumul ative volume of the distilled brine of 5.5 L/m?. Maximum productivity was acquired at 1:30 pm. The
volume distilled from 12:30 to 1:30 was 0.94 L/m?.

One of the findingsis that continuous water feeding is better than intermittent feeding. Thisis due to
the continuous drop of water droplets which works to disturb the water surface and stimulate the surface

molecules to evaporate faster than the intermittent feeding state in which the surface is completely stationary.
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Fig. 14 Hourly productivity of continuous feeding.
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Fig .15 Accumulative productivity of continuous feeding.

The proposed configurations of pyramid solar still showed an accepted performance compared to some
other studied systems asillustrated in Table 1.

Table 1 Comparison between the productivity of the present system and some other systems

Daily
Study Design configurations Productivity
(L/m?)
e Pyramid solar still _
i ; T feedin
Present study . EI c;nge5r15| 025 of basin = (0.95 9
95) m ) Continuous
e Theglasscover angleis 72 feeding 3.5
degreesto the horizontal
e Pyramid solar still
e Thebasnisconcave
Kabeel [15] e Dimensionsof basin= (1.2 x 1.2) m? 4.1
e Theglass cover angleis 45 degreesto the
horizontal
With afan 2.99
Taamneh and Pyramid solar still
Taamneh [16]
Without afan 2485
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e Pyramid solar still
Arun k[uzrg]ar ad.| Dimensions of basin = (0.95 x 0.95) m? 3.3
e Pyramid solar still 413
e With different glass cover 30.47° '
Kabeel et a. [21] angles 40° 35
e Dimensions of basin = 0.64 m?
50° '2.93

3.3. Pyramid solar still efficiency

The instantaneous efficiency, n;, defined as the ratio between the hourly distillate productivity m
multiplied by the latent heat htg and the summation of solar radiation over the absorber area A.
The daily efficiency, ng, is defined as the ratio between the summation of the hourly distillate
productivity m multiplied by the latent heat hrg and average solar radiation I(t) over the absorber area A.
m X hgg

n; oD x4 €]
_Zm X hfg
Na _Iavg—XA (2)

Assume that, the latent heat hig= 2350 kJ/kg.

The instantaneous efficiency of pyramid solar still calculated using Eq. (1) during the selected days of
intermittent and continuous feeding is shown in Fig. 16. The instantaneous efficiency increases in the morning
time until a maximum value at 4:30 pm and then decreases. It can be observed that the efficiency after 3 pm
is increasing, while the solar radiation decreases, this may be due the stored energy in the still, which is not
considered in calculation, may increase the evaporation process. The efficiency of the pyramid solar still
reached about 0.55 for continuous feeding and 0.56 for intermittent feeding. The calculated daily efficiency
from Eq. (2) equals 0.37 for continuous feeding and 0.35 for intermittent feeding.
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Fig .16 The hourly variation of the instantaneous efficiency for intermittent and continuous feeding

4. Conclusion

The current work achieved good enhancement in the daily productivity of solar stills. A stepped

pyramidal still with multi trays was fabricated and tested. Two different ways of feeding were tested. The first

way is continuous feeding while the second way is intermittent feeding. From the results, it can be concluded

that:
e For continuous feeding, the accumulative productivities were 5.5 L/m? and the efficiency reached
about 0.55.
e For intermittent feeding, the accumulative productivities were 5.11 L/m? and the efficiency reached
about 0.56.
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ABSTRACT

Centrifugal compressors play an important role in many industries. Improving the efficiency of centrifugal
compressors and extending their range has been an important subject for both engineers and researchers working in
the turbomachinery field. This paper discusses the optimization of Eckardt O impeller through changing its blade
angles distribution to increase its efficiency. the optimization process is performed using an automated procedure
performed within ANSYS workbench. The geometry is parameterized using ANSYS design modeler, the mesh is
generated using ANSY'S Turbogrid and steady flow CFD results are obtained using ANSYS CFX. Optimization by
genetic algorithm is done using a surrogate model generated through a sample of designs selected through Design of
experiments “DOE” sampling. The performance of the optimized and the original designs are compared both
qualitatively and quantitatively, the optimized design efficiency successfully increased from 87.994 % to 88.481%
based on CFD results.

NOMENCLATURE
Po Total pressure, Pa
To Total temperature, K
R Radius, m
PR Pressure ratio

Greek symbols

n Efficiency

B Relative blade angle

(S} Corrected total temperature

) Corrected total pressure

Meor Corrected mass flow rate, kg/s
n Rotational speed, rpm
Subscript

tt Total to total

Abbreviations

DOE Design of Experiments
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INTRODUCTION

Centrifugal compressors are characterized by their high-pressure ratio per stage, robustness and stability over a wide
operating range [1]. These characteristics make them ideal for many important applications including sophisticated
industrial, aerospace and automotive industries. Designers of centrifugal compressors use the latest tools and
methodologies to design acrodynamically efficient compressors that meet the structural, manufacturability and costs
constraints imposed by the specific application for which they are designed. Designing a centrifugal compressor rotor
starts from calculating its main dimensions, this is done utilizing simple 1D or 2D methods [2]. The next stage is
defining the 3D geometry of the compressor blades. The 3D blade geometry is specified through the definition of the
hub, shroud, blade angle distribution and thickness distribution curves. These curves are generally defined as Bezier
or spline curves for which the coordinates of the defining points are parameterized [3],[4]. There are no available
analytical methods to specify the blade defining curves to give optimal performance. It is rather an iterative process
where an optimization workflow is used [2]. The optimizer varies the parameters controlling the blade defining curves.
The aerodynamic performance is calculated using CFD. Finally, the optimizer introduces the best candidate designs
according to the predetermined objective function and constraints.

For optimization, surrogates or metamodels are used to approximate computationally expensive functions to
provide computationally inexpensive reasonable predictions of the real functions. Standard polynomial response
surfaces, Kringing model and artificial neural networks are popular in the turbomachinery design discipline. The
design of experiments “DOE” techniques are used to introduce proper samples to construct an approximate metamodel
that is as accurate as possible and covers the required region of the design space with the least design points to save
the computational resources[5], [6].

In this paper optimization of the Eckardt O compressor is introduced. The blade angle distributions curves of the
Eckardt O are redesigned to get optimum aerodynamic performance at the operating point of the original Eckardt O
compressor. The workflow is performed using ANSYS software package and optimization is performed using

surrogate model and Design of experiments methods.

AUTOMATED OPTIMIZATION WORK FLOW
The automated optimization workflow scheme, Figure 1, includes the following modules:

¢  Geometry module: this module contains the parametric CAD geometry to be controlled through the accessible
geometrical parameters.

e  TurboGrid module: uses the geometry in the geometry module as an input and generates a suitable mesh
according to a set of user-defined settings.

e CFX module: This module calculates the 3D flow field and calculates specific centrifugal compressor
performance parameters according to a set of predefined equations.

e Response surface optimization module: Optimizes the compressor geometry to get the best performance
according to a user-defined objective function and without violating a set of pre-defined constraints. It uses the

response surface model and design of experiments for sampling.
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The optimization process works in the following order: the optimization module selects a sample of compressor
geometries which cover the entire design space, this set is defined using a suitable design of experiments techniques.
The geometry is used to generate a suitable mesh, then the performance of the design is calculated, and the output
performance parameters are stored. This process continues till the performance of each of the designs in the initial
sample is calculated. The stored data is used by the optimization module to generate a surrogate model (also called a

response surface) with the compressor performance parameters as outputs (responses) and geometrical variables as

inputs.
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Response Surface Optimization

Figure 1: Automated optimization workflow schematic in ANSYS workbench

Using an automated optimization workflow saves time and effort, but the following requirements should be
fulfilled so that the automated workflow can work:

e  Preparation of a robust parametric CAD model of compressor.

e Setting up a mesh configuration that achieves a good balance between accuracy, computational time and
robustness.

e Proper specification of the CFX setup, solution parameters and defining the equations for the calculated
performance parameters.

e Validation of the CFX setup and solver settings through using the Eckard O compressor geometry and

comparing the calculated parameters to the experimental results.
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GEOMETRICAL MODEL
Two CAD models are required for the analysis, the first one is the Eckardt O compressor 3D model, it is required
for the CFD setup validation step, the second model is the parametric model used in the automated optimization

workflow.

Rotor of the original Eckardt O compressor

The Eckardt Rotor O geometry was modeled using siemens NX CAD package, the rotor hub and shroud curves
are circular arcs, blade elements are radial, and the blade camber lines are elliptical curves in cylindrical sections.
Figure 2 shows the main dimensions of the meridional contour of the Eckardt O rotor, the elliptical blade camber
curves in cylindrical sections are defined using the following equation:

Y -a)? X? (1)
e tpTl

Where: a=4.7693R mm, b=220.579 mm

No data was found in the literature regarding the blade thickness of the Eckardt O rotor, so it was assumed
following the design recommendations used at the time the original compressor was designed, Blade thickness was
assumed constant for stream-wise sections and increasing linearly from the shroud to the hub along the blade span,
the blade thickness was assumed 1.25 mm at the shroud and 2.5mm at the hub. Figure 3 shows the created CAD model

of the compressor.
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Figure 2: Meridional contour and mean camber line [7]
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Figure 3: The developed CAD model of Eckardt O rotor

Rotor of the parametric CAD model
The parametric CAD model used in the optimization workflow is defined in the ANSY'S design modeler module.

It shares the same meridional contour with the original Eckardt O rotor. For the blade, Radial element surface
construction is used, this makes the definition of the blade camber line at only one cylindrical section at any radius
from the rotor axis sufficient to define the whole blade camber surface. In ANSYS blade modeler the blade camber
lines can be defined at stream-wise sections by defining their blade angles values along the meridional length [4]. For
the developed parametric CAD model, A Bezier curve with 6 control points was used to define the blade stream-wise
camber line at the shroud section. The range through which the coordinates of each of the control points could be
varied is carefully selected to avoid the generation of distorted blade geometries. three of the control point are kept
fixed and the meridional coordinates of the other three points were also kept fixed, leaving only three parameters
controlling blade angles as variables to be controlled by the optimizer during the automated optimization workflow.

Figure 4 shows the blade angles distribution at the shroud stream-wise section, the control points designated by “+”
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[7PRL)

kept fixed and only the angle values for the control points designated by “o” are used as parameters to be controlled

by the optimizer, these parameters are named betal, beta2, beta3 and the range of their values is specified in Table 1.

Table 1 upper and lower bounds of geometrical parameters

Variable Lower bound Upper bound
betal -30° -15°
beta2 -30° -5°
beta3 -5° 5°

The thickness distribution applied was assumed in the same way previously used to create the Eckardt O CAD

model.
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Figure 4: Blade angle distribution at the shroud stream-wise section

Diffuser Geometry for the CFD verification CAD model
The original Eckardt O diffuser is vaneless with constant flow area up to a radius equal to twice the impeller tip

radius (R/R2 = 2), followed by a bend to turn the flow into an annular settling chamber as shown in Figure 5, the
experimental results reported are based on inlet conditions at station 0 and outlet conditions at station 4 (R/R2 = 1.69)
[8], thus, the vaneless diffuser used in the CAD setup verification was modeled only up R/R2 = 1.69 such that the
CFD results could be validated against the published experimental results. The same diffuser geometry was also used
with the parametric rotor model used in the automated optimization work flow such that the results obtained could be
directly compared to the experimental results achieved by the original Eckardt rotor O. Figure 6 shows the meridional

contour of the flow path in ANSYS design modeler.
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CFD MODEL SETUP & VALIDATION

The selected computational tool for CFD calculation is ANSYS CFX®. This commercial simulation software
package is selected for its proven accuracy in turbomachinery applications including centrifugal compressors, also it
can be used integrally with geometry, meshing and optimization modules within the ANSY'S workbench environment

to create a stable integrated and automated optimization workflow.

Frame of reference

A single frame of reference can be used when calculating the compressor stage, that is, a frame of reference that
is fixed with respect to the rotor, this makes the flow steady with respect to this frame of reference which greatly
simplifies the analysis, despite the fact that the vaneless diffuser is rotating with respect to this single frame of
reference, using the single frame of reference is still possible because the vaneless diffuser consists of only two
surfaces of revolution around the impeller axis of rotation [10], using a rotating frame of reference for the rotor and a
stationary frame of reference for the diffuser is also possible by adding a suitable interface, but it adds unnecessary

complexity to the analysis and yields almost no differences in the results.

Boundary conditions

The flow simulation is performed using a single flow passage between two adjacent blades by using rotational
periodicity to calculate the performance of the whole compressor, this reduces the computational time significantly
and gives accurate results. Figure 7 shows the computational domain boundaries definitions.

Inlet Boundary conditions:

»  Total pressure at inlet (Pg) = 101325 Pa

»  Total Inlet Temperature (To) =288.15 K
Outlet Boundary conditions:

*  Mass Flow rate = 5.31 kg/s
Wall Boundary condition:

*  Blade surfaces.

* Inlet Hub and impeller hub surfaces.

»  Diffuser hub surface (with wall velocity: counter rotating).

»  Shroud (with wall velocity: counter rotating).
Periodicity Boundary conditions:

*  Between the periodic sides 1 and 2 of the hub, passage and shroud.
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Figure 7 Boundaries definition

Turbulence model selection

For an automatic optimization workflow, many designs are evaluated using a computationally expensive CFD
solver, the simulation time and robustness are both important factors. Accuracy of the CFD solver is also critical to
obtain a design that performs as expected. Investigators compared between different turbulence models for centrifugal
compressors applications [11] SST model proved to offer a good balance between robustness, speed and accuracy. It

is also recommended by ANSY'S for turbomachinery applications [12], so it was chosen for this analysis.

Mesh generation.

Mesh generation is carried out using ANSYS TurboGrid, whereas structured type mesh is used. ANSYS
TurboGrid has the capability of producing high quality meshes with the least number of elements, thus helps in

obtaining fast and accurate results.

Method: Global size factor, this was varied from 1.1 to 1.3 during the grid independence study, the final mesh has a
global size factor of 1.1.

Topology: The mesh topology is defined using the ATM optimized option in ANSYS TurboGrid and the selected
method is the single round cut-off refined, Figure 8

Boundary Layer: Different methods for near wall element size specification during the grid independence study, for
the final mesh an absolute First element offset of 0.5 mm was applied with target maximum expansion rate of 1.3.

Passage data: the method is “Proportional” with Factor =1.
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Inlet domain: mesh type is H-Grid, defined by a maximum expansion rate of 1.2, the total node count of the final

mesh is 800000 and it proved to be valid through the grid independence test.

Figure 8 Turbogrid Mesh Topology (Single Round Cut-off refined)

Grid independence study

Grid independence study is performed at the performance point m =5.31 kg/s at 14000 rpm for the Eckardt O rotor,
Table 2. The experimental values of the total to total pressure ratio and isentropic efficiency are 2.094 and 88%
respectively. Therefore, the mesh with 8E05 nodes is selected as the final mesh which gives relative errors of -0.468
%for pressure ratio prediction and -0.0068% for efficiency compared to the experimental values.

Table 2 Grid independence study

Passage Total Total Compressor
mesh temperature | pressure Net mass flow
elements ratio ratio rate
400000 1.2672 2.0816 87.849 5.31
800000 1.2672 2.0842 87.994 5.31
1100000 1.2665 2.0825 88.13 5.31
1800000 1.2669 2.0849 88.16 5.31

The produced mesh offers Non-dimensional wall distance values, “Y+" suitable for good accuracy with the SST
model, Figure 9 shows the Y+ contours on the hub and the blades, the y+ value doesn’t exceed 5 almost over all the

surfaces
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CEX-pre-setup

High resolution option is selected for advection scheme and turbulence numerics, the maximum number of
iterations is set to 500 (the solver terminates even if the convergence criteria is still not met). Automatic time scale
factor is used. Timescale factor is set to 5.

The convergence is achieved if the RMS residuals reach 1E-07, a conservation target is set to 0.01 and interrupt
control is activated, it defines a better criterion for convergence compared to the RMS residuals. It terminates the
solution earlier if all the following conditions are met:

*  Current time step>20

»  Standard deviation over a moving interval of 40 iterations of isentropic efficiency >0.05.

»  Standard deviation over a moving interval of 40 iterations of outlet total pressure <1 Pa

»  Standard deviation over a moving interval of 40 iterations of stage mass flow rate < 0.05 kg/s

Calculated parameters

. P
Total pressure ratio: PRy, = P—t“
t1

Corrected mass flow rate: M ,, = 11/ 6y/6,

T
Corrected total temperature: 6, = —-2
288.15K

P
Corrected total pressure: §, = —2

1atm

k-1
. . . Pe,/Pry) k-1
Total to total isentropic efficiency: 1, = (Pea/Pey) * -1
4 Tey=Tty
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Computational tool validation

The validation process starts with the comparison between CFD results and the experimental results at n = 14000
rpm, reported by D. Eckardt, the performance parameters of the compressor at the three test points are summarized in
Table 3.

Table 3 Summary of Eckardt’s O performance at the CFD1, CFD2 & CFD3 Test points

PR, Nee
. 04 04
Test | n/\/Bg 7;\/ O (] [%]
Point m 0 . .
[rpm] [kg/s] Measured CFD ngit;:e Measured CFD R}i&:ﬂ:e

1 14000 6.09 2.061 2.0605 -0.024 % 86.8 87.399 0.69 %
2 14000 531 2.094 20842 | -0.468 % 88.0 87.994 | -0.0068%
3 14000 4.53 2.086 20608 | -1.208% | 865 86.531 | 0.035%

Comparison between measured and CFD impeller tip conditions

Table 4 shows the comparison between the CFD and Experimental impeller tip conditions reported by Japikse &

Baines [1],

Table 4 Experimental and calculated impeller tip conditions

Measured CFD Deviation
T, 363.5K 364.7K 0.330%
Pe, 220.5 kPa 216.314 kPa -1.898%
P2 144.7 kPa 143.422 kPa -0.883%

The results obtained show a good agreement between experimental and calculated CFD results, thus the illustrated

mesh settings are applied to the CFD calculations within the automated optimization workflow

OPTIMIZATION MODULE SETUP

Design of experiments (DOE)

The first step is the determination of the upper and lower bounds of the input parameters, the upper and lower
bounds are specified in Table 1. The selected design of experiments type is the “Latin Hypercube Sampling Design”,
whereas the selected samples type is “CCD “. The number of design points generated using this methodology is 15
design points. The output parameters calculated and stored for each design point are the mass flow rate, total to total

isentropic efficiency and total to total pressure ratio.

Response surface

Kringing auto refinement is used for response surfaces generation. This method uses the CFD results of the DOE
samples for metamodel construction, then checks the accuracy of the response surface through comparing the CFD
calculated results of a new, automatically selected performance point to the predicted results from the current
metamodel, if the results give an error exceeding the user defined maximum relative error, more automatically
selected, CFD calculated performance points are added to construct a more accurate metamodel, this process continues
till the response surface accuracy reaches the user defined target. in this analysis the maximum relative error specified

1s 5%.
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Optimization objectives & constraints

The objective of the optimization process is to maximize the total to total isentropic efficiency of the compressor
while keeping the total to total pressure ratio constrained between 2 and 2.2. Figure 10 shows the objectives and

constrains set in the design explorer component.
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Figure 10 Optimization objectives and constraints

Optimization Algorithm and results

The Multi-Objective Genetic Algorithm (MOGA) is used, it is a variant of the NSGA-II algorithm, it aims at
finding the global optimum and supports multiple objectives and constraints.

The optimization component is configured to generate initial 500 samples using 150 samples per iteration to find
three candidates that deliver the best performance, the performance predicted through the response surface is verified
via CFD calculations. The obtained optimum design has the following geometrical variables values, Table 5.

Table 5: Optimum design geometrical variables values

Variable Value (Degree)
betal -15°
beta2 -5°
beta3 0.12°

RESULTS & DISCUSSION

The selected optimized design has the highest efficiency in the design space, compared to the performance of the
original Eckardt rotor under the same operating conditions (N =14000 rpm & m = 5.31 kg/s). The efficiency has
increased from 87.994 % to 88.481%, that is, about 0.487 %. Changing the blade angles distribution improved the

blade loading leading to less losses and improved efficiency.

Figure 11 and Figure 12 show a comparison between the blade to blade Mach number contours of the original and the
optimized compressors at 60 % span. It is obvious that changing the blade angle distribution changes the blade shape
such that the Mach number inside the passage generally decreases leading to a reduction in losses and increase in
efficiency. The Mach number reduction is more obvious at 90% span. Comparing Figure 13 and Figure 14 a significant
reduction in the Mach number in the inducer section is seen, leading to efficiency improvement.

it can be noticed that the wake region seems to be larger in the optimized impeller, but its severity is less compared to

the wake in the original impeller.
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Figure 11: Original compressor blade to blade Mach No. Figure 12 Optimized compressor Blade to blade Mach No.
Contours at 60% span Contours at 60% span

Figure 13: Original compressor Blade to blade Mach No. Contours Figure 14: Optimized compressor Blade to blade Mach No.
at 90% span Contours at 90% span
CONCLUSION

The optimization of the rotor of the Eckardt O compressor is performed through variation of the blade angle
distribution while keeping the blade angles at the impeller inlet and outlet unchanged. An automated optimization is
performed based on a surrogate model exploiting DOE for sampling and using CFX as the fluid flow solver. The
design point performance for the original and optimized compressors are evaluated and compared both quantitatively
and qualitatively, where 0.487% of efficiency improvement is reached. It can be shown that varying the blade angles
distribution modifies the blade loading such that a sound improvement in the Mach number distribution is achieved
leading to a mild improvement in the compressor total to total efficiency for the same pressure ratio and mass flow

rate.
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Abstract: Many floor systems contain wide shallow beams to carry floor loads and transfer it to
columns. For example, in bridge construction, a system of wide shalow beams (WSBs) may
provide a simple and economical system to transfer loads from the slab deck to columns. In many
of these design situations, it is often advantageous to use different member widths to minimize
reinforcement conflicts and reduce overall congestion. This geometrical peculiarity deserves some
attention and caution while dealing with the behaviour at ultimate limit states for shear and flexure.
Seven wide-shallow beams with edge columns specimens were used to investigate the effect of
width to depth ratios (b/d) and column width to beam width ratios (c/b) on the performance of
shear capacity. The performances were measured in terms of deflection, ultimate loads, crack
patterns, web reinforcement strains, and shear strain distribution acrosswidth. Theresultsrevealed
that, the contribution of concrete formals of the international codes must be recalibrated.

1 INTRODUCTION

Many floor systems contain wide shallow beams to carry floor loads and transfer it to columns.
For example, in bridge construction, a system of wide shalow beams may provide a smple and
economical system to transfer loads from the slab deck to columns. In many of these design
situations, it is often advantageous to use different member widths to minimize reinforcement
conflicts and reduce overal congestion. Common practice is to use beams which are wider than
the supporting columns asillustrated in Fig.1, the geometric differencesin member width between
beam and column will create a difference force flow in the beam compared with the beams that
support on columns with the same width.

Recently, some researchers directed their efforts to study the shear behavior of wide shallow
beams. Lubell et a., 2009 and Serna et al., 2002 investigated the influence of the stirrups cross
spacing on the shear capacity of wide shalow RC beams. The study concluded that the
effectiveness of stirrups increases as the spacing of web reinforcement legs across the width of
decreases and aso the mode of failure is more brittle when widely spaced up to a distance of
approximately twice the effective depth. Sherwood et al., 2007carried out an experimental study
to compare between the behavior of the wide shallow beams and thick slabs in shear. They tested
five specimens of normal strength concrete with a nominal thickness of 470 mm and varied in
width from 250 to 3005 mm. The study ended to that the failure shear stresses of narrow beams,
wide beams, and slabs are adl very similar.
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Figure 1: Wide shallow beams application in bridges

The influence of member width on the shear behavior was studied also by Antonio et al., 2015.
The test series compared the capacities of wide specimens to narrow specimens having the same
effective depth and longitudinal reinforcement ratio. Thus, Antonio concluded that member width
was a significant parameter in predicting the shear stress at failure. S. E. Mohammadyan et a.,
2014 investigated the shear capacity of six reinforced concrete wide beams with diverse types of
reinforcement. The results revealed that using some numbers of independent bent-up bars
significantly improved the shear capacity of wide beams. The combination of independent bent-
up bars with stirrups led to higher shear capacity and gradual failure of the specimen.

2 RESEARCH SIGNIFICANCE

The objective of this study is to determine the effect of the following parameters on the shear
behaviour of wide shallow wide beams: (i) The effect of member width to depth ratio (b/d) and
(i) The effect of columns width to beam width ratio (¢/b). On the other hand, the study addressed
the adequacy of international codes requirements for shear design of wide shallow beams. A
similar comparison is made between the experimental test results and analytical results obtained
through the proposed mode!.

3 EXPERIMENTAL PROGRAM

3.1 Specimen'sdescription:

Seven RC beams were tested under a four point loading system and a shear span-to-depth ratio
(ald) of 2.25 to achieve shear failure for al specimens. All beams had the same height (250 mm)
and gross cover (50 mm), corresponding to an effective depth of 200 mm. Moreover, al beams
reinforced with the minimum amount of transverse shear reinforcement, was also produced: four-
leg stirrups having a diameter of 8 mm at a longitudinal distance of 200 mm .The longitudinal
reinforcement was placed with a same reinforcement area; in particular, seven rebar's having a
diameter of 22 mm were disposed in tension zonefor al beamsto prevent flexurefailure and seven
rebar's having a diameter of 12 mm were used in the compression zone to hold the stirrups in
position. Also, for considering the effect of shear on bar force at support, 900 hooked anchorages
were used at both ends, with a development length of 200 mm. Table 1 summarizes al specimens
geometry details. It should be noticed that, the column parts were reinforced properly with stirrups
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and axial reinforcement using appropriate anchorage length of barsin order to resist the applied
load at failure.

3.2 Materialsproperties

All specimens were cast in plywood formwork simultaneously and cured under moist gunny.
Seven standard cylindrical molds 150 mm in diameter and 300 mm high, one cylinder for each
specimen, were cast at same time as the specimens and cured for control tests. Concrete samples
were tested according to ASTM: C39/C39M-14, 2014 and the average compressive strength was
28.47 MPa.Stedl barsof 8, 12, and 22 mm were used for stirrups, compression reinforcement, and
tension reinforcement, respectively. The actua yield and ultimate stress for the used bars of
different diameters evaluated according to ASTM A615/ A615M — 16, 2016. The yield strength
for stedl bars 8, 12, and 22 mm were 355,446, and 406 respectively.

Tablel: Main characteristics of test specimens

Group (1)
. b d c Tension Compression Shear
Specimen mm mm mm brd clb RET RF.)F.T RET
B1 250 200 250 1.25 1.00 7022 7012 @8@200mm
B2 600 200 600 3.00 1.00 7022 7012 @8@200mm
B3 800 200 800 4.00 1.00 7922 7912 @8@200mm
B4 1000 200 1000 5.00 1.00 7022 7012 @8@200mm
B5 1400 200 1400 7.00 1.00 7022 7012 @8@200mm
Group (I1)
. b d c Tension Compression Shear
Specimen mm mm mm b/d c/b RET RF.)F.T RET
B6 800 200 200 4.00 0.25 7922 7912 @8@200mm
B7 800 200 400 4.00 0.50 7022 7012 @8@200mm
B3 800 200 800 4.00 1.00 7022 7012 @8@200mm

Where: b= the width of beam section, d= the effective depth of beam section, and c= the width of column
section, perpendicular length to centerline of beam.

3.3 Testing setup and instrumentations

All tested beams were |loaded symmetrically with two equal concentrated loads, which resulted in
aregion of nearly constant moment over the central part of the beam. Instrumentations for all
specimens were designed to capture the load-deformation behaviour, and determine variations in
reinforcement strains, for the different beam widths and support configurations. A manual
hydraulic jack with maximum capacity 1200 kN |oaded the beam by applying downward load by
increment of 1.0 kN up to failure and measured by the load cell attached to the jack. Vertical
displacement measurements were recorded from LVDTs to capture differential deformations
across the width of the members. Test setup for loaded specimens was depicted in Fig.2a.Shear
strains were measured on the side faces of each specimen at mid line from face of column to the
load point using one circular rosette of four side-mounted linear variable differential transformers
(LVDTs) asshownin Fig.2.b. A system of LV DTs-based bulging gauges was used to measure the
shear stress distribution cross the beam width by measuring the vertical increase of member
thickness caused by diagonal cracking as shown in Fig.2.c. The holes through the concrete for the
bulging gauge were formed with 6mm diameter flexible plastic tubing that removed prior to the
tests. The free movement of the LVDTSs piston prevented the gauge from action as a force —
resisting element. For al beams, each stirrup in the shear span was instrumented with an electrical
resistance strain gauge.
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Figure 2: Instrumentation and test set up

4 EXPERIMENTAL RESULTSAND DISCUSSIONS

4.1 Crack patternsand failure modes

In the early stages of loading, the beams were free of cracks. When a maximum tensile stress in
the concrete was reached, vertical flexura cracks formed from the tension surface of the beam at
intervals along the constant moment region. After the flexural cracks had extended upward a short
distance above the longitudinal reinforcement, they extended further vertically in the pure moment
zone. Shortly after the flexural crack formed, a small diagonal crack appeared suddenly dlightly
abovethe main steel level and at approximately the middle of the shear span. Astheload increased,
theinclined shear crack developed further towards the loading points and the supports. The rate of
propagation of theinclined shear crack was different as b/d changed. Correspondingly the ultimate
failure of the tested beams took different forms with a variation of width to depth ratio (b/d). The
crack patternsfor all specimens are shownin Fig.3.

For narrow beam (B1) with b/d ratio equals 1.25, the inclined shear crack propagated very
gradually toward the load point, and eventually crushing occurred somewhat above the crack in
the reduced section. When the inclined shear crack reached a point somewhere above the neutra
axis, severa local diagona cracks were formed at the level of the tension reinforcement, and
gradually connected each other. For this beam the formation of the inclined shear crack did not
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cause failure; substantial additional load was resisted after the inclined shear crack initiated. The
failure was sudden and loud, this failure mode is conventionally called shear compressive failure.
For wide — shalow beams (B2), (B3), (B4), and (B5), it appears that the failure modes are directly
related to the stability of the inclined shear cracks, which depends on b/d ratio. The inclined shear
crack in beam B2 can be classified as an unstable crack because it propagated quickly without any
additional load, resulting in separation of the member into two pieces. Whereas in beams B3, B4
and B5, an additional load was needed to extend the inclined shear crack, so that these cracks may
be identified as stable cracks.

In group I, for all three specimens, flexural cracks near mid-span were detected first during initial
load stages. Then, new flexural cracks formed in the shear spans and curved diagonally towards
the loading point. The diagonal crack widths gradually increased as the applied load at mid-span
increased. At the last stages of loading before failure (P > 0.9 Pma), an existing diagonal crack
rapidly widened and extended upwards to the loading plate. During the shear failure and after the
occurrence of the crushing mechanism in the compressive concrete, cracking aong the
longitudinal reinforcement towards the support region was also observed in specimens. A
significant difference in performance was related to the crack development on the side faces of the
members. For specimens (B3) with where the support width extended to the specimen edge, the
shear cracks terminated at the edge of the loading plate. However, when a narrow support was
used, the shear crack extended horizontally past the centerline of the specimen. The differencein
crack extent is explained by the lack of confining pressure in the latter case, which allows tensile
splitting cracks to form. The results of al tested specimens are summarized in Table 2, which
includes the load at the initiation of the flexural crack (flexura cracking load), at the initiation of
the inclined shear crack (diagonal cracking load), and the failure (ultimate load). The flexura and
diagonal cracking loads were determined from the direct observation of the crack patterns during
the test. The stirrup strain measurements were aso used to determine the diagonal cracking load
as the load at which first significant increase of the stirrup strain crossing the inclined crack

occurred.
Table 2: Specimen properties and test results

. d c FIexu_raI Shea_\r Ultimate Max:
specimen mm mm mm b/d c/b Cracking Cracking Load Deflection
Load (kN) Load (kN) (kN) (mm)
Group (1)
Bl 250 200 250 125 1.00 35 171 397 11.62
B2 600 200 600 3.00 1.00 73 407 735 12.20
B3 800 200 800 400 1.00 95 540 809 9.45
B4 1000 200 1000 500 1.00 116 648 884 7.71
B5 1400 200 1400 7.00 100 160 869 1035 10.72
Group (I1)
B6 800 200 200 400 025 75 528 655 17.99
B7 800 200 400 400 0.50 80 537 736 13.73
B3 800 200 800 400 1.00 95 540 809 9.45
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Figure 3: Final crack pattern of tested specimens

4.2 Load-deflection relationships

The load-deflection curves for the tested specimens of group | at mid-span are presented in Fig.4.
As presented in this Figure, the general trend of the |oad-deflection curves was similar among the
tested specimens of this group despite the change of the width to depth ratio (b/d). The load-
deflection curves of specimens may be roughly described by abilinear relationship. Thefirst stage
starts from the beginning of loading to the point at which aninclined shear crack wasfirst observed.
In this stage, the beams acted linearly and the slopes (stiffness) were dependent on b/d ratio. The
second stage starts from the point of the inclined shear crack initiation to the point of the ultimate
load. Around the inclined shear cracking load, the stiffness generally started to decrease more
rapidly. For narrow beam (B1) with b/d ratio equals 1.25, the stiffness wasllittle changed. However,
for other specimens, the stiffness was considerably changed just after the inclined shear cracks
were initiated. Noted that the vertical axis indicates the machine load over the ultimate maximum
load to normalize the results for different widths.

67



Theload-deflection response of specimens of group Il are shownin Fig.5. In contrast to the typical
behaviour of RC membersin flexure, the specimensin this group did not exhibit a sudden or large
change of slope in the load-deflection plot at the initiation of flexura cracking. A non-linear
relationship with gradually reducing slope was observed for specimens to shear failure. The load-
deflection response for specimen (B3) started to exhibit a plateau after reaching the ultimate load,
mainly due to the non-linear behaviour of the longitudinal reinforcement. After some additional
deformation in specimen, a significant diagonal crack formed leading to a shear failure, then a
sudden and large drop in load was recorded at failure.
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Figure 4: Experimental curves of the machine load vs. mid-span deflection for Group (1)
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Figure 5. Experimental curves of the machine load vs. mid-span deflection for Group (I1)

4.3 Strains

In all specimens, the trend of the shear stress-strain plots for strain gauges installed on the web

reinforcement could be described by a tri-linear relationship. The first part of this relationship is

defined by aline starting at the origin and extending along the vertical axis up to the appearance

of the first inclined cracking. This behaviour indicates that, initially, the stirrups did not contribute

to the shear strength of the beam until an inclined crack developed. However after inclined
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cracking, the second region of the shear stress-strain relationship started and extended up to the
yielding strain of stirrups. At the beginning of this region, a small plateau related to the sudden
opening of an inclined crack could be observed in some strain gauges. Thethird region in the shear
stress-strain plots could be observed if the strain gauges installed on stirrups corresponds to a
yielding plateau that extended up to failure of the specimen or the de-bonding of the gauge.

For curves relative to narrow beam (B1), it appears that the tensile strain in inner stirrups the same
tensile strain in outer stirrups and equal to the 800 micro strain, it is clear that the shear stress
distribution on the width of the cross section is constant. However, for another wide-shallow beams
the average tensile strain in inner stirrups is 33% the average tensile strain in outer stirrups so that
indicates that the shear strain distribution on the width of the sectionisvariable as shown in Fig.6.
For specimen (B6) with support width equal to 25% of the beam width, the inner stirrups tensile
strain reached to yield strain (1209 micro strain), however the tensile strain of the outer stirrupsis
460 micro strain, 38% of yield strain. On the other hand, the behaviour of strains for specimen
(B3), full width supporting, is in the opposite way, the inner stirrups tensile strain reached to 417
micro strain (35% of yield strain), however the tensile strain of the outer stirrups reached to yield
strain as shownin Fig.7.
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4.4 Strain distribution on width of cross section

Fig.8 shows the strain distribution on width of cross section that was measured using a system of
LVDTs-based bulging gauges by measuring the vertical increase of member thickness caused by
diagonal cracking. By analyzing the curve of narrow beam (B1), the shear stressis approximately
constant over the cross section. However, the shear stresses for wide shallow beams have the
minimum values at mid-point and the maximum values of the outer face. For wide-shallow beams
(B2-,B3, B4 and B5), the shear stress at mid-point decrease by an average 27% compared with the
value at the outer face and this conclusion lead to that the width of the cross section is very
important parameter in design implication for shear. However, the changing of the column width
to beam width (c/b) from 25% to 100% has a strong effect on the shear behaviour of reinforced
concrete wide-shallow beams. Fig.9 shows a prominent influence on the shear strain distribution.
The shear strain trend of narrow column is contrasting to the trend of wide column, the maximum
strain at mid-width for narrow column but the maximum strain at face of the width for wide
columns.
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Figure 8: Shear strain distribution on cross width for specimensin Group (1)
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5 COMPARISONSWITH INTERNATIONAL CODES

Table 3 shows a number of predictive equations for the shear design formulas for beams in
different design codes. Fig. 10 reports the comparison between the experimental shear crack load
and the shear strength predicted by shear design formulas. It can be observed that ACI318-08,
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AASHTO LRFD-2005, and EC2-04 codes are un-conservative, however the estimations that
obtained by using CSA-A23.3-04 is conservative. This conclusion confirms the fact that the
contribution of concrete formals of the international codes must be recalibrated.
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Table 3 Predictive equations for shear strength of RC beams

Reference Predictive equation
ACI 318-08,2008 V,=0.17,/f'_bd
AASHTO LRFD,2005 V., =0.0835,/f'.bd
EC2,2004 Viy o = lCRd,ck (100p fok)%J bd
CSA A23.3-04,2004 V, =g 8/fbd
Where
Ve, VRrde The nominal shear strength provided by concrete.
fe’ The concrete compressive cylinder strength (MPa).
fex The characteristic concrete cube strength (M Pa).
b The web width of section (mm).
q The distance from the extreme compression fiber to the central axis of the longitudinal
reinforcement (mm).
B The factor indicating the ability of diagonally cracked concrete to transmit tension.
The strength reduction factor.
e The resistance factor for concrete.
p The tensile reinforcement ratio.
Ye The concrete partial safety factor.
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Fig. 10 Expermentd vs. Predicted shear force
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6 CONCLUSIONS

The behaviour of reinforced concrete wide-shallow beams under shear |oading has been analyzed
in this manuscript, focusing on the influence of width-to-effective depth ratio and support width
to beam width. Based on the experimental test results obtained in this study, the following
conclusions can be drawn:

1. The ratio between width-to-effective depth ratios (b/d) in wide-shallow beams seems to
significantly influence the mechanism of failure and the shear capacity.

2. Wide-shalow beams that were supported over a portion of their width had a decrease in
shear capacity over members with full width conditions. Capacity prediction models must
account for thisinfluence, to accurately estimate the failure strength of wide members.

3. For awide- shallow beams, simply-supported member supported on columns with partial
width, the distribution of strains in the concrete varies across the member width.
Furthermore, this distribution changes from that of typically higher strains in the outer
point to higher strainsin the middle point near the supports.

4. Most of current analytical formulations for shear disregarded the losses in shear resistance
due to different values of width-to-effective depth ratio (b/d) and support width to beam
width ratio (c/b).
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Abstract: This paper discusses Core Test and Load Test as a method to evaluate Structural
Strength for existing structural system. The primary objective of the two methods is to
assess structural strength, safety and serviceability. Failure in beams and roof Slabs
structural strength were targeted to determine the causes of the failure, and further
analysis has been done to suggest the best methods to repair the defected structural
system. In this paper a two-way roof slab system for two different vacant villas in Kuwait
City was inspected, at different construction time intervals. As a result, weakness in
concrete strength was present, and a deflection appears in roof slabs, also cracks
appeared in some of slabs and beams. Therefore, decision was made to do further
structural safety investigation, and study the causes of such failure. Load test and core
test according to ACI-318, were carried out to measure and evaluate the strength of the
existing concrete. The result indicates that the structural elements is unsafe, so a
necessitate procedure should be carried-out to support these elements, like re-design, re-
casting, adding additional structure support. Through investigation and analysis,
several reasons were found that leads for failure in concrete strength. Finally,
recommendations to assess the safety of the structure design is given.

Keyword: Concrete structure; Field test; Load test; Core test; In situ test; Two-way slab system.

1) Introduction

Structure concrete member, designed to resist different applied forces. Where the
compressive strength value for that member indicates concrete properties. Standard test
specimens (according to standard specifications and codes) are examined during
construction, to ensure concrete quality and potential strength. Repeated arguments in
whether the specimens standard test can represent in-situ strength of concrete,
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especially when the specimens result indicates noncompliance with the specification. In
such cases, a complicated problem is generated and immense argue will present, as the
conflict between the two parties (Contractor, Engineer consultancy Office) can end up in
worse positions than when they started the investigation. Compressive concrete strength
test is done by drilling cylinder specimens from suspected structural member, then sent
to a specialized laboratory to determine the compressive strength, it is very useful to get
result from different kind of tests. Core test is the most popular way to assess the
properties of the concrete in the structure [1]. The test result will be shown as a PSI
Number, that must be processed, and the strength value should be cautiously
interpreted, because core strengths are affected by a number of factors such as
diameter, I/d ratio and moisture condition of the core specimen, the direction of drilling,
the presence of reinforcement steel bars in the specimen and the strength level of the
concrete [4]. From general prospective, core test is ultimately needed to assess the
following:

1. Concrete potential strength.

2. Concrete actual strength.

3. Structure member capacity load design, actual loads and new additional load.

4. Structure deterioration factors like fatigue, chemical reaction, fire, and explosion.
2) Literature survey:
Core testing and Load testing of concrete structures in the United States is a century old
tradition with one of the earliest well-documented cases are found in the 1890s Birkmire
1894 [6] [7].
The American Concrete Institute began formalizing load test for concrete structures in
1920 [8] ACI [9]. At that time, the evaluation criteria for passing the load test focused on
maximum deflection under sustained load combined with the recovery of deflection after
the test load removed. Subsequent Codes ACI 1936 defined the deflection evaluation
criterion as a function of the span length squared and divided by the total depth of the
member cross section [1]. This form of the deflection criterion is still in effect ACI 2005.
Notable investigations into load testing of concrete structures are documenting the
practice of the last decades can be found in the literature Fitz Simons and Longinow
1975; RILEM 1984; Bungey 1989.[1],[10],[11],[12], [13]
3) Case Study:
In this research a site evaluation preformed on two-way solid roof slabs for two villas, to
identify the load level for each structure and causes of failure, with consideration to the
design and Implementation of Load Test and Core Test, also its focuses on evaluation
criteria and their significance, limitations and applicability. Those structure elements were
chosen carefully to represent an ideal case study. Site evaluation shows a deflection in
the center and diffuse cracks in top and Bottom faces of slabs, the slabs dimension is
(6.90 m x 5.25 m, 6.00 m x 6.20 m) and it supported by beams (6.00 m x
5.00 m).
The following summarizes the preliminary assessment of the structure and the sources
for the information used in designing the core test and load test.

First Case:

1. General description of the building:

A typical concrete frame and brick walls house, consists of basement, ground, 15t and 2nd
floor. The building was constructed in conventional method, built from reinforcement
concrete and the cement block walls (Figure 1, 2, 3). This study is carried out to assess the
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integrity of the Structural system of an existing building in Bayan area. An
architectural, structural drawings, and data available, as well results of concrete core

tests.

=
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Figure 3 basement floor plane

Figure 2 Ground floor plan

2. Optical inspection results
The cracks distributed at the positive and negative moment regions, and deflection in
center of slabs. Core test carried out of slabs and beam for assess the strength of the
existing concrete and look for reasons If its fail. A detailed optical inspection was carried
out to identify the apparent structural defects, and to compare between the actual
structural elements dimensions executed on site, and the design dimensions on the
drawings. Some information was gathered as follow:

e Inclined cracks in some beams type B17, CB1land CB5 in the ground roof.

e Cracks in some slabs, at the bottom in the ground roof (Figure 4).

e Changes in the color of the concrete slab roof in various places (Figure 5)

e Vertical cracks in beam B3 (Figure 6).

Concrete core samples were taken from various parts of the building. The results show
concrete compressive strength for beam CB5 is 130 kg/cm2, for beam B18 is 140 kg/cm?2,
and for the ground floor roof is 168 kg/cm2. The results indicate a weak concrete.
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3. Concrete tests

According to chapter 5.6.5.4. of ACI-318 specifications as follows: Concrete is
considered as constructively valid if the core test samples are provided with the
following two conditions:

e The strength average of three samples not less than 85% of concrete strength design.

e No sample presented with strength less than 75% of concrete strength design.

Five concrete samples core was taken from various places in the building (3 samples from
the beams and 2 from the ground roof slab) to determine the concrete's ability to bearing
the compressive strength of concrete and its quality. And for measure the actual
strength of the concrete. They were examined after 24 hours from extraction. The
following table shows the detailed results of concrete samples (Figure 7, 8, Table 1)

COMPRESSIVE
STRENGTHOF
CONCRETE CORES

Figure 8 Location of core test & Crack in Slab

4. Concrete compressive strength:

The specifications of the building stipulate that the compressive strength of concrete for
the slabs and beams should be not less than 250 kg/cm2 and columns 300 kg/cm?2.

The results were 208, 130, 205 kg/cm2 in the beams and 168, 170 kg/cm?2 in the slab.
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Samples CB3 and GS1 contain bars of reinforcement, which significantly affect the result,
and should be taken into consideration when using it in structural analysis. The strength
of GB2 beam decreases to 130 kg/cm2, about 52% of the required strength (Table 1,2).
The results show that the average strength of the beam and slabs samples is 188 kg/cm2,
which is equivalent to 75% of the imposed design strength of 250 kg/cm?. It is also noted
that three samples are less than 75% of the design strength imposed (Table 1, 2,3)

Table 1. Results of core test from INCO-LAB, KWAIT

= —— S At
DETERMINATION OF COMPRESSIVE STRENGTH OF CONCRETE CORE
Method of end preparation by saw Machine & Sulphur capping
Tes| Mo, 1 z e ] 4
Lenglh Recoversd (max){min.] () 1881150 18.9418.7 1560140 18.4917.9
Identificalion of Core CH & 218 Ced =]
Locailen _Beam
Direction of Drilling. _Horloontsl _
Average Diemater o) 9.4 B 9.4 9.4
Weight inair {om 1850.7 20512 18381 TidE
|Length after cilling . {cm) 124 | 128 11.8 12.8

! Length after preperation  {crd) 13,4 13.7 12.2 131

I. WVielume of core _ f_i:'.‘l:l'l‘_';l_‘__\_r_ _857.41 8B5.58 £05.34 ET4.78

! Ciensity of Specimen {grnfer’) 2875 2.290 2204 | 2228

| jLength/Diameter ratio 1.383 1.457 1298 [ 1284 |
Facior for estimated in-silu cube strength 1.12% 1.144 L N S P Y S

| |Diameler of the reinforcerment e MLA BLA 11 MA

i Distance of axis of bar from nearer end  {om) M. A 15 | MNA ]
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fiax, Load 81 Fallure (kMl 516 -5 | &8t 1 1023 |

I @Elﬁ'ﬂmmpmgsiw slrengih [Kgf'r_'rr.:} T4.75 BB 24_ 1 104.52 15015
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l1 Estimated in-situ cube strangthe  (Nimm©) a7 o7 11.2 16.6

! CONDITION OF CORES WHEN REGENED ¢ (WISUAL EXAMINATION}

| |Samplz Mo q £ o= L
jCement Appearence | ¥es | Yes |  Yes Tes i
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i Jwalds Small Senall Smal small | I
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!
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Consultant ¢ A Hadiva Office BS 1884 : Part 120; 1983
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Table 2. Results of core test

Specimen BC1 ‘ G(C1 FC-1 GS-2

1 | - Identification of the specimen: Beam

2 | - Location: Axes CB5 B18 CB6 B19

3 | - Average diameter (cm): 9.4 9.4 9.4 9.4

4 | - Weight in Air (gm) 1950.7 | 2051.3 | 1839.1 | 1949

5 | -Volume of core 857.41 895.59 805.34 874.76

6 | - Density of specimen (kg/m2) 2275 | 2290 | 2284 | 2.228

7| -Factor for estimated in situ cube strength | 1.1.25 1.144 1.101 1.127

8 | - Sectional area (cm2) 69.43 69.43 69.43 69.43

9 | - Maximum load of failure (KN) 53.6 58.7 69.1 102.2
10 | -Measured compressive strength 78.75 86.24 101.52 | 150.15
11| -Estimated in-situ cube strength (N/mmZ) 8.7 9.7 11.2 16.6
12| - Estimated insitu cube strength (kg/cm2) | 88.6 98.6 113.9 169.3

Table 1. Results of core test

Tests results indicate that ground roof slab design didn’t met the code ACI-318. Also, the
concrete mixture test result show weakness in concrete strength, due to failure in water
percentage in the mixture. It is necessary to verify the slabs in other ways as a load test
(Figure 9).

Table 3. Analysis of core test results

No -Strength of core test (kg/cmz) BC1 ’ GC1 FC-1 GS-2
1 |-Strength design value 250
2 Min. Computing =0.85* Fc 212.5
3 -Average Strength 117.6
4 |-Strength Not Less Than0.75*Fc 187.5
6 -Result Unverified | Unverified | Unverified | Unverified
—@—test —l—avarag —f&—min. ——notless
250
N% o £ £ A
> 200
~
é 150 /
8 [, {5 1 |
@ 100 — —
© T
e
= 50
5
N 0
1 2 3 a4

Number of Specimen

Figure 9 Strength of core test, average, min., not less

81/15



5. Study and Analysis:

It is clear from the study that the thickness of the slabs is insufficient as well as the
reinforcing steel in both directions. Absence of upper reinforcement steel, resulting in
cracks around the slabs and the sides of the beams, as there is no reinforcing in the
corners of the slabs causing additional cracks. The reduction of the cross-sectional
reinforcing steel in the B11 and the CB5 beam was also shown to be unsafe due to the
design and the weakness of the concrete, resulting in clear cracks. It is noted from the
design that the slabs are designed as simple support and should be designed as
continuous slabs with the knowledge that the reinforcing steel is properly positioned
and properly designed. The upper reinforcing steel was not extended to 22% of the
larger beam’s length in the adjacent beam, which is failure to follow ACI-318 design
code.

6. First case analysis:

The study shows that the structural elements in the building need supporting and
strengthening to enable the building to carry out the structural role required to ensure
the structural safety required for the building: The repair process should be designed for
defective structural elements by a consulting engineering firm specializing in repairs
Beams and slabs in which a landing by a specialized company and engineering
supervision should be repaired.

Second Case:

1. General description of the building:

The study was conducted for an existing building (villa) in the Salmiya area. The
information and data available are architectural and structural drawings, as well as the
results of concrete core tests and load test.

The building consists of a basement, ground, first, second floors, and a roof with two
rooms. The building was constructed as the structure shown (Figure 10)

e
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Figure 10 first floor roof slabs plan
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Optical inspection results:

From the observation and visual inspection of the building, there are many damages and
defects in structural elements:
1.1. Beams:

1.1.1.

1.1.2.

1.1.3.

1.1.4.
1.1.5.

1.1.6.

The air conditioning duct openings are near the beams support points (at the
high shear points), causing fractures and cracks in these places. (Figure 11).
The concrete cover of the steel reinforcing of the beams is insufficient as the
stirrups steel reinforcing have appeared from the bottom of the beam.

There are cracks around most of the air conditioning duct openings in the
beam:s.

Nesting and voids (honey comb) in concrete

Adhesion the bars of steel reinforcing in some beams, which prevents the
passage of concrete, causing a lack of cohesion between concrete and steel
There are inclined in some beams and lack of straightness (Figure 11)

R b T e s

!--—’. LR

o N A s bty

.

Core Location

Crack in beam
Figure 11 Core Location & Cracks in beams

1.2. Slabs:

1.2.1.

1.2.2.
1.2.3.

The presence of water in many areas in most of the slabs, indicating the
presence of cracks and deep fractures on the whole thickness of the slab
There are cracks and cracks up in some places to display 2 mm

There is a large deflection in the floors of the first floor (roof of the ground
floor) up to 5 cm in slabs S5, S8 and S9 in addition to the presence of deep and
many cracks on the perimeter of the slab sometimes reach the full thickness
of the slab (Figure 12)

Figure 12 Slabs S9, S8 after demolishing
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2. Core test:

10 concrete core test samples were taken from all parts of the building to verify the
quality and safety of the concrete in all floors, taking into consideration that they are
distributed so that each floor and all structural elements are represented, and the
following table shows in Table (4,5)

Table 4. Results of core test from MPW, KWAIT (N/mm?)

21.2 15.9 D el Sl o it epcti 4 PO el 1 Bo6 g _*
71.2 17.5 G spnch o b gt i i Bl4 o0 B7 |d—_r
21.2 18.3 B- taad e w1 M i i S3 Ak S8 i1
C 5.6 =]
22 12 Sl o e Y el i 4S9 AR5 S9 12
B-16-8 +H
21.2 16.9 s e a1 s i 5SS ahna S10 13
D-F 2-3 -
Z1.2 331 | IS speah e i g Clagen | CHT | 14
 ageg | i3 072 ipak %ot a bl La e &332 15
50 13.3 376 a2 290 232 0 CF 2 pand C23 6
=) 22.8 D Lo = 0 e o B9 Lo | BI2 17
T a1z 17.1 B oaeh e A0 gt e A BB et | BE3 | I8 L
212 | 139 Saeal e 1o et k.t S§akm | S14 | 19 |
D-F 6-8
 21.2 1.1 Samal e JY ot ikl g 53 akold S15 20
D-F 2 -1
Table 5: results of core test
No. Location of the specimen  Identification Number Cubic Strgh (kg/cm?) Result
1 9 Ground slab roof Beam B9 187 Unverified
2 10 Ground slab roof Beam B14 206 Verified
3 11 Ground slab roof Slab S3 215 Verified
4 12 Ground slab roof Slab S9 202 Verified
5 13 Ground slab roof Slab S5 199 Verified
6 15 First slab roof column Cl1 155 Unverified
7 16 First slab roof column c5 156 Unverified
8 18 First slab roof Slab S9 201 Verified
9 19 First slab roof Slab S8 164 Unverified
10 20 First slab roof Slab S5 150 Unverified

2.1. Measuring the actual thickness of the slabs
The actual thickness of the slabs that were taken from the core test specimen was
measured and compared with the design thickness. The following (table 6) shows the
actual thickness and the thickness of the design:

Table 6. Actual thickness of the slabs

No specimen slab design thickness (cm) | actual thickness (cm)
1 S3 S3 14 15
2 S9 S9 18 13
3 S10 S5 16 135
4 S18 S9 18 15
5 514 S8 18 15
6 S15 S5 16 13.5
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2.2. Concrete strength of core tests
According to the data above and to chapter 5.6.5.4. Of ACI-318 specifications conditions
for concrete core tests, it can be concluded as following:

2.2.1.

2.2.2.

2.2.3.

In basement, the average concrete strength of the slab is 67.2% of the design
value. In some area the concrete strength value as low as 59% of the design
value, which considered a failure in the concrete slab.

In ground floor, the average concrete strength of the slab is less than 82% of
the design value, which considered a failure in the concrete slab.

In first floor, the average concrete strength for the slab is equivalent 76.4% of
the design value. In some area the concrete strength value is 52% of the
design value, which considered a failure in the concrete slab. The thickness of
roof slabs was measured in the concrete core test samples and compared with
the design thickness according to the drawings and it was found 10% less.

2.3. Study and Analysis:
By comparing structural analysis of the core test results with the structural design
provided by the Engineering Consulting Office, it can be concluded as following:

2.3.1. Beams: The reinforcement ratio of some beams is greater than the
permissible, reinforcement ratio according to ACI-318, which makes the
method of failure surprising (Brittle mode of failure) in the case of increasing
the stresses of what the structural elements

2.3.2. Slabs: Inthe ground and first floor the slabs (S5, S8, S9) are unsafe structure.
Table (5,7), Figure 13

Table 7. Analysis of results core test
specimen B9 \ 314‘ s3 \ s9 \ S5 ‘c11 \ c5 ] s9 ] s8 ] S5

1 Strength design value 250
2 | Min. Computing =0.85* Fc 212.5
3 Average Strength 183.5
4 | Strength Not Less Than0.75*Fc 187.5
5 Test Reading (in-situ) 187 | 206 | 215 | 202 | 199 | 155 | 156 | 201 | 164 | 150

Result UnverVerifie\Verifi \Verifi \Verifi \Unver|UnverVerifie UnverUnver|

Strength of Specimen Kg/cm?

250

200

150

100

50

—0—test —fll—avarag —&—min.

A

[~

[

—3—not less

Number of Specimen
Figure 13 Strength of core test, average, min., not less
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3. Load Test:

3.1. Testing Procedure:
The next section shows the conceptual steps followed to:
e Determine the value of the total test load magnitude during a preparatory phase.
e Obtain the continuous structural assessment, during the load test performance.
e Obtain the real-time calibration of the test load according to the continuous
assessment of the boundary conditions through the measurement of selected
structural parameters.
3.1.1. Applying load Intensity test levels as recommended in Chapter 20 of ACI-318
3.1.2. Applying Load Test Protocols as recommended ACI standard, two
variables are considered for the principle evaluation:
e Dead load effect.
e Live load effect.
Total load (weight) applied on the tested deck slab calculated as
recommended in ACI- 318/318R [17], [18].
The Value test load shall be calculated as follow
Testload W=0.85x(1.4D+1.7xL) (1)
3.1.3. Load Configuration
The load was distributed uniformly on the three floor slabs,
measurement came the exact as in load testing resulting from factored
uniformly-distributed load, in terms of negative moment.
The ACI requirements and standards for the structural using condition
must be considered and limited by two variables that are [16],[17],[18]:
e Maximum Deflection and.
e Rebound Deflection or Residual Deflection.
According to ACI 318/318R, the maximum deflection and the rebound deflection are
A max < L2 /20000 h (2)
Arebound < Amax/4 (3)

Where: A max is the maximum deflection
A rebound is the rebound deflection or Residual Deflection
Lis length of slab on the short side, and h is thickness of slab

3.1.4. Load Testing Procedure
» Dial gauges with magnetic base, installs into the slab structure in several
points, where dial gage no.3 (G1) is installed at the middle of the slab.
(Figure 13).
» Initial deflections, and temperature prior the testing should be recorded.

» Load should be increased gradually (0% - 25% - 50% - 75% - 100%) of the
maximum load, while each load stage held for 1 hour, and for the maximum load
(100%) it should held for 24 hours.

» After 24 hours, load is decreased gradually (100%- 75%- 50%- 25% - 0%)

» each released stage is held for 1 hour, and after releasing all load it must held
for 24 hours.

The load test for the roof slabs and beams results as follows Figure 14 and Table 8:
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Figure 13 Digital gauge and magnetic holder

(The load test was carried out by the Government Inspection Center of the Ministry of
Public Works-Kuwait)
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Figure 14 Ministry of Public work

inspection reports
Table 8. Analysis of load test results

No Statement Slab1 Slab2 Slab3
1 | Identification of the specimen &Location S5 S8 S9
2 | Dimensions (m): 6.05*5.80 5.25*4.60 4.50*4.00
3 | Thickness (cm): 18 14 14
4 | Dead Load :1) Own Weight (Kg/m?) 450 350 350
5 2)Covering Load (Finishing) (Kg/m?) 200
6 | Total Dead Load (TDL) (Kg/m?) 650 | 550 | 550
7 | Live Load (Kg/m?) 250
8 | Total Load (Kg/m?)=0.85x (1.4 D. L+ 1.7 L.L) 1134.75 1015.75 1015.75
9 | Test Load =Total Load — TDL (Kg/m?) 484.75 465.75 465.75
10 | Max. Allowable Deflection =L2/20000*T(mm) 9.34 5.7 7.56
11 | Max. Measured Deflection (mm) 8.27 5.05 6.95
12 | Remarks: This slab as Requirement of ACI-318 Satisfy Satisfy Satisfy
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After the test, cracks have been developed in one side and smaller one at opposite
side. Deflection values that occurred after the tests was acceptable according to the
ACI-318 code. The ratio of the existing reinforcing steel is greater than the maximum
percentage, it indicates that the concrete strength will reach its maximum value
before the steel reaches to the yield point.

4. Second Case Identification of damage causes:

According to drawing design, and core test and load test analysis for the concrete,
with reference to the nature of the damage and its shape. Damage causes can be
summarized as follows:

4.1. Concrete is Non-conforming to the required specifications in the roof

slabs.

4.2. Poor roofs slabs implementation, where thickness of many slabs does not
match the drawings, causing distortions and large cracks in slabs.

4.3. Poor installation of steel bars, where the required distances between the bars
were not considered, which led to a weak link between the concrete and steel,
where voids occurred in concrete.

4.4. Lack of sufficient concrete cover for many structural elements

4.5. Un satisfactory fitting of air-conditioning openings, especially in the high cut
points of beams.

5. Methods of treatment and repair:

5.1. Due to the weak of concrete and many cracks in the slabs of the ground and

first roof, it must be demolished and re-poured, with proper reinforcement

procedures that extend to adjacent slabs.

5.2. Strengthening the identified beams, using appropriate steel section, and strong
adhesive materials like (epoxy materials).

5.3. Reinforcing the defected columns with appropriate steel sections.

5.4. Apply epoxy layer to the old concrete faces where they are bonded with the
new concrete before casting directly [15].

6. Conclusions and Recommendations:

This paper presented methods to evaluate Structural Strength, using Load and
Core Tests, it also present methods to analysis the Causes of Structural Strength failure:
based on the results obtained from the tests, site investigation, and structural design
drawing. For the two vacant villas, structure strength tests were conducted, and data
has been analysis. As a result, Core test and the load test in-situ prove that the ACI-318
code gives logical results and expressive status, for structural component strengths. The
causes of weak slabs and beams resulted from weak of design and defect in
implementation. The tests showed that the concrete slabs were more elastic as the
recovery deflection was relatively large compared to the initial deflection. quality
control and weak audit of these designs. Failure to fulfill the requirements and
specifications of the international codes and feeble monitoring, neglection to apply
technical conditions, and weak Supervision on the construction site, was the main
causes to failure in the structure.
In the first building (Bayan), beams should be supported by steel beams to support the
structure to withstand the loads. Cracks should be repaired by epoxy products. The
second building (Salmiyah), slabs (S5, S8, S9) should be demolished and recasting
concrete accordance to ACI-318 specifications.
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Abstract

Deciding membership function of an object to uncertain class of objects in an
information system is essentia particularly, all things considered, displaying issues. This
paper will present a comparison between different ways of constructing membership
function of an object. We initiate a concept based on dissimilarity and similarity between
objects using values of their features. The fundamental tool is classes resulted from
dissimilarity and similarity. We will also express a classification relation and minimum
and maximum memberships correspond to these classifications.

Keywords. rough membership, dissimilarity measures and similarity.
1. Introduction

Organizations need information to analyze problems, control their work, make
decisions and produce new services. The information system handles and processes
information which can be considered the backbone of organizations. Information systems
are in every branch of our daily life such as education, finance, healthcare, businesses, and
government. A tool to dea with the uncertainty of these systems became an utmost
necessity. Rough set theory was presented by Pawlak [1-3] in 1980's to deal with uncertain
data or incomplete knowledge. Rough sets handled the uncertainty of data depending on
approximations and equivalence relations. Another issue of classification is clustering
which has many methods and the more similar objects in the same cluster than the
dissimilar objects in a different cluster under a specific condition. The nature of collected
data determines the measuring criteria of similarity. Algorithms of quantitative and
gualitative data, graph diagrams, and similarity and dissimilarity measures were presented
[4-7]. Membership of an object to a set is an important issue to identify participation of
each object in this set. Membership was discussed [8] from a topological view which was
extended from the definition of rough membership function[9].Topological space has an
intersection between basis but rough set classes have no intersection. [10] discussed the
opinion of classes intersection in rough set and introduced a membership of an object to a
class. In this case, an object can belong to more than one class, so it has different
memberships minimum, maximum and average. From this point of view, we will introduce
a membership function of an object to a set depending on the dissimilarity measures and
similarity between objects. We will also define relations or classes then determine the
membership of an object to a set. Comparison between minimum, maximum and
membership of topologica view will be mentioned. The decison of most, least
membership value can be chosen by the expert.
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The next sections of this paper is developed to preliminaries used in the paper, section
two presents main definitions, results and examples. Section three is reserved for the more
results and illustrations.

2. Prediminaries

In this section, we will mention some essentia basics and definitions of rough set and
information system representation. The dissimilarity and similarity between attributes of
objects esteem are presented. Likewise, the membership of rough set and topology is also
mentioned.

Definition 2.1 [1]

The information system is a pair S = (U, A), where U is a nonempty finite set caled the
universe and A is a nonempty finite set of attributes. Every attribute a € A is a total
function a: U — V, , where V, isthe set of values of a called the domain of a.

Definition 2.2 [1]

Let B be a subset of attributes A (B c A) , a binary relation IND(B) caled
indiscernibility relation is defined as follows:

IND(B) ={(x,y) €EU?:Va€B,a(x) = a(y)}
So IND(B)isan equivaence relationand IND(B) = Ngeg IND (a)

This view classify the objects depends on the equal features between objects as a result of
this there is no intersection between relations.

Definition 2.3[7]

Let aninformation system S = (U, A) and two objects x,y € U described by a,, attributes
subset of . Mismatches of the attributes between two objects are the dissimilarity measures
which is defined as

k
A(y) = ) 8@ @), 60))

Where

0: a;(x) =a;(y)
1: a;(x) # a;(y)

This can be considered as another view of an information system classification. The
produced classes are relations of dissimilarity between objects. The similarity between
objects is the opposite way of dissimilarity or ssmply the number of matches between two
objects.

8@, a:)) = |
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Definition 2.4 [9]

Let S = (U, A) be an information system and let @ # X < U. The rough S-membership
function of the set X, denoted by w3 is defined as follows

s _[x]anx]
uy(x) = Tl forx e

Definition 2.5[8]

Let 7 be a topology on a finite set U, where its base is ,then the rough membership
functionis

[{NBxINX|
e = LR g e g xeU

We will cal thisdefinition rough-topology membership function in the following section.
3. Results

In this section, we will illustrate the previous definitions and introduce a comparison
between membership views. We will also work on the resulted relations of the dissimilarity
and similarity relations.

Definition 3.1

Let an information system S = (U,A) and two objects x,y € U are described by a,
attributes subset of . The matches of the attributes between two objects is the similarity
between objects which is defined as

k
sG6Y) = ) M@, a()

Where

raaon [}, 40140

Definition 3.2

Let S = (U, A) bean information system, x; and x; subset of objects and x; R x; represents
the relation between them which is resulted from the dissimilarity measures and similarity
representation can be defined as

x; R = {x;:x; R x;} where d(xi,xj) # 0 and s(xl-,x]-) *0
These relations are considered a classification of objects with respect to dissimilarity and

similarity between objects. We will use these classes instead of the classical classes of an
indiscernibility relation.
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Example 3.1

The following information system in Table 1 consists of 5-objects {x4, x5, x3, x4, x5} and 3-
attributes {a,,a,, as} .

attributes

v a az as

X1 1 5 20

Xy 1 9 10

X3 1 5 10

X4 4 8 15

X5 3 5 20

Table 1 an information system

X1 X2 X3 X4 Xs5
Xy 0 2 1 3 1
Xy 2 0 1 3 3
X3 1 1 0 3 2
X4 3 3 3 0 3
Xg 1 3 2 3 0

Table 2 dissimilarity measures representation

Table 2 represents the dissimilarity measures of an information system of Table 1
and we apply Definition 2.3. This table represents the number of different attributes which
can be considered dissimilarity representation of an information system. Each valuein this
table represents the number of the corresponding attributes of objects are far away from
each others. Each value of Table 2 takes 4-values 0,1,2 and 3 because we have only 3-
attributes. The value 0 means the corresponding 2-objects have an identical value for all
attributes. The value 1 means only 1-mismatch attribute between the 2-objects. The value 2
means 2-mismatches between attributes but, value 3 means there is no match at all between

objects.

It's obvious that similarity between objects is the complement of dissimilarity
measures. Similarity can be obtained using Definition 3.1 to take 1 if the two objects have
the same value and vice versa

Xq X, X3 X4 Xs
X 3 1 2 0 2
X, 1 3 2 0 0
X 2 2 3 0 1
X 0 0 0 3 0
X 2 0 1 0 3
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Table 3 similarity representation

Table 3 shown represents the similarities between objects of table 1. We can
observe that this table is the opposite of Table 2. The number of matches between objects
is calculated instead of the number of mismatches. So the value 3 means the two objects
are identical, but value 0 means there are no matches between objects. The value 1 and 2
mean there is one-match and two-match between objects, respectively.

The resulting classes of Table 2 using Definition 3.2 are

x1 R = {x3,%3, %4, X5}, X2 R = {X1, X3, %4, X5}, X3 R = {x1, X2, X4, X5}
X4 R = {x1,%2,%3, %4}, x5 R = {X1, X3, X3, X4}

And classes of Table 3 are

x1 R = {x1, x5, %3, %5}, %3 R = {x1, %3, x5}, X3 R = {x1, X3, x3, x5}

x4 R ={x4}, x5 R = {x1, x3, x5}

We also observed the intersection between classes of dissimilarity and similarity alike
classes of an indiscernibility relation.

Membership function is an important concept which identifies the participation of
an object with respect to a set. From the above relations, we can observe that an object
participates in more than one class so it can have more than one membership value with
respect to the class. In the following, we will calculate rough membership of Definition 2.4
according to the classes of dissimilarity and similarity representation, respectively.

To caculate the membership, we should choose a set X so we will choose random sets,
then we will apply Definition 2.4.

Casel: X = {xq,x3}

uy (x;) with respect to x; R
objects x; R x, R x3 R x4 R xs R

Xy - 1 1 1 1
4 2 2 2
% I - I I I
4 2 2 2
2 i I : I I
4 4 2 2
X4 1 1 1 - 1
4 4 2 2
% i i I I -

4 4 2 2

Table 4 membership of case 1 dissimilarity representation
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Case2: X = {xl,xZ,x:;}

wy (x;) with respect to x; R
objects x1 R x, R x3 R x, R x5 R

Xy - 1 1 3 3
2 2 4 4
X2 1 - 1 3 3
2 2 4 4
X3 l l - E E
2 2 4 4
. I 1 I - 3
2 2 2 4
Xs 1 1 1 3 -

2 2 2 4

Table 5 membership of case 2 dissimilarity representation

Case3. X = {xl,xz,xg,x4}

wy (x;) with respect to x; R
objects x1 R x, R x5 R x4 R x5 R
% - 3 3 3 1
4 4 4
= 3 - 3 3 1
4 4 4
X3 3 3 - 3 1
4 4 4
X4 3 3 3 = 1
4 4 4
Xs 3 3 3 3 -
4 4 4 4

Table 6 membership of case 3 dissimilarity representation

From Table 4 to Table 6, we can say that each object has a membership to X with
respect to the corresponding x; R which contains the object. And membership value of al
objects belongs to x; R with respect to X are equal. We need to have only one membership
value of an object so we can choose minimum or maximum membership. In the following,
we will apply Definition 2.5 in each case and compare the result with our previous results
considering the minimum and maximum membership.

objects Rough membership Rough-topol ogy
Min Max membership
X1 1 1 1
4 2
Xy 1 1 1
4 2
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X3 l 1 0
4 2

X4 l 1 0
4 2

X5 l 1 0
4 2

Table 7 dissimilarity representation membership comparison of case 1

objects Rough membership Rough-topol ogy
Min Max membership
Xq l E 1
2 4
X2 l E 1
2 4
X3 1 § 1
2 4
X4 l E 0
2 4
Xsg 1 § 0
2 4

Table 8 dissimilarity representation membership comparison of case 2

objects Rough membership Rough-topol ogy
Min Max membership
Xy 3 1 1
4
Xy 3 1 1
4
X3 3 1 1
4
X4 3 1 1
4
X5 § 1 0
4

Table 9 dissimilarity representation membership comparison of case 3

From Table 7 to Table 9 we illustrate the comparison in each case and topological
view of classes taking into account the intersection between them. But in our case resulting
classes only intersect on one object. As a result of this, the membership is 1 and 0
according to the object belongs or not belongs to X, respectively. This makes the
membership like the case of the classical crisp set. In some cases the maximum rough
membership value equal to the topological rough membership value. This gives a chance to

choose between more than membership value according to the problem we have.

In the following, we will aso make a comparison of each case, but we will take into
account similarity between objects and their corresponding classes. Tables will consider
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the resulting minimum and maximum of rough membership then we will compare them
with the topological view of rough membership.

objects Rough membership Rough-topol ogy
Min Max membership
X1 l 1 l
3 2 2
Xz 1 1 2
3 2 3
X3 l 1 1
3 2 3
X4 0 0 0
Xs l 1 l
3 2 2
Table 10 similarity representation membership comparison of case 1

objects Rough membership Rough-topol ogy
Min Max membership
X1 E 5 1
3 4 2
X2 z § E
3 4 3
X3 z § E
3 4 3
Xy 0 0 0
X5 E E 1
3 4 2
Table 11 similarity representation membership comparison of case 2

objects Rough membership Rough-topol ogy
Min Max membership
Xy 1 3 1
2 4 2
X2 1 E E
3 3 3
X3 1 § E
2 4 3
X4 1 1 1
Xs l E l
2 4 2
Table 12 similarity representation membership comparison of case 3

We can conclude from the above comparison that in some cases, there is a match among
minimum or maximum membership and topological membership values. In other cases,
the value of topological membership is O but minimum and maximum values are not and

97



the opposite is true. This gives us avariety of choice and we can take a decision according
to our desire.

Conclusion

The proposed strategy for developing another view of membership function based on
dissimilarity and similarity can help in decision making of uncertain issues. This view is
constantly hard to be developed so our technique can take care of new issues of areas in
socia, financial aspects, arithmetic, and so on.
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ABSTRACT

The removal of hexavalent chromium from wastewater on the Na-bentonite and
activated carbon has been studied under static conditions. Experiments were carried
out as a function of solution pH, dosage of Na-bentonite and activated carbon contact
time, agitation speed and temperature. The adsorption equilibrium for hexavalent
chromium on to Na-bentonite is reached in 120 min. the adsorption of hexavalent
chromium is pH dependent in the pH range 1-4, the kinetic process of adsorption can
be described by the pseudo-second order kinetic equation excellently and the
adsorption isotherm be fitted to the langmuir and freundlich model by means of
regression analyses very well. Finally it can be seen that Na-bentonite was favorite to
be effective for removal of hexavaent chromium than activated carbon under the
same experimental conditions.

Keywords
Na-bentonite; Hexavalent Chromium; Adsorption; Isotherm; Kinetics

1.INTRODUCTION

Industrial wastewater contaminated with heavy metal is commonly produced
from many kinds of industrial processes there for, is this wastewater is not treated
with a suitable process; it can cause a serious environmental problem in the natural
eco-system [1, 2]. Tannery effluent is a major source of aguatic pollution in Egypt
with high hexavalent chromium [3]. Water of high quality is essential to human life
and of acceptable quality is essential for agriculture, industrial, domestic and
commercial uses. All this activities are also responsible for polluting the water.
Billions of gallons of waste from all this sources are thrown to fresh water bodies
everyday [4].

The requirement for water is increasing while slowly all the water resources are
becoming unfit for use due to improper waste disposal [5]. The task of providing
proper treatment facility for all polluting sourcesis difficult and also expensive; hence
there is pressing demand for innovative technologies which are low cost, require low
mentainence and are energy efficient [6]. The adsorption technique is economically
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favorable and technically easy to separate as the requirements of the control systemis
minimum [7].

Hexavalent chromium Cr (VI) compounds are being used in a wide variety of
commercial processes and unregulated disposal of the chromium containing
effluents has led to the contamination of soil, sediment, surface and ground waters.
In trace amounts, chromium is considered an essential nutrient for numerous
organisms, but at higher level, it is toxic and mutagenic. nearly80% of the tanneries
is engaged in the chrome tanning processes. Most of them discharge untreated
water into the environment. In such aqueous waste, Cr (VI) is present as either
dichromate (Cr,07)? in acidic environments or as chromate (CrO4)? in alkaline
environments. Chromium compounds were employed in textile coloring and leather
tanning processes. The principle chromium emissions into surface waters are from
metal finishing processes such as electro- plating, pickling and bright dipping [8].

Pollution of soils occurs as result of the dumping of chromate wastes such as
those from tanniers or electroplating and from sewage sludge disposal on land [9].
Uncontrolled emissions have greater potential for contaminating the fresh waters
with relatively toxic from Cr (VI) , which exists only as oxy species and is strongly
oxidizing other small discharges of Cr (VI) are from the additive in circulating waters,
Landry chemicals [10].

In this article, the technical feasibility of low cost (adsorption), and locally
available adsorbents bentonite and activated carbon for heavy metal removal Cr (VI)
ion, from contaminated water has been reviewed. This work is intended to remove
Cr (VI) from aqueous solutions on to bentonite and activated carbon as an effective
and low cost.

In the present investigation, to estimate the amount of chromium ions present
in its aqueous solutions after treatment and the removal of chromium from
wastewater using bentonite and activated carbon as an adsorbents are attempted.

The present work is also aimed at fixing the optimal conditions such as pH,
equilibrium time (for batch mode technique), dosages of adsorbent and initial
concentration on the adsorption efficiency of Cr (VI) ion from wastewater by
bentonite and activated carbon besides for effective removal of chromium; To
evaluate the equilibrium of adsorption process using Langmuir and freundlich
isotherms. Meanwhile, the kinetics of Cr (VI) ion adsorption on bentonite and
activated carbon also analyzed using pseudo-second order kinetic models[11].
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2. MATERIALSAND METHODS

2.1. MATERIALS AND REAGENTS

All chemicals used in the present investigation were either of analytical reagent
(AR) or laboratory reagent (LR) grade and were used as received. K2Cr20O7, H2SO4
(98% w/w) supplied by BDH chemicals Ltd. Distilled water was used in al
preparations. Potassium dichromate (K2Cr207) with 99% purity and deionized water
were used to prepare synthetic chromium containing wastewater. Powder activated
carbon (PAC) produced from natural origin by ADWIC was used as adsorbent as well
as American Wyoming calcium bentonite used in Alexandria Company for
Refractories.

2.2 ADSORBENTSANALYSIS

Two different materials were used in order to examine the removal of Cr*® from
agueous solutions. Powder activated carbon (PAC) and bentonite (clay) were supplied
from ADWIC and Alexandria Company for Refractories, respectively. The surface
area and particle size analyses for the two adsorbents were checked (Table 1).
Elemental analysis for bentonite was evaluated using x-ray fluorescence (Philips PW
1390) as shown in (Table 2).

Table 1.Surface area and particles size analysis of activated carbon and bentonite.

Adsor bents
Activated Carbon Bentonite
Analysis
Surface Area (BET)
Nova 2000
931.9 m?/g 119.8 m?/g (dry)
Quantachrome
Size Wt. % Size Wt. %
Particle size (XRD) (micrometer) 2.75 (micrometer) 1
Philips PW 1730 32-16 55.89 >63 1
16-8 16.03 63-32 2
84 4.19 32-16 3
<2 16-8 2
84 4
4-2 87
<2
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Table 2. Elementa analysis for bentonite was evaluated using x-ray fluorescence
(Philips PW 1390).

Oxides (wt.%) Bentonite
SiO2 (%) 55.89
Al,03 (%) 16.03
Fe203 (%) 4.19
CaO (%) 3.25
MgO (%) 2.75
K20 (%) 0.49
NaO (%) 0.34
TiO2 (%) 0.15
P20s (%) 0.086
SOs3 (%) 0.23
LOI (%) 17.2

2.3 APPARATUS AND TECHNIQUE

Magnetic hot plate stirrer was used to stir the heavy metal solution with
adsorbents (activated carbon or bentonite). A definite volume of heavy meta ion
solution with a known initial concentration is stirred with a definite amount of
adsorbent for certain time at fixed temperature and agitation rate. pH of the solution

was measured by digital pH meter (Model p pH system-361, India).

24 EXPERIMENTAL PROCEDURES

Potassium dichromate (K2Cr20O7) and redistilled water were used to prepare a
stock solution with a concentration of 1000 ppm Cr(VI) which was diluted for
preparation of standard and test solutions. Several solutions with different initia
concentrations of potassium dichromate (50, 100, 200, 300 and 400 ppm) were
prepared. The required pH was adjusted by drop wise addition of 0.1 N H2SO4
depending on the acidity of the sample. All experiments were carried out at 25°C by
adding different amounts of adsorbents (0.1, 0.3, 0.5, 0.7 and 1.0 g) to different
concentrations of 250 ml of heavy metals ions solution. The agitation rate for all
experiments was 200 rpm and the residence time was (0, 15, 30, 45, 60, 75, 90 and
120 min).
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1 ml of Sample was taken from reaction solution and diluted to 10 ml by
redistilled water, the solution is then separated from the adsorbents by using filter
paper (Watman No. 40) and the residual Cr*® concentration in the solution is then
determined by atomic-absorption spectrophotometer (AAS).

The effects of several parameters, such as contact time, initial concentration,
adsorbent doses, pH and temperature on the adsorption of Cr(VI) ions on activated

carbon and bentonite were studied.

25ANALYTICAL METHOD

Atomic absorption spectrophotometry utilizes the phenomenon that atoms
absorb radiation of particular wavelength. By atomic-absorption spectrophotometer
AAS (Mode, AA55; Varian Inc.,, USA), The metals in water sample can be
analyzed. It detects the concentration of Cr(VI) in ppm level in the solution and the

volume of sample required isonly 1 ml for one analysis.

2.6 DATA ANALYSIS
The uptake of Cr(VI) ions was calculated from the mass balance, which was
stated as the amount of solute adsorbed onto the solid. It equals the amount of solute

removed from the solution. Mathematically, it can be expressed by Eq. (1):

e = (Ci-Ce)/S 1)

where:
ge the heavy metal ions concentration adsorbed by an adsorbent at
equilibrium (mg of metal ion/g of adsorbent)
Ci istheinitial concentration of metal ionsin the solution (mg/L).
Ce is the equilibrium concentration or final concentration of metal ionsin
the solution (mg/L).
S the dosage concentration and it is expressed by Eq. (2):

S=m/\V, )

where V istheinitial volume of metal ions solution used (L) and mis
the weight of dried used adsorbent (g).
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The percentage of adsorption (%) is calculated using equation (3):

% adsorption = [(Ci-C¢)/Ci ] x 100  (3)

3. RESULTSAND DISCUSION
3.1 EFFECT OF CONTACT TIME

The experiment of adsorption as a function of contact time was conducted at
known initial concentration of Cr(VI) metal ion, dose of 4 g/L for both activated
carbon and bentonite (Fig 1). It is easily seen from Fig 1 that the percentage removal
of Cr(VI1) metal ions increased with increasing the contact time. The % removal was
73% for activated carbon and 77% for bentonite after 120 min. It is clear that, at the
beginning % removal increased rapidly in few minutes. By increasing contact time, %
remova increased lightly and slowly till reach maximum value and this can be
explained on the basis that, initially a large number of vacant surface sites may be
available for adsorption of metal ions, and by time the surface sites become exhausted
[12]. These results indicate that the activated carbon and bentonite have a very strong
capacity for adsorption of Cr(VI) ionsin solution.

% Removal of Cr*®
B
o
.

10 4 —m— 4.0 g/l activated carbon
—0— 4.0 g/l bentonite

T T T T T T
0 20 40 60 80 100 120
Time (minutes)

Fig 1. Effect of contact time on Cr*® remova (conditions; adsorbate initial conc.,
400 mg/L; pH, 2.0; adsorbents dose, 4 g/L ; agitation speed, 200 rpm and temperature, 25
‘C).
3.2 Effect of Adsorbent Dose

The percentage adsorption of Cr*® on activated carbon and bentonite was
studied at different adsorbent doses (0.4, 1.2, 2.0, 2.8 and 4.0 g/L), keeping pH
(2), temperature (25°C), contact time (120 min) and initial Cr*® ions
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concentration of (400 mg/L) constant Fig 2. The results showed that with
increasing in adsorbent dose, percentage adsorption of Cr*® was increased and
the maximum removal was observed with adsorbent 4 mg/L for activated
carbon and bentonite. Increasing the percentage of adsorption with adsorbent
dose may be due to the increase in adsorbent surface area and availability of
more adsorption sites [13,14]. But unit adsorption was decreased with
increasing in adsorbent dose Fig 3. This is may be due to overlapping of

adsorption sites as aresult of overcrowding of adsorbent particles[14].
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76 1
74 1
721
701
68 +
66

% Removal of Cr'®

64 4

—m— activated carbon
—O— bentonite

62+

60 T T T T T T T T
00 05 10 15 20 25 30 35 40

Adsorbent dose (g/l)

Fig 2. The effect of variant activated carbon or bentonite adsorbent dosage (0.4,
1.2,2.0, 2.8, and 4.0 g/l) on the removal of 400 mg/l Cr*® ions from wastewater at
contact time, 2 h, temperature, 25°C and agitation speed, 200 rpm.

—m— activated carbon
—O— bentonite
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Fig 3. The effect of variant activated carbon or bentonite adsorbent dosage
(0.4,1.2, 2.0, 2.8, and 4.0 g/L) on the quantity adsorbed of 400 mg/L Cr*¢ions
from wastewater at contact time, 2 h, temperature, 25°C and agitation speed, 200 rpm.
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3.3EFFECT OF INITIAL CHROMIUM (VI) IONSCONCENTRATION
The initial heavy metal ion concentration is an important parameter in
adsorption since a certain amount of adsorbent can adsorb a certain amount of heavy
metal. The percentage removal of Cr*® was studied by varying Cr*® concentration
from 50 to 300 mg/L with 4 g/L adsorbent doses of activated carbon and bentonite at
pH (2), temperature (25°C) and contact time (120 min) isillustrated in Fig 4.
The results presented in Fig.4, showed that the percentage Cr*® adsorption was
decreased with increasing in initial concentration. But the actual amount of Cr*®
adsorbed per unit mass of the adsorbent was increased with increasing in Cr*®
concentrations in the test solution, Fig 5. According to these results, the initial Cr*®
ions concentration plays an important role in the adsorption capacities. Higher
concentrations of metal ion were used to study the maximum adsorption capacity of
adsorbent [15, 16].

90

—m— activated carbon
—O— bentonite

80

704
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% Removal of Cr*®

50

40

T T T T T T
50 100 150 200 250 300
initial conc. (mg/L)

Fig 4. The effect of initial concentration (namely 50, 100, 200 and 300 mg/l) on removal
of Cr*8 ions (conditions; adsorbents dose, 4 g/l; agitation speed, 200 rpm and temperature, 25°C).
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Fig 5. The effect of initial concentration (namely 50, 100, 200 and 300 mg/l) on
quantity adsorbed of Cr*é ions (conditions; adsorbents dose, 4 g/l; agitation speed, 200

rpm and temperature, 25°

3.4 EFFECT OF pH ON THE UPTAKE OF Cr*®

The pH of the solution is an important variable which controls the adsorption of
the metal ions at the solid-water interface. Hence, the influence of pH on the
adsorption of Cr*® on activated carbon and bentonite was examined in the pH range 1-
4. The results were presented in Fig 6, it showed that the adsorption capacities of Cr*®
onto both adsorbents increases significantly with decreasing pH value and the
maximum removals of Cr*® by both adsorbents for contact time (120 min) were
carried out at pH (2). The improved removal of chromium(VI) at low pH is probably

due to reduction of hexavalent chromium to trivalent chromium [17], EqQ. (4) .
Cr072 + 14H" + 6t — 2Cr*3 + 7H,0 4
Also at low pH, there is presence of a large number of H™ ions, which in turn

neutralize the negatively charged adsorbent surface thereby reducing hindrance to the

diffusion of dichromateions|[18].
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Fig 6. Effect of pH for the adsorption of Cr(VI) ions onto activated carbon
and bentonite at 25°C.

3.5 EFFECT OF TEMPERATURE

Fig 7 indicates the effect of temperature on the removal efficiency of Cr*® ions
from wastewater using activated carbon and bentonite. Four different temperatures
were considered in this study (25, 30, 35 and 40°C). The figure showed that the
removal efficiency increases by increasing the temperature, where the maximum
adsorption (76% approx.) is achieved at 40°C in case of activated carbon. The
augmentation of the removal efficiency by stepping up the temperature are due to:
Firstly, the higher temperature activates the metal ions for enhancing adsorption at the
coordinating sites of the adsorbent, and the metal cation more faster [19, 20].
Secondly, acceleration of some originally slow step(s) and creation of some new
activation sites on the adsorbent surface [21]. Herein, the phenomenon can be
observed in both adsorbents, but activated carbon is affected much higher than in case
bentonite Fig 7.
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Fig 7. The effect of temperature between 25 and 40 °C for the removal of Cr*® ions
from wastewater (conditions; adsorbate initial conc., 400 mg/L; pH, 2.0; adsorbents
dose, 4 g/L; agitation speed, 200 rpm and contact time 2 h).

3.6 ADORPTION ISOTHERMS

Several models have been used in the literature to describe the experimental data
of adsorption isotherm. The Langmuir and Freundlich models are the most frequently
employed to describe equilibrium [22]. The Langmuir isotherm is based on the
theoretical principle that only a single adsorption layer exists on an adsorbent and it
represents the equilibrium distribution of metal ions between the solid and liquid
phases. The basic assumption of the Langmuir adsorption process is the formation of
amonolayer of adsorbate on the outer surface of the adsorbent and after that no
further adsorption take place. The Langmuir-type isotherm remains to be the most
widely used for practical application. The Langmuir isotherm for pure component
adsorption can be obtained from Eq. (5):

Ce/Qe = 1/(Qmaxb) + (1/qmaX) Ce (5)

Where gmax IS the maximum metal ions uptake per unit mass of adsorbent (mg/g),
which is related to the adsorption capacity and b is Langmuir constant (L/mol) which
is exponentialy proportional to the heat of adsorption and related to the adsorption
intensity. Therefore, a plot of Cd/ge versus Ce gives a straight line of slop 1/gmax and
intercept 1/(gmax b) as shown in Fig 8.
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Zeldowitsch (1934) [22], assuming an exponentially decaying function of site density
with respect to heat of adsorption and obtained the classical empirical isotherm, Eq.

(6):

Inge = InKt + 1/n INCe (6)

This is known as Freundlich isotherm. The Freundlich adsorption isotherm is an
indicator of the extent of heterogeneity of the adsorbent surface, where the Freundlich
constants Kr and n, which respectively indicating the adsorption capacity and the
adsorption intensity, were calculated from the intercept and slope of the plot of Inge
versus InCe as shownin Fig 9.

This Freundlich type behavior is indicative of surface heterogeneity of the
adsorbents, i.e the adsorptive sites (surface of activated carbon and bentonite) are
made up of small heterogeneous adsorption patches that are homogeneous in
themselves. The activation of adsorption site takes place, leading to increased
adsorption probably through the surface exchange mechanism.

The calculated results of Langmuir and Freundlich isotherm constants are given
intable 3.

It can be seen that the Freundlich model yields a much better fit than the
Langmuir model, when the R? values are compared in table 3. This suggests that the
boundary layer thickness is increased. The Freundlich constant K indicates the
sorption capacity of the sorbent. From table 3, the values of Kr are 1.84 and 1.58 for
activated carbon and bentonite, respectively.

Furthermore, the value of nis 2.26 and 1.78 for activated carbon and bentonite,
respectively. It is noted that the values of n are bigger than 1, reflecting the favorable
adsorption. On the other hand, the gmax and the adsorption intensity values of
bentonite are higher than activated carbon. The calculated b values indicate the
interaction forces between bentonite surface and Cr*® ions are stronger than in case of
activated carbon, this means that the bentonite is more powerful adsorbent than
activated carbon. These results indicate that both adsorbents have a very strong

adsorption capacity towards Cr*®ions.
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Table 3.Langmuir and Freundlich isotherm constants for the adsorption

of Cr*® on activated carbon and bentonite at constant temperature 25°C.

Langmuir Isotherm Freundlich Isotherm

constants constants

Adsorbent | Omex
b Ks
(mg/g R? n R?

) (L/mol) (mg/g)

Activated

38.17 | 0.0252 | 0.9686 1.8446 2.26 | 0.9953
Carbon

Bentonite | 48.83 | 0.0377 | 0.9658 | 1.5826 1.78 | 0.9995

Ce/qe

0.5 B activated carbon
’ O bentonite

0 10 20 30 40 50 60 70 80 90
C, (mg/l)

Fig 8. The linarized Langmuir adsorption isotherm for Cr*6 jons adsorption by activated

carbon and bentonite at constant temperature 25°C and contact time 2 h.
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Fig 9. The linarized Freundlich adsorption isotherm for Cr*® ions adsorption by

activated carbon and bentonite at constant temperature 25°C and contact time 2 h.

3.7THERMODYNAMIC PARAMETERS
Thermodynamic parameters such as free energy (AG’), enthalpy (AH’) and
entropy (AS") changes of adsorption can be evaluated from the following equations (7,
8):
Kc = CadCe (7

AG’ = -RT InK¢ (8

Where K¢ is the equilibrium constant and Cae and Ce (both in mg/L) are the
equilibrium concentrations for solute on the sorbent and in the solution, respectively.
The K values are used in Egs. (7) and (8) to determine the AG’, AH’ and AS’ the K¢
may be expressed in terms of the AH" (kj mol™) and AS” (kj mol*K™Y) as a function of

temperature, Eq. (9):
InK¢ = - AH/RT + AS'/R 9)
Thermodynamic parameters such as free energy of sorption (AG'), the heat of
sorption (AH’) and standard entropy (AS’) changes during the sorption process were

calculated using Egs. (7) and (8) on a temperature range of 25-40°C at initial
concentration 50 mg/L of Cr*® and dose 4 g/L for activated carbon and bentonite.
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(AH) and (AS’) were obtained from the slope and intercept of a plot of InK . against

1T (Fig 10). The values of these parameters were recorded in table 4.

Fig 10. A plot of InK ¢ against /T for Cr*® adsorption for 50 mg/l initial concentration

Table 4. Thermodynamic parameters for the adsorption of Cr(V1) onto activated

InK,

carbon and bentonite.

1.6

1.4 4

1.2 4

1.0

0.8

0.6

0.4

m  activated carbon
O bentonite

T T T T T T T T T T T
0.00316003180032D0032200322¢00326003Z80033D00332003A0033B00338

UT (KY

at constant adsorbents dose 4 g/L.

L AS’(Kj AG’(kj mol™?)
Adsorbent | AH’(kj mol™) _ _ _ _
mollKY) | 25°C 30C | 35C | 40C
Activated
51.45 0.1776 -124 | -212 | -3.00 | -3.89
carbon
Bentonite 36.72 0.1268 -1.06 | -1.70 | -233 | -2.71

The negative values of AG’ indicate the spontaneous nature of the process and

more negative value with increase of temperature shows that an increase in

temperature favors the sorption process. The positive values of AH" indicate that the

sorption process was endothermic in nature and the positive values of AS” show the

increased randomness at solid/solution interfaces during the adsorption of metal on

both adsorbents and also reflects the affinity of activated carbon and bentonite toward

Cr*® jons under consideration. It is also suggested that the positive values of entropy
indicate some structural changes in the adsorbate and adsorbent [23-25].
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4. COCLUSION

Both adsorbents can be successfully used for removing of chromium (V1) ions
from wastewater. The maximum adsorption percentage of Cr(VI) ions using both
adsorbents were achieved within 120 min. The adsorption percentages of Cr*® ions
increase sharply by increasing adsorbent doses. As the initial concentration of ions
increase the percentage removal using activated carbon and bentonite decreases. The
best temperature for the maximum adsorption is found to be 30-40°C for activated
carbon, while the adsorption using bentonite is less affected by increasing
temperature. The maximum removals of Cr(V1) by both adsorbents were carried out
at pH 2. The obtained experimental data has been well described by Langmuir and
Freundlich isotherm models into both activated carbon and bentonite.

Different thermodynamic parameters, viz., AH, AS" and AG” have also been
evaluated and it has been found that the sorption was feasible, spontaneous and
endothermic in nature. The positive value of the entropy change, suggests the
increased randomness.
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Abstract

The starting point of rough set theory is the indiscernibility relation, which is
generated by information about objects of interest. The indiscernibility relation is
intended to express the fact that due to the lack of knowledge we are unable to discern
some objects employing the available information. Therefore, generally, we are
unable to deal with single object. Nevertheless, we have to consider clusters of
indiscernible objects.
In this paper, arelationship was created through a table of given data. This
relationship is based on the expert's opinion in the field of data. Based on this
relationship, we constructed atopological under the lowest possible conditions. This
topology describes the roughness of the set and shows that the intermittent topol ogy
obtained is stronger and more precise than others Other studies, also in this paper,
compared the approximations obtained using the precision scale to determine the best.
I ntroduction

Rough set theory, proposed by Pawlak in 1980’s as a result of a long term
program on mathematical fundamental research can be seen as a new mathematical
approach to vagueness (set) and uncertainty (element) from databases (information
systems) [3]. One of the important issues in rough set-based database analysisis
discovering dependencies between attributes. An attribute dependency states that the
value of an attribute is uniquely determined by the values of some other attributes.
The objective of discovering attribute dependency isto find the relationship among
attributes in information systems. A rough set model in databases may therefore be
considered as a method for constructing a topological space using indiscernibility
relation on the set of objects[2]. In areverse process, we can generalize the notions of
rough sets based on the topological space.
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Definable sets, i.e., afamily of union of one or more equivalence classes are
substituted by open setsin defining the lower approximations, and by closed setsin
defining upper approximations, as the basic concepts of rough set theory.

In this paper, we focus on the dependency of attributes in information systems.
We show that a dependency of attributes in information systems determines a finer
guasi-discrete topology which can be considered as a quasi-discrete topol ogical
subspace. Then, we use the notion of the topology to characterize the roughness of a
set. Therest of this paper is organized as follows. Section 3 describes the rough set
theory in information systems. Section 4 describes the notion of topological space and
several topological aspects of sets.
Note
In each part of this paper we used the same example data.

1- Preliminaries

The concept of topological space structures is one the most powerful notionsin
system analysis. The notions of topological space, open set and closed set, closure of
aset, interior of a set, exterior of aset, boundary of a set and base of atopologica

space has been handled in [1, 7].

Example 1.1
Suppose that data about 6 students is given, as shown in table (1)

Student Analysis Algebra Statistics Decision
1 bad good medium accept
2 good bad medium accept
3 good good good accept
4 bad good bad reject
5 good bad medium reject
6 bad good good accept

Table (1)

From table (1) we have
U ={1,2,3,4,5,6}, A = {Analysis, Algebra, Statistics, Decision}, where
C = {Analysis, Algebra, Statistics} =, D = {Decision}&

VAnalysis = {bad, gOOd}' VAlgebra = {bad, gOOd}'
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Vstatistics = {bad, medium, good}&Vpecision = {accept, reject}, in theinformation
system S = (U, A,V, f) where Uisthe universe, A isthe set of attributes,
V = Uger Vo, V, isthedomain ( value set ) of attribute a, f: U X A — V isatotd
function such that f(u,a) € V, for every (u,a) € U x A, caled information
(knowledge) function.
2- Indiscernibility relation

From table (1), it is noted that students 2, 3 & 5 are indiscernible with respect
to the attribute Analysis, meanwhile, students 3& 6 are indiscernible with respect to
the attribute Algebra and Decision, and students 2 & 5 are indiscernible with respect
to the attribute Analysis, Algebra and Statistics. Now | will make the schedule of the
relation as the following, from the previous table we determine the number of times
between element until the group ends then we get a symmetrical table the elements of
its diameter are zeros.

1

o o] M w| N P
Rl w| N NN o

w| R N N O NN
Rl w w o N N ow
Nl W o w A NN
A o w| Wl r| w o
o & N R W R o

Table (2)
Definition 2.1[8, 9]

Let S = (U, A4, f) bean information system and let B be any subset of A. Two
elementsx,y € U are be B —indiscernible (indiscernible by the set of attribute B <
AinS)ifandonlyif f(x,a) = f(y,a), for every a € B.

Definition 2.1

Let R beagenerd relationover U, and S = (U, A, V, f), be an information
system, B any subset of A then the minimal a construction set is the family of all after
sets of Rcontaining an elementx € U, and denoted by (m. s) where
(m.s) ={xR:x € U}& xR = {y:xRy,y € U}.

Now we conclusion the a after sets or before sets with the all numbers of the table
(2) asfollows
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With respect to arelationship that yields results less than 2
1R0 = {1,6}, 2R0 = {2,5}, 3R0 = {3,6}, 4R0 = {4}, 5R0 = {2,5},

(1,1),(1,6),(2,2),(2,5),(3,3), (3,6),}

6R0 = {1,3,6} = R; = {(4,4), (5,2),(5,5),(6,1),(6,3), (6,6)

Thefirst after setis
S, = {{4},{1,6},{3,6},{2,5},{1,3,6}}
With respect to arelationship that yieldsresults less than 3
1R1 = {1,2,3,4,6},2R1 = {1,2,3,5}, 3R1 = {1,2,3,6}, 4R1 = {1,4,6},
5R1 = {2,5},6R1 = {1,3,4,6}

R, — {(1,1), (1,2),(1,3),(1,4),(1,6),(2,1),(2,2),(2,3),(2,5),(3,1), (3,2),}
271(3,3),(3,6), (4,1), (4,4),(4,6),(5,2),(5,5), (6,1), (6,3),(6,4),(6,6) )

The second after setis S, =
{{1,2,3,4,6},{1,2,3,5},{1,2,3,6},{1,4,6},{2,5},{1,3,4,6}}.
With respect to arelationship that yieldsresults less than 4

1R3 = U,2R3 = {1,2,3,5,6},3R3 = U,4R3 = {2,3,4,5,6},5R3 = {1,2,3,4,5},

6R3 = {1,2,3,4,6}
(1,1),(1,2),(1,3), (1,4), (1,5), (1,6), (2,1), (2,2), (2,3), (2,5)(2,6),
= R; ={(3,1),(3,2),(3,3),(3,4),(3,5),(3,6), (4,2), (4,3), (4,4), (4,5), (4,6),
(5,1),(5,2),(5,3),(54), (5,5),(6,1), (6,2),(6,3), (6,4), (6,6)

Thethird after setisS; = {U,{1,2,3,5,6},{1,2,3,4,5},{1,2,3,4,6},{2,3,4,5,6}}.
Now we define minimal a construction(m. s)as

(m.s); = {{4},{L,6},{3,6},{2,5},{1,3,6}},
(m.s), = {{1,2,3,4,6},{1,2,3,5},{1,2,3,6},{1,4,6},{2,5},{1,3,4,6}} ,
(m.s); ={U,{1,2,3,5,6},{2,3,4,5,6},{1,2,3,4,5},{1,2,3,4,6}} ,
Also, (m.s)§ ={{2,3,4,5},{1,3,4,6},{1,2,4,5},{1,2,3,5,6},{2,4,5}},
(m.s)$ = {{5},{4,6},{4,5},{2,3,5},{1,3,4,6},{2,5}},
(m.s)§ = {9, {4},{1}, {6}, (5}}

3- Rough set approximations

Rough set theory [4] proposes a new mathematical approach to imperfect
knowledge, i.e. to vagueness (or imprecision).In this approach vagueness is expressed
by region of a set.

Rough set concept can be defined by means of topological operations, interior
and closure, called approximations.
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Definition 3.1[4, 5]

Let X € U and R be an equivalence relation, then we denotes the boundary of X
in Uas BNDg(X) = R(X) — R(X)and,
1- X isanexactif R(X) = R(X) = BNDz(X) = .
2- If BNDz(X) # @ thenR(X) c X < R(X), the set X is called arough set.
Definition3.1

Let R beagenera relationover U,and S = (U,A,V, f), be an information

system, B any sub set of A& X isany subset of U, then the B — lower approximation
of Xdenoted by B(X) and B — upper approximation of Xdenoted by B(X),
respectively are defined by
B(X) = U{x € U:(m.s) € X}, B(X) = N{x € U: (m.s) N X # @}.
From above definition we obtained the results
1- The boundary region BND(X) = B(X) — B(X).
2- The positive region POSg(X) = B(X).
3- The negative region NEGz(X) = U — B(X).
X issaidtobe R — exact if R(X) = R(X) otherwise X issaid to be R — rough.
Now, in this part we will generate atopologica space and we will find the minimal a
construction for all the relationships as in the following example where we can find a
topology and its base as follows:

Example 3.1
From example 1.1, we have:

(L), (1,6),(2,2), (2,5, (3:3), 3,6)) v _
Ry = {(4,4), (5.2), (5.5), (6,1, (6.3), (6,6) }’RT = {(43.{1,6}, (3.6}, (2.5}, (13,63},

the minimal base for Ty is B, = {U, @, {4}, {6},{1,6},{3,6},{2,5},{1,3,6}}.

U,0,{4},{1,6},{3,6},{2,5},{4,6},{1,3,6},{1,4,6},
T, =3 {6},{2,4,5},{2,5,6},{1,3,4,6},{1,2,5,6},{2,3,5,6}, ¢,
{3,4,6},{2,4,5,6},{1,2,3,5,6},{1,2,4,5,6},{2,3,4,5,6}

U,9,{1,2,3,5,6},{2,3,4,5},{1,2,4,5},{1,3,4,6},
TS =<{1},{3},{4},{1,2,3,5},{2,4,5},{2,3,5},{1,2,3,4,5},
{1,3,4},{1,3,6},{2,5},{3,4},{1,4},{1,2,5},{1,3}

Itisobviousthat @ & U are closed and open (clopen ) sets, Also the sets
{1,3,6}&{2,5} are clopen sets, the set {1,4,6} isopen, the set {1} is closed and the set

{2,5} is neither open nor closed.
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Table (3) summarizing interior, exterior, closure and boundary of sets with respect to

Tl
Set Interior Exterior Closure Boundary
{5} 1) {1,3,4,6} {2,5} {2,5}
{1,3,4} {4} {2,5,6} {1,3,4} {1,3)
{2,3,4} {4} {1,6} {2,3,4,5} {2,3,5}
{1,2,5,6} {1,2,5,6} {4} {1,2,3,5,6} (3}
Table (3)

With respect to T,

R = {(1,1), (1,2),(1,3),(1,4),(1,6),(2,1),(2,2),(2,3),(2,5), (3,1), (3,2),} U _
271(3,3),(3,6),(4,1), (4,4), (4,6),(5,2),(5,5),(6,1),(6,3),(6,4), (6,6)) R

{{1,2,3,4,6},{1,2,3,5},{1,2,3,6},{1,4,6},{2,5}, {1,3,4,6}}, the minimal base for T, is

U' @J {1}1 {2}1 {1l3}l {1'6}1 {215}’ {11213}' {11316}' }

BZ - {{1I2I3I5}1 {1)2)3)6}1 {1)4)6}1 {1131416}’ {1121314’6}

_ {U, ®,{1},{2},{1,2},{1,3},{1,6},{2,5},{1,2,3},{1,2,5},{1,2,3,5}, {1,2,3,4,6},}
27 1{1,2,6},{1,3,6},{1,4,6},{1,2,3,6},{1,2,4,6},{1,2,5,6},{1,3,4,6},{1,2,3,5,6} J’

C _ {U, ®,{4},{5},{2,5}, {3,4},{3,5},{4,5},{4,6},{2,4,5},{2,3,5},{3,4,5}, {3,4,6},}
27 {45,6},{3,45,6},{24,5,6},{2,3,4,5},{1,3,4,6},{1,3,4,5,6},{2,3,4,5,6}

Itisobviousthat @ & U are closed and open (clopen ) sets, Also the sets
{2,5}&{1,3,4,6} are clopen sets, the set {1,4,6} is open, the set {5} is closed and the

set {1,3,4} is neither open nor closed.

Table (4) summarizing interior, exterior, closure and boundary of sets with respect to

T2
Set Interior Exterior Closure Boundary
{5} o {1,2,3,4,6} {5} {5}
{1,3,4} @ {2,5} {1,3,4,6} {1,3,4,6}
{2,3,4} 1) 1) U U
{1,2,5,6} 2,5} ) U {1,3,4,6}
Table (4)
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With respect to T,

(1,1),(1,2),(1,3),(1,4), (1,5), (1,6), (2,1), (2,2), (2,3), (2,5), (2,6),
(3,1),(3,2),(3,3),(3:4),(3,5), (3,6), (4,2), (4,3), (4,4), (4,5), (4,6), ,
(5,1),(5,2),(5,3),(54),(5,5),(6,1),(6,2),(6,3), (6,4), (6,6)

Rl ={U,{1,2,3,5,6},{1,2,3,4,5},{1,2,3,4,6},{2,3,4,5,6}}, the minimal base forT; is
3

Bz = {U,0,{1},{2}, (3}, {4}, {1,23,{1,3}, {1,6}, {2,3,4}}.

U,0,{1},{2},{4},{1,2},{1,3},{1,4},{1,6},{2,3}, {24},
{3,4},{1,2,3},{1,2,4},{1,2,6},{1,3,4},{1,3,6}, {1,4,6}, ¢,
{2,3,4},{1,2,3,4},{1,3,4,6},{1,2,4,6},{3,4,5}

U,8,{2,5},{3,5},{56},{1,2,6},{1,5,6},{2,3,5},{2,4,5},{2,5,6},
{31415}1 {31516}) {41516}) {1121516}: {1:3:5:6}1 {1:4:5:6}r {2;3;4;5}1 1
{2J3J5J6}l {2,4‘,5,6}, {3)4)5)6}1 {1I2I3I5I6}l {113141516}5 {213141516}

Itisobviousthat @ & U are closed and open (clopen ) sets, Also the sets
{1,2,6}&{3,4,5} are clopen sets, the set {1,3,6} is open, the set {5,6} is closed and the
set {5} is neither open nor closed.

Table (5) summarizing interior, exterior, closure and boundary of sets with respect to
T3

Set Interior Exterior Closure Boundary
{5} 1) {1,2,3,4,6} {2,5} {2,5}
{1,3,4} {1,3,4} (2} {1,3,4,5,6} (5,6}
{2,3,4} {2,3,4} {1,6) {2,3,4,5} {5}
{1,2,5,6} {1,2,6} (3,4} {1,2,5,6} {5}
Table (5)
Alsowehave R=R;NR, NR; =R & T =T,
Definition 3.2

The accuracy of approximation (accuracy of roughness) of any subset X < U,

with respect to B < A denoted by az(X) is measured by az(X) = ;BE};;

Example 3.2

Let us show accuracy of approximation notion by example referring in Table (1).
With respect to T

IfX = {5} = R(X) = ®, R(X) = {2,5}, a(X) = |§§g ,

X={134}=RX) ={4},RX) =0 ,a(X) = |R(X)

R(X)
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R(X)

X=1{234}=RX)={4}, RX) =0, aX) = |§(X) =0&
if X = {1,2,5,6} = R(X) = {1,2,5,6}, RX) =0, a(X) = |§g§
With respect to T,
If X = {5} = R(X) = 8, RX) = {25}, «(x) = 53] =0,

= {134 =R(X) =0, RX) =0, a(X) = |§§g ,
X={234=RX)=0,RX) =0, alX) = |%| = 1&
if X ={1,2,56} = R(X) = {2,5}, RX) = 0, |% =
With respect to T,
IfX = {5} =R =0, RO = {25}, [F5| =0,
X={134 =R =0, RX) =0 55| =1,
X = {234} = R(X)=0,RX) = {2,3}, |%| = 0&
if X = {1256} =R =0, RX) = (25}, [E| = 0.

Itisclear that the relations R, are the best among the differences we created for the
selected set X according to the accuracy scale ag (X), where az (X) =1, and this
means that the set X is crisp(precise) with respect to B, otherwise the set X is rough
(imprecise) with respect to B . But for the next set, all differences are perfect because
the precision scale gives the best measurement and therefore the set X iscrisp with
respect to B.
4- Quas Discrete Topology
In this section, we show that a topological space generated by minimal a

construction relation in an information system is a special type of topology called a
clopen ( quasi discrete ) topology.
Definition 4.1

A subset X € U called arough setin (U, Ty), if X* # X. Otherwise X iscrispin
(U, Tg).
Notions 4.1

Let (U, Tg) beatopological space, X < U in (U, Tg), then we have
i-Aset X € Uisroughin (U,Tg) if BN(X) # Q.
ii-AsetX € Uisroughin (U, Tg) if X" c X c X.
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iii-AsetX cUisroughin (U, Tg) ifX ¢T.
Definition 4.2

Let (U, Tg) beagenera knowledgebase, X € U&R €R.

(1) X istotally R — definable (exact) setif X' = X = X.
(2) X istotally R — undefinablelf X° = ¢&X = U.
(3) X isinternally R-definable set if X* = X, X # X.
(4) X isinternaly R — undefinable setif X = & &X # U.
(5) X isexternaly R — definable set if X" # X, X = X.
(6) X isexternally R — undefinable setif X' # @ &X = U.
(7) X isroughly R — definable setif X° # & &X # U.
(8) X isR — indefinable (rough) setifX’ # X, X # X.
Proposition 4.3[6]
Let K = (U,R) be agenera knowledgebase, X € U and R €R.
(1) Set X isR — definable (roughly R — definable, totalyR — undefible) if and
only if soX¢,
(2) Set X isexternaly (internally) R — undefible if X¢ isinternally (externally) R —
undefinble.

Proof

(1) If X iSR — definable thenR(X) # ®&R(X) # U, we show that
(2) R(X®) # ®&R(X®) # U sinceR(X) # ® = R(X) = (E(XC))C + @
= R(X®) # U,andsinceR(X) # U = R(X) = (g(xc))c +U=RX=die

XC isR-definble.
Alsoif X istotally R — undefinable thenR (X) = ®&R(X) = U, we show that

R(XC) = &, &R(X¢) = U sinceR(X) = ¢ = (E(XC))C =

— — c
= R(X®) = U. Andsince R(X) = U = (R(X®)) = U = R(X®) = o.
(2) X is externadlyR — undefinable < X¢ is internadly R —undefinable =

RX)#®&RX)=U=RX)=0&RX)#U=RX)+ ¢ < (E(XC))C +

® = R(XS) £ UGR(X) = U & (g(xc))c = ® < R(XC) = @.
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Also X isinternally R — undefinable- < X¢ isexternalyR — undefinable =

— Cc _ _ c
E@h¢c%MﬂD=U@R@Q=MMM¢U@QMQ)¢¢@

R(X®) # .

From above example we have

Table summarizing interior, closure, boundary, Exterior, Category, and Accuracy of
roughness of sets, W, X,Y,Z in (U, Tg), such that

W ={2},X=1{234},Y ={1,2} ,Z ={2,5}.

w.rt. Ty

Set Int

Clo

BN

EX

Category

Accuracy

w @

{2,5}

{2,5}

{1,3,4,6}

Internally R- 0

indefinable

{4}

{2,3,4,5}

{2,3,5}

{1,6}

Roughly R-
definable

{1,2,5}

{1,2,5}

{3,4,6}

InternallyR-

indefinable

Z {2,5}

{2,5}

{1I3l4l6}

RoughlyR-
definable

w.rt. T,

Table (8)

Int

Clo

BN

EX

Category

Accuracy

{2,5}

{2,5}

InternallyR-

indefinable

0

TotallyR-
indefinable

TotallyR-
indefinable

Z {2,5}

{2,5}

Roughly R-
definable

Table (9)
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U,®,{1},{2},{4},{1,2},{1,3},{1,4},{1,6}, {2,3}, {2,4},
T, =1 {3,4},{1,2,3},{1,2,4},{1,2,6},{1,3,4},{1,3,6}, {1,4,6}, ¢,
{2,3,4},{1,2,3,4},{1,34,6},{1,2,4,6}, (34,5}

U, (D, {2’5}1 {3’5}1 {5’6}1 {1'2'6}1 {1’5’6}: {21315}r {2,4,5}, {2,5,6},
Ts =1 {3,4,5},{3,5,6},{4,5,6},{1,2,5,6},{1,3,5,6},{1,4,5,6},{2,3,4,5}, .
{2,3,5,6},{2,4,5,6},{3,4,5,6},{1,2,3,5,6},{1,3,4,5,6},{2,3,4,5,6}

w.rt. T;
Set Int Clo BN EX Category Accuracy
w )] {2,5} {2,5} {1,3,4,6} | Internaly R — 1
undefinable
X {2,3,4} | {2,3,4,5} {5} {1,6} Roughly R — 3
definable 4
Y {1,2} |{1,2,3,5,6}| {3,5,6} {4} Roughly R — 2
definable 5
Z )] {2,5} {2,5} {1,3,4,6} | Internaly R — 0
undefinable
Table (10)
Conclusion

We have shown in this paper that the rough set is a standard model in
information systems. This model has helped to constructing a topological space by
using relationships resulting from the difference and generating the minimum of the
construction set and we proved that the topological resulting is more accurate and
stronger and is used to study the characteristics of the rough set. where some
approximations were compared using the precision scale in order to determine the
best.
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Combined DM S and DGS Techniques for Compact and Low
Cutoff Frequency LPF Design
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Abstract- high performance and compact size low pass filters with
narrow stopband and sharp cutoff characteristics are highly
required in numerous wireless communication systems for noise
and interference suppression. In this paper, a compact microstrip
LPF with sharp cutoff characteristics is introduced. Defected
ground structure (DGS) and defected microstrip structure (DM S)
have been used to obtain wide stopband. The proposed filter is
composed of two arc-shaped DGS unitsin the ground planeand a
shaped microstrip line where stub and inset feed matching
techniques is attached to enhance the pass band characteristics.
This structure allows sharp cutoff frequency response and high
har monics suppression. Furthermore, it provides compact filter
size without the need for cascading periodic DGS structures. The
stop band attenuation is controlled by adjusting the depth of the
inset feed and the length of the stub sections. It has a 3 dB cutoff
frequency at 1.3725 GHz and it isas small as20 mm x 19 mm.

Keywords. Defected ground structure (DGS), Defected microstrip
structure (DMS), arc-shaped, low passfilter (LPF).
1. INTRODUCTION

Microwave low pass filters are essential devices in RF
wireless communication systems to remove noise, harmonics
and other spurious signals. For these circuits, size compactness
and high power attenuation levels throughout a broad stopband
spectral range are desired properties to efficiently accomplish
this task. Different techniques have been investigated i.e.
using resonators, shaped transmission lines, and defected
ground structures to achieve miniaturization of microwave
filter. In [1-3] numerous low pass filters having wide stopband
for moderate attenuation levels of about —15dB to —17dB are
introduced. But as the attenuation level is increased to -20dB,
the widths of the stopband of these filters are reduced. A
compact asymmetric shaped microstrip low pass filter (LPF)
with ultra wide stopband characteristics was introduced in [4].
The filter is based on Stepped Impedance Resonator (SIR).
The asymmetric structure alows the suppressing cell to be
located within the resonator structure without occupying a
large area. So that the resulting filter occupies only a small
area of about (0.156 1; x 0.128 4,), where A, is the guided
wavelength at 2.92 GHz. On the other hand, defected ground
structures DGS are widely used to implement compact filters
with good passhand and stopband characteristics [5,6]. In [6] a
compact LPF using double U-shaped DGS units at the ground
plane and a shaped microstrip structure DMS on the top was
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introduced. It provides compact filter size without the need for
cascading periodic DGS structures. But, it has relatively high
cutoff frequency which equals 2.7 GHz. In [7], a sharp cutoff
low pass filter using a tapered resonator has been introduced.
But, the manufactured filter has an extensive circuit size. In
[8] a compact low pass filter using stepped-impedance hairpin
resonator (SIHR), split-ring resonator defected ground
structure (ISRR DGS), and elliptical DGSsisintroduced. Such
structure exhibits low insertion loss and sharp cutoff
characteristic. But, it provides high having 3 dB cutoff
frequency of f. =2.5GHz. On these lines, an improved
Defected Ground Structure using H-slot resonators and
coupling matrix method are introduced for compact Low pass
/Band pass filters design [9]. The H-dlot is used to serve as a
DGS cell element for the microstrip line. The DGS component
provides size reduction and has capability of harmonics and
spurious suppression.

In this paper, an arc-shaped defected ground structure with
defected microstrip line is proposed for implementation of
compact size, sharp cutoff, and wide stopband low pass filter.
Besides DGS and DMS, the inset feed and stub matching
technique are utilized to adjust the impedance matching
between the feeding port and the transmission line to enhance
the input reflection coefficient. The use of this structure allows
sharp cutoff frequency response and high stopband
attenuation. Furthermore, it provides compact filter size
without the need for periodic DGS structures. The proposed
LPF is designed using the CST-MICROWAVE STUDIO
simulator. The filter is simulated using Rogers’s RO4003
substrate of dielectric constant €. = 3.38 and thickness h =
1.524 mm.

2. PROPOSED FILTER STRUCTURE

In this section, a new design for minimized size low pass
filter with relatively flat pass band characteristics and low
cutoff frequency is proposed. Keeping in mind the end goal to
exhibit the viability of the proposed design, it is utilized for
LPF design which is delineated in Figure 1. The designed
LPF comprises of two arc-shaped DGS cells with a similar
radius however with various widths. The DGS cdl is
embedded to give high attenuation over a wide stopband.
Using the sharp cutoff frequency response of the etched arc-
shaped DGS cells and considering the coupling effect between



dots in the ground plane can give the required elliptical
characteristics of the filter. Likewise, a shaped transmission
line is put on the upper surface of the substrate. The
transmission line comprises of two segments of various widths
where two open circuit twofold stubs are joined. The
expansion of these stub segments controls the transmission
line impedance which for sure gives a mean to control the
attenuation level of the stopband. Besides, to control the input
impedance of the transmission line, an inset feed is etched at
the input port. The blend between the stub matching and the
inset feed techniques provides more opportunity to control the
attenuation level in the stopband. The detailed description of
the DGS structure and the transmission line is appeared in
Figures (2-a) and (2-b) respectively.

The proposed filter has been simulated using the CST-
MICROWAVE STUDIO software using Rogers R0O4003
substrate of dielectric constant ¢, = 3.38 and thickness h =
1.524 mm as the same as the double equilateral U-shaped
DGS filter presented in [5] and the LPF presented in [6]. The
dimensions of both DGS and DM S are listed in table (1).
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Fig. 1. (8) Back view and (b) Front view of the ssimulated CST design of the
proposed low passfilter.
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Fig. 2. Description of the (@) DGS and (b) DM S dimensions.

Table (1). The dimensions of both DGS and DMS

Dimension Value | Dimension Value | Dimension | Value

in in in
mm mm mm

L, 19 S, 20 R 20

L, 3 S, 1.6 D3 0.17

Ly 1.6 S5 8.2 Ds 0.29

Ly 3.4 S, 3.5

Le 5 Ss 8.2

Lg 1.39 Se 35

L, 5.2 S, 0.5

Lg 0.8 o2 1

Ly 8.5 D2 7.35

3. SIMULATION RESULTS

In this section, the simulation results of the proposed arc-
shaped DGS low pass filter is compared to both double
equilateral U-shaped DGS low pass filter presented in [5] and



LPF presented in [6]. It is worth noting that the three filters are
realized on the same Rogers RO4003 substrate with dielectric
constant €. = 3.38, and thicknessh = 1.524 mm. Figure 3
shows the scattering parameters |s;, | and |s,, | of the proposed
filter. The filter has low cutoff frequency of f, = 1.368 GHz.
Lowering the cutoff frequency provides much wider stop band
which indeed increases the noise and spurious harmonics
suppression. The filter stop band extends from 1.368 GHZ to
more than 8GHz with |s,,| = —20dB. For comparison and
showing the effectiveness of the designed filter, it is compared
with the low pass filters introduced in [5] and [6] as shown in
figure 4. The simulation results showed that the cutoff
frequency is lowered from 2.58 GHz and 2.7 GHz to
1.368 GHz that is for the filters presented in [5], [6], and the
proposed one respectively. It is clear that the designed filter
has sharp cutoff response in comparison to previous work.
Besides these, it has a simple design structure.
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Fig. 3. The smulation results of the proposed low pass filter
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Fig. 4. Comparison between the scattering parameters of the proposed filter
and the low pass filters presented in [5] and [6].

4. CONCLUSION

In this paper, an arc-shaped DGS and DMS are proposed
for the execution of compact LPF filter with sharp cutoff
frequency response and wide stopband. In addition, inset feed
and stub matching techniques are used to adjust the input
reflection coefficient of the filter. The proposed filter is
realized on Rogers RO4003 substrate with dielectric
constant €. = 3.38, and thicknessh = 1.524 mm. The filter
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stop band extends from 1.368 GHZ to 8GHz with |[s,,| =
—20dB. The smulation results revealed that the designed
filter has sharp cutoff response and much lower cutoff
frequency in comparison with previous work. Besides these, it
has a simple design structure.
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Abstract

The visual performance of Al- Sayyida Nafisa Mosque Square in Cairo is analyzed in this
paper. The aim of the present study is to derive a proposed evaluation model that service as a tool
for evaluating the visual performance of religious urban open spaces. The research also tries to
reach the best visual basics and criteria which support the design and planning process that must be
taken in consideration when dealing with the religious urban open spaces. Research results showed
that legibility, identity, determinants, aesthetics consistency, sense of nature, and supplements of
urban open space help in enhancing the visual performance of urban spaces. We concluded that
urban designers can enhance the visual performance by achieving the mentioned components

appropriately.
1. Introduction

Designing attractive spaces could be achieved by understanding the visual structure around us.
Definitely, we gain information about the space by using our senses, such as sight, smelling,
hearing, tasting and some other complex ones. The sight is the most important sense, as it represents
87% of human perception to surrounding space (Bell, 2005). Visua perception is a major
component in developing the image of the city. Accordingly, we can identify cultures, social mores

and common values of the built space through visual resources (Radovic, 2003).

Several researchers in different fields were curious to the perception process: psychology
(Gibson, 1950; Tomaszewski, 1986; Banka, 1999), specifically behavioral and environmental
psychology represented by H.M. Proshansky, T. O’Hanlon, W.H. Ittelson, L.G. Rivlin. (1977) and
others, who analyzed the use of behaviora maps; anthropology and sociology (Hall, 1966; Sommer,
1967; Lawson, 2001) furthermore, geography (Wood, 1992), urbanism of cities and town planning
(Lynch, 1960; O. Simonds, 1961; G. Cullen, 1961; D. Appeleyard & J.R. Meyer, 1964; Venturi,
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1966; Krier, 1975; Ch. Alexander,1977; A. Rapoport, 1977; Stea, 1978; Winters, 1999; and many
others) indicated the significance of the interaction between man and place, and the significance of
how the images are created in the human memory. The Gestalt theory interested in the overall
perception of the space, which means realizing the visual components as patterns which are related
to each other, instead of many separated parts (Perusich, 2010).

Perception is an active process of gaining information from the environment through
observation (Lang 1994). According to Sudarmadi, perception is a relationship between knowledge
and awareness. Knowledge is the principles which are gathered through information. Awareness is
an attention or sensitivity to different issues (Sudarmadi, 2001). Firstly, people discover the
structure of the scene, to the stage where we understand what we observe. Secondly, we correspond
our pre-existing knowledge with our new experience. Finally, we compose meanings or values for
what we observe (Bell, 2005).

The type of activity in urban space defines the character of space. The present study focuses
on religious urban open spaces which are distinctive at the city scale due to their centralized
position, large size, and their association with religious buildings. They play a critical symbolic
role, and are used for multiple purposes, such as cultura events, local trade, and social interaction.
They are the cultura products of the city in which they always present social, cultural and religious
meanings to a great variety of people (Stanley, 2012).

Many researchers have investigated urban open spaces from different sides, such as Kevin
Lynch who concerned with the visual quality, the mental image (Lynch, 1960), performance
characteristics, and psychological and sensual satisfactions (Lynch, 1990); Gordon Cullen who
concerned with the visual sequence (Cullen, 1961); Robert Venturi who concerned with the social
and cultura dimension (Venturi, 1966); Leon Krier who concerned with space determinants (Krier,
1975); Donad Appleyard who concerned with the physical and social complexities; Ralph Erskin
who concerned with the socia-cultura relations; Philip Johnson and et a. who concerned with the

natural components of landscape (Trancik, 1986).

Generaly, the life quality in the city is determined by the level of its visual performance.
Sense of place is the result of the visual perception of the urban space details. Precisely, space is
realized visually through three levels. The first level is to realize either physical or incorporeal
space details such as colors, textures, shape, furniture, light, vegetation, scale, enclosure, etc. The
second level is achieved by realizing the relationships between space details (e.g., unity, variety,

balance, rhythm, hierarchy, Symmetry etc.). The third level is achieved as a result of using two or
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more elements of the second level. When variety, balance, symmetry, etc. are achieved in urban
open space, thisleads to legibility, meaning, identity and sense of space.

2. The Aim of the Research

The main purpose of the present study is to derive a proposed evaluation model that service as
atool for evaluating the visual performance of religious urban open spaces. This model also helps
to improve the visual image of these places, thus the improvement of city image. After studying
several theories dealing with visual performance of urban open space, we reached to a proposed
evaluation model based on a theoretical background (Figure 1). This model will further be used for
evaluation of Al- Sayyida Nafisa Mosgue Square in Cairo (Figure 2). The importance of the study
has additional strength in the fact that the religious urban spaces of Egypt are often criticized by the
local population of the city, so, based on their perception, we can be reached to desirable objective

visual elementsin space.

THE PROPOSED EVALUATION MODEL ‘
L

e . . Aesthetics Sense of
Leglbllltv conSiStencv‘ supplements

|| Gates - Landmark [~ Enclosure | Lights = || Fioor Seats
existence | position
Religious | |. Determinants’ | Lampposts Scale ||| Seats
= Gates shape | L building identity position shape
identity
. Trees T I
Determinants’ o Basket
=| Accessibility - Y colors - La[[tllpposts position ||~ poi?ti:n
_ | Beginning & || Public . ;I‘t:-:ez | Basket
end of path || Facade o P shape
—— design ]
| Visual . Daily '1 Covers
sequential | water | activities — .
element — olens
L = .. Annual iti
Separation 4 activities [T
— Signs

Figure 1. Showsthe proposed evaluation model based on a theoretical background

133



Figure 2. Shows Al- Sayyida Nafisa M osque Squarein Cairo, Egypt

3. The Research M ethodology

The research process consisted of several stages. The first stage included deriving a
guestionnaire which consisted of 34 items from previous approaches of studying space such as
Kevin Lynch, Gordon Cullen, Robert Venturi, and etc. approach. The second stage: the
guestionnaire that consisted of 34 questions recording participants’ perception for Al- Sayyida
Nafisa Mosque Square. The participants were 50 Egyptian specialists in urban design, architectural
design, and urban planning. They evaluated the space, by using a rating scale numbered from zero
to four (Table 1). This scoring method was derived from the one had been developed by CABE
(2001), but was modified for the purpose of this research. The scale developed by CABE provided
only a qualitative descriptor for the highest and lowest score and did not provide a descriptor that
lent itself to numerical measurements. As some criteria in my checklist lend themselves to a
subjective and qualitative response while others can be easily measured, and thus, quantified have
included descriptors that address both situations.

Tablel. Showstherating system

0 1 2 3 4
Not Existent Poor Fair Good Excellent
(does not (satisfies (satisfies | icfies criterion | (satisfies criterion

criterion less criterion 26 to 50
than 25 percent percent of the
of the time) time)

satisfy criterion
at all)

51 to 75 percent 76 to 100 percent
of thetime) of thetime)

Finally, we analyzed the answered questionnaire. The results showed that the space is suffer
from the lack of its visua performance. Accordingly they need to be developed to enhance their

visua performance.

4. The Results of the Resear ch and Discussion

The research results show following:
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Al- Sayyida Nafisa Mosque Squarein Cairo (Table 2) (Figure 3)

Al- Sayyida Nafisa Mosgue Square is a semi-circular square and has atotal area of two acres.

The space is surrounded by the mosgue of Al- Sayyida Nafisa, youth center, school and the

religious institution of Al-Sheikh Mohamed Metwally Al-Shaarawi. The space does not have fully

developed shaped criteria that provide a desirable visual performance. The researcher evaluated it,

and the mgority of criteria were evaluated negatively. Also the reasons for negative evaluation are

insufficient amount of natural elements, as well as the lack of gates, lights, seats, signs, and other

supplements on the square. One of the essential problems there is the conflict between pedestrian

movements and traffic that killing the space because they block pedestrian movement. The total

result was 46/136 about 33.8%. The square needs to be developed to increase the efficiency of its

visual performance.

Table 2. Shows summary of results

- : : Aesthetics Sense of
Legibility I dentity Deter minants Consistency Nature Supplements
Q1L: Gates Qr: Q15: Q24; Q28
N 1/4 : 4/4 | Q12: Enclosure | 1/4 < 14 ) 14 Seats 0/4
existence Landmark Lights Floor "
position
Qs:
. Rdigious Q13: Q16: . Q29:
QZS",]Gaete5 1/4 bui I%i n 3/4 | Determinants’ | 1/4 | Lampposts | 1/4 80215 'e 14 Seats 0/4
% ) ) 9 identity position shape
identity
Q3 Qo: Q14: Q17: Q26: Q30:
Accessibility 3/4 Function 4/4 | Determinants 1/4 | Lampposts | 1/4 Tr_ees 0/4 Ba_SI_<et 14
colors shape position position
Q4. Q10: 018: Q27 Q3L
Beginning & | 1/4 Facade 3/4 Public érts 0/4 | Trees 14 Basket | 1/4
end of path design shape shape
Q5: V|Sl_JaI /4 Q11: Water 0/4 Q19_: l_)_ally 0/4 Q32 0/4
sequential element activities Covers
Q6! Q20: Q33:
Separétion 0/4 Annual 4/4 Signs 14
activities position
: Q34:
In?erzéi.t 3/4 Signs 0/4
y shape
Q22:
Skyline 34
Q23:Colors | 2/4
8/24 14/20 3/12 15/36 3/16 3/28

Total result 46/136 =33.8 %
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Finally, the results of the three urban spaces were convergent. The results showed that the

three spaces are suffer from the lack of their visual performance. Accordingly they need to be

developed to enhance their visua performance.

5. Conclusion

Visual performance of religious urban space directly reflects its value. Planning and design of
the physical structure of the city, indicate the importance of an integrated approach to enhance the
visual performance of religious urban open spaces. Religious urban open spaces of the city are seen
as avisual aesthetic ambiences, as the center of religious activities, social interaction, as a place of
rest, leisure, and inspiration that direct us for acquisitioning new impressions and experiences.
Visual studies help in identifying the criteria for the design process of desirable religious urban

spaces, with emphasis on visual - aesthetic dimension.

The analyzed religious urban open space (Al- Sayyida Nafisa Mosque Square) by specialists
and experts, suggests that legibility, identity, determinants, aesthetics consistency, sense of nature,
and supplement furniture of urban space, achieve desired visua effect on users. Spaces that do not
have clearly defined visual identity in the structure of the city, and do not have legibility, were
negatively evaluated. Also spaces which do not have aesthetic consistency between its components,
and have low content of natural elements, were negatively evaluated. By the comparative analysis
of results presented from Al- Sayyida Nafisa Mosque Square, it was concluded that there are many

visual problems. Accordingly it need to be devel oped to enhance its visual performance.

Experts and users participate in the development of the city process. Religious urban open
spaces are reflected as dominant through visual experience. Visua performance studies is
indispensable factor in that process. It is concluded that a religious urban open spaces of Egypt as
the primary visual resource of the city have potential, but it needs their revitalization, especially in
terms of content and dynamics.
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The contribution of this study is that the overall desirable visual performance of religious
urban open space are identified on the basis of six factors (legibility, identity, determinants,
aesthetics consistency, sense of nature, supplement furniture), which can serve as guidelines for the
rehabilitation of existing and design of new religious urban open spaces of the city. Is desirable that
the future directions of research would be based on the identification and analysis of specific
religious urban open spaces independently and at the city level to identifying specific desired visual
effects and criteria for the design of these spaces. Recommendations for appropriate design of
religious urban spaces start from the fact that in this process should involve the user’s premises and
their needs. Visual performance of space is of primary importance for the creation of desirable

urban spaces of the city.
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Methodology to evaluate acoustic performance in
educational spaces by Different Methods
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Abstract: Different methodologies used to evaluate acoustic performancein in
educational lecture hall. Theses technical methods have been used in order to define the
acoustic problems in lecture hall and suggest acoustic and architecture treatments to solve
these acoustic problems. The methods that used for acoustic analysis were Sabin, Eyring,
Arau-puchades and ODEON. This paper is foucing on acoustic performance in lecture
hall 2 in Tanta Engineering. Acoustic study has been done for lecture hall as follows:
Evaluation the acoustic performance by field measurements for reverberation time,
manual calculation and acoustic simulation; ODEON software. Different acoustic
performance analysis was performed. Different acoustic and architecture treatments were
suggested based on the analysis. The fina results of room acoustics of different cases
carried on the hall were compered to the international requirements for educational
spaces. The main problems based on the acoustic analysis are the increase of hall height,
architecture design of ceiling and hard covering of the internal surfaces

Keywords. ODEON, Acoustic Performance, Reverberation Time, Acoustic Treatments,
Acoustic simulation, ODEON, field measurments.

¢

1. INTRODUCTION

coustic measuring and simulation are very important to determine acoustic performance and

acoustic comfort in spaces.Computer simulations to predict acoustical parameters have been

attracting renewed interest in recent years. New technologies for acoustic simulations and
measurements have been developed, and it is now possible to predict and measure the acoustics of a
room with good accuracy'.

There are many acoustic software programs in room we will use ODEON because, it cares acoustic
side only in first step. It gives complete impression of acoustic performance in space, and results are
given out in both graphical representations and tables. It gives most important criteria in space
acoustics are usualy reverberation time (RT) by (Sabin, Eyring and Arau-puchades) and speech
transmission index (STI), early reflection in room (C50), sound pressure level (SPL), sound
transmission class (STC) in this study we will foucse on RT'.

Acoustic measurements are the obvious prerequisite of acoustic investigations, they are an
important tool for the analysis of acoustical problems. Acoustics of educational spaces (classrooms,
lecture halls or speech rooms and auditoria) engross the attention of the researchers in this field in
the past years. Thus, researches in this field has been going n over the years with the am of
enhancement acoustic performance in educational spaces in universities through studying the most
important factors affecting the acoustics performance in educational spaces is relation between RT
and space hall. We will calculate RT for one of education spaces by manua equation, field
measurement, and simulation by software, and compare final results of reverberation time (RT) with
RT require for educational spaces''.

We scope this study on main lecture hall 2 in engineering faculty, Tanta University, it located in
ground floor of college building (Workshop building), Engineering faculty, Sebrbay colleges cam-
pus, next to Workshop spaces and main quad it's known Eadady Modarg figure (1).
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Table (1) Description of Lecturehall 2

Dimensions

L W H Aream? Volume m3
29.7m 193 m 10.6 m 573.2 6076
Statistical Data

Desks 19 wooden row, with 1m (W), 1m (H), 10 cm the row higher from row
previous.

Sage, concrete, 2.65m (W), 13.10 (L), The distanceto first row 2.35m .

Hall isdivided into 6 modules, width of each about 5m.

Int(ra]rri%I surface are covered up with hard finishing, ceiling has skylight in
eac :

Sound system, amplifier, microphone and 8 loudspeakers, 4 at each side
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Fig (4) Elevation of side wall

Fig (5) Elevation of side wall

2- Methodology
a Selection case study.
b- Architecture describe for case study.
c- Caculate requirement RT for case study by equa-
tion.
d- Done field measurement by devices in case study.
e- Evaluation basic case from field measurement re-
sults.

Entering architecture data for case study in acous-

tic software simul ation.

g- Done acoustic simulation for case study model.

h- Evaluation basic case from acoustic software sim-
ulation results.

i- Calabrat acoustic software program and compare
RT results by manual equation, field measure-
ment, and acoustic program simulation.

j- Determin acoustic problemsin case study.

k- Suggestion acoustic and architecture treatments
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2.1. RT by Manual equation
In previous paragraph we selected case study and architecture describe then determine requirement reverbera-
tion time for hall from equation

TR=[0.32*Ig(V)-0.17]s, , (V) spacesize,
Whereas TR depends on space volume, required reverberation time is based on furnished occupied areas. When
unoccupied TR, should no more than 0.2 s over required time. (Vary 20% in frequency range 250 Hz to 2000
Hz).the figure shown chart of Requirement reverberation time range for speech spaces”.

Table (2) for RT requirevalues at differnat frequency

125 250 | 500 | 1000 | 2000 | 4000 | 8000 1.4
HZ HZ HZ 12 = UPPER RT
RT requirement 148 | 1.05 1 1 1 1 1 — LOWERRT
1
“rTrI I T 1 T g o8
“en * £
) = 0.6
(¥ ] 0.4
] * / \
™ . s v wp- . - e . - >
E q“k Ay 02
‘ 0 . . . . | .
.0 125 250 500 1000 2000 4000 8000
j OCTAVE FREQUENCIES
w - -0 “ '
Froqaescy P Fig (9) Chart of RT require for hall (case study) Range (0.6-1.2)
The frequency depanding RT [Reverharation Time) rarge for spaach

2.2. RT by Field measurement for basic case
Acoustic measurements are main prerequisite of acoustic investigations. In this research measurements de-
pend on reverberation time measured, it is done through following:

1- Used Devices: there are a lot of types of acoustic measuring equipment but in this research we use
Hand-held Analyzer Type 2270 (B&K) is use with connection of condenser microphone type 4189
(B&K) and omnidirectional loudspeaker type 4292 (B&K) with power amplifier 2716 (B&K). Using the
reverberation time Software BZ-7227.

2- Work Method: analyzer generates noise test signal and excites the space of the room through third oc-
tave filtered noise signal figure (11). The reverberation time measured in different points through the
room at the seating area figure (10). The reverberation time measured using white or pink noise at 1/3
octave band from 125 to 8000 Hz. And calculate the average reverberation time for measurements in
Space.

OmniPower Sound Source

ig (11) Acoustics measuri
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Freg.HZ | point | point | Point | Point
1 2 3 4
125 344 | 364 | 475 | 34

250 444 | 376 | 366 | 311

ﬁng) 1 oiﬁt?ﬁ)r Re%é@er h- 3.98 3.8
10@80n Meadud8n¢nd Bhall 4.8 417 | 2.21.

Re- 2000 | 38 | 363 | 359 | 326 | sults
of 4000 | 232 | 283 | 234 | 234 | field
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8000 [ 14 |133[ 124|131 | O
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Table (3) Reverberation time measurements at 4
pointsin hall 5
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Fig (12) Chart shows relation between Reverberation Time measured in
hall So, RT isbiggest value at 1000 HZ. And RT require

0

easuifed Hither Than Beglfemét rerberation

From chart at figure (12) Reverberation time m
time range for hall, thus the hall is unsuitable

2.2. RT by Computer software simulation for basic case
We evaluate basic case acoustically by ODEON software version 9.2, and calibrate program, acoustic simula-
tion at 3 point in different places, thisis through severa stages:

1- ODEON software

2- Create hall model and entering acoustic data

3- Simulation for hall acoustic performance

4- Results

5- Cdlibrate

2.3.1. Results of acoustic hall (BASICE CASE) by ODEON At receives 1, 2, 3
- Table (4) shown results of acoustic parameters RT

T30()sm —UPPERRT
Rec. no. 63 125 250AVEr§86 1000 2000 4000 8000 5 —— LOWER RT
1 6P| 138" | 280 | 500'| 1008° | 2000° | 4G0eP | sdch SIML. BASE CASE
2 361 389 413| 429 505| 435 233| 119 a
330(s) | 385 | 3487| 389g| 4943| 4883 | 4835 | 2562| 144 ¢
£3
=
o
- Table (5) shown results average of acoustic parameters 2
1
—— ‘——\__
0 T T T . T :
142 125 250 500 1000 2000 4000 8000

OCTAVE FREQUENCIES




From chart figure (13) Reverberation time Fg (13) Chart shows relation between Reverberar
. 1. tion Time simulted in hall so; RT is biggest value at

simulated higher than Requirement reverbera- 1000 HZ. And RT require
tion time range for hall, thus the hall is un-

suitable acoustically for educational process. _ _
2.3. R T by Sabin, Eyring, Arau-puchades

From figure (14) RT is higher than Requirement reverberation time range for hall

[v Il T Sabine
[v Il T Eyring
[+ H T Arau-Puchades

RT (seconds)

Py
'IIIIIIIIIII-IIII’

simulted in
uire

8000

125 250 500 1000 4000

Figure (14) shows RT by Sabin, EyEH8RAFAALE [Ag4dEs (13) Reverberation thequsimulited higher

than Requirement reverberation time range for hall, thus the

Final results through compare between RT reguire &7 rhsaktiraesh RO &AMy B gducational process.

- Table (6) shows RT values (requirement, measurement, simulation)

125 250 500
HZ HZ HZ
RT requirement 148 1.05 1 1 1 1 1
RT average (M easuring) 368 373 436 4.62 3.46 24 1.36
RT average (Simulation) 378 387 406 497 403 25 1.4

1000 2000 4000 8000

6
———SIM. BASE CASE
MEAS. BASE CASE
> ——UPPERRT

= | OWER RT

RT in sec
[F¥]

125 250 500 1000 2000 4000 8000
OCTAVE FREQUENCIES

Fig (15) Chart shows relation between RT,yalues for (requirement, measurement, and
simulation)



From chart in figure (15)
- Thereis no high difference between RT mea & RT sim, thus the program was calibrated,
- RTmeasure & RTsimulate are higher than RTrequire.
- The hall is acoustically unsutable and has acoustic problems.
- The hall needs acoustic and architecture treatments to solve acoustic problems and enhancement acoustic
performanceinit..

3. Conclution
Methodology to evaluate acoustic performance in universities educational spaces and selecation acoustic prob-
lems to suggeste acoustic and architecture treatments to solve this determined problems.
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"The Effect of Voice and Ventilation on the Educational Environment for Down
Syndrome Children"

ABSTRACT

The architect is always looking for how to organize the space and use it well to enable the user to do
his job and practice the various activities comfortably at appropriate conditions. It is known that
elements of any space design have a direct impact on the user. Moreover, al the things can be
touched by our hands, seen by our eyes, heard by our ears and interacted by all our senses which are
part of the experience of architectural space.

So, The designer of space aways move towards the elements of design to meet the psychol ogical
needs of the user, which affect his direction, ideas, views, tendencies and characteristics of
personality and achieve the sensual and psychological comfort.

This study aims to search and follow the most important surrounding aspects for the child of Down
syndrome, which affects his perception and psychological impressions when the child exists in the
space. The most important of these elements can be identified by the voice and ventilation within
the space as part of the value of the surrounding space.
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ABSTRACT

This research investigates the method of soft mobility role on Egyptian neighborhood unit. It discussesits
relationship with the main principles of New Urbanism. And proposes some objectives: Interpret Mobility
new conceptsin New Urbanism, cite urbanism principles and its trends to conclude soft mobility indicators,
design a matrix inventories the compatibility of soft mobility indicators and behavioral dimension. And at
last, the matrix tests the combination of indicators and dimensions in an Egyptian traditional urban fabric,
at Mansoura City.

KEYWORDS: Soft Mobility, New urbanism, sustainable well-being, behavioral dimensions

1. INTRODUCTION

In the nineties of the last era, new urbanism & sustainable urban design and, as a new trend in
Urbanism, emerged in synchronization (Duany, 2001). It integrated both functional, perceptual,
and behaviora dimensions with environmental sustainable ideas. This paper is to make sense of
many ideas and research that bear on urban ecology, sustainable devel opment and mobility effects
on them. Mohility isthe pillar of the economy and a basic need of the contemporary urban lifestyle.
Themain question isif our cities can cope with using cars as a sign of mobility, independence, and
modernity. The great number of cars on streets, manly solo driving, is jeopardizing the urban
context, living, working and relaxing places for people.

The great growth in using cars in traffic with environmental problems also eroded people's
possibilities to have free and safe roaming in open spaces. Thisresearch is a contribution to debate
and discuss mobility patters effects on urban spaces. The idea is developing cities into good
streetscapes quality and turn back from nonfunctional, bleak and unattractive urban spaces fairly.
Negotiate uses of cars in urban spaces towards changing streetscape to an attractive and
multifunctional landscape.

In this reseach, the role of soft mobility in sustainable well-being is explored and discussed
against strengthening urban transformation. The main concept of soft mobility is based on the
protection and enhancing nature and natural processes, and the benefits gained from nature to serve
human needs, are integrated into spatial planning and territorial development, and in strategies of
mobility. Soft mobility promotes many solutions and is complementary, to standard solutions.

1.1. Research problem

Due to modern architecture, it started changing, the dominance of cars on spatial relationships
in city planning professiona practice. After the World War I, this trend was named as
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Conventional Suburban Development (CSD) (Duany, 2001). In this research, it was criticized
because of the lacking of town centers and pedestrian priority (Urbanism, 1996, pg. 5-10), (Duany,
2001). (CSD) spreads out to large areas of the countryside whatever the population growth rate. It
pushes the higher percentage of car ownership in the absence of any public transport system.
Today, New Urbanism suggests action plans to (CSD) (Steuteviller, 2009). It starts with some
principles of enhancing the communities within walking distances.

Fig. (1): A Photo showing the M obility problemsin Egypt (Increasing of population densitiesin urban and
rural centers)

Source: Ministry of Housing, Utilities & Urban communities, 2014 “Urban Future: Egypt’s Urban Policies”,
PowerPoint presentation.

On the other side, urban mobility, people, and goods transportation, is very essentia for
economic and socia well-being but also isagrowing concern. Nowadays urban development faces
a great challenge of how to make soft mobility sustainable and environment-friendly and
competitiveness (Figure 1). Sustainability hasto cope with a steady concern in urban development.
So, New Urbanism role is done to improve communities to develop car problems in the forefront
of their priorities.

1.2. Research hypotheses

Although the Mobility principles of New Urbanism are the most important for many livable
cities, therefore, the research suggests a hypothesis addressed as. "if each one of the groups of soft
mobility indicators and behavioral dimensions make a livable city, the integration of them will
provide convenience solutions to sustainable well-being ."

The paper inventories the indicators of soft mobility inside an Egyptian neighborhood. It
provides a matrix addressed as "indicators of soft mobility to " to be tested upon the case study
from the behavioral milieu; it isthe most tangible to the sustainable wellbeing.

2. Mobility and Sustainable Wellbeing:

Mobility isthe ability of people and freight to travel where they want to go; it can be measured
by kilometers traveled per year: the greater the number, the more the society is mobile. For
example, achieving a system for sustainable transport, drivers should driveless; as, driving acar is
much more attractive than other transport modes, due to its convenience, independent, flexible,
more comfort, fast, safe, and private; cars a so provide more pleasure and status than other transport
modes. In addition to using soft mobility as a new lifestyle, its main am is improving



environmental benefits and urban livability. It includes all non-motorized transport as it is called
“human-powered mobility”. Such as pedestrian, bicycles as an dternative to using cars.
Consequently, knowing how high or low does public accept elements of different sustainable
development is very important.

2.1.Soft mability “Slow Traffic”:

Soft mobility includes all types of Non-Motorized Transportation methods (NMT) that depends
only on human energy (Human Powered Mobility). Slow traffic guidelines drawn by the Federal
Roads Office (FEDRO) in 2002, is a framework to define general conditions for improving
mobility system at urban and regional level. Swissisthe most significant example of public policy
involved in integrating slow traffic into mobility system globally. Soft mobility which includes:
pedestrian, bicycle and other non-motorized methods are "zero impact” mobility as an aternative
to using cars. According to what was mentioned, slow traffic or soft mobility is a different way of
expressing the same concept. Soft mobility can be defined as aspecial form of sustainable mobility
that optimizes urban livability, through keeping individual right moving.

The global concept for sustainable mobility aims to increase urban livability, keeping individual
right moving. Also, soft mobility can improve urban environment referring to:

= Air pollution & noise Levels,
= Traffic congestion.
= Streets safety.
In general, soft mobility and its promotion in urban policies are linked to emissions problem
generated by vehicular traffic. Asis based on by increasing soft mobility this could reduce using
private cars, with regard to short trips.

This should ensure highest levels of urban safety increasing occasions of public spaces
regeneration. Despite this increase, network idea for soft mobility hasn’t been carried out yet.
Integrated facilities supply and services, being aternative to the car use, is still difficult to be
accomplished.

2.2. Mobility in New Urbanism

New Urbanism, is a Nontraditional Design, and an urban design movement that started in the
urban design field in the USA in 1980’s, to enhance pedestrian movement in neighboring units. It
had grown gradually in the direction of reforming the various aspects of urban planning and urban
design. It influenced in urban areas according to standards of urban design to reform the built
environment. Which had fostered life and placemaking quality? It had also retrieved the urban
communities thought that includes various activities with short walking distance. New Urbanism
provides wakable places, which give many options for people living an urban lifestyle in
comfortable and enjoyabl e places. And drives the communities towards the utopian city.

New urbanism principles classification which isbased on basis of three main levels:

1. Region: metropalis, city, & town.

2. Neighborhood, district, and corridor.

3. Block, road, & building.

According to aliterature review pursued on CNU, new urbanism principles, at the neighborhood
level are modified to be ten principles instead of nine (Carmona, 2010). Due to the scope of this
research, only mobility in new urbanism principles related to neighborhood scaleis addressed, and



foster the community which gives choices for pedestrian movement with various activities for all
users. These are, firstly Walkability, Secondly, Connectivity.

221, Walkability:

Accessibility is used often in human geography for evaluating facilities and functions spatial
distribution. When any placeisreached easily by pedestrians or by an appropriate mode of transport
it becomes accessible; it denotes the ease with which any land-use activity can be reached from a
location, using a particular transport system. Accessibility is considered also as the opportunity
available to an individual or type of person to take part in a particular activity or set of activities.

Typical accessibility measureis divided into two parts:

A. Transportation elements, which represent travel difficulty or impendence. It is measured by
travel distance, time, or costs (usually walking distance is measured by kilometer or mile while the
distance covered by vehiclesis measured by travel time) - (EI Wakil, 2007).

B. Activity element represents opportunities available at a particular zone. It is indicated by the
amount and the location of activities of different types. Everyone should have access to outdoor
environments. Lack of accessibility could reduce individual and community activities participation
and reduce people’s ability to take advantage of some opportunities such as socia, economic and
hedlthy lifestyle.

Table 1: Accessibility’s indicators, basic needs, and general goals

Mobility and Sustainable Wellbeing Accessibility
Indicator | 'o0lboxfor Measuring | 5 Need General Goal
I ndicator
Converting street into | Maximum walking
pedestrian thoroughfares | distance before
Pedestrian | Pedestrian ~ Catchment | turning back or
Catchment | Area  For  Primary | opting to drive a
Area Facilities bike or a car rather
Pedestrian  Catchment | han walk. Improving public health by
Area for Secondary encouraging daily physical
Facilities : activity and reducing the
Turn public lots into | Measurethe ease of negative effects of vehicle
public square access from one emissions
Comfortable climatic | point to another '
Connectivity conditions within the
Blocks Size & facade devel opment
Walk  with  dignity,
integrity and without
over crowding

2.2.2. Walkability and Cyclability:

Regular physical activity associated with enhanced health and reduces the risk of premature
deaths. Physical activity reduces the risk of cardiovascular disease, stroke, diabetes type 2, colon
cancer, osteoporosis, depression, and fall-related injuries. Walking isthe most commonly promoted
moderate-intensity physical activity, therefore walking and cycling are the most convenient and
sustainable mode of transport for al local trips. The built environment has to provide a safe
walkable and bicycle network in order to encourage people to walk or bike rather than use private
cars.



The key to pedestrian-friendly neighborhood is to tame than to exclude cars. Which means
reducing traffic speed and reclaiming more street area for pedestrians without removing the entire
cars. Streets can be made more attractive by widening pavements, providing cycle lanes and
caming traffic (Rudlin and Falk, 2009).

Table 2: Walkability and Cyclability’s indicators, basic needs and general goals

. : : Walkability and
Mobility and Sustainable Wellbeing y
Cyclability
Indicator Vep e fo_r WEREL T Basic Need General Goal
Indicator
Sidewalk Network | Continues
Coverage walkable network
Good walking rhythm | aong both sides on
with few interruptions streetsthat linksthe
VllllalkabLe Well-situated cafes and | dwellings to
etwor outdoor restaurants diverse uses within
Beautiful and effective | the neighborhood.
lighting .
— Encourage pedestrian
Good conditions o . .
BicycleLaneKm Continue cyclable Zﬁtg/rlw%birggotgt eter)l(grl uding
Cyclable network along the gether.
Network streets that link the
and Bicycle Facilities dyvellings to
Facilities diverse uses within
the nei ghborhood.
Traff'c Reduce traffic and Reducmg' yehlcle
Calming | parking gradually speeds within  the
neighborhood.

3. Behavioral Dimensions: BD

Behavior is defined and measured due to the importance to the success of any behavioral
analysis. The target behavior characteristics must be sufficiently well defined to allow clear
distinctions done between instances (cases where the target behavior has been emitted) and non-
instances (cases where some other behavior has been emitted). Also, care must be exercised in
behavioral selection dimension monitored to evaluate behavior changes over time.

Urban design through the classified documents rel ates to the relationship between man and the
built environment can be represented in six common dimensions (UDD) (Carmona, 2010). Urban
design documents (UDDs) are perceptual, functional, visual, temporal, behavioral and
environmental dimension (Banerjee, 2001; Baran, 2003; Bartuska, 2007; Carmona, 2010), (Fig. 8).
This research focuses on the criteria of behavioral dimension for the reason of being the most
tangible dimension to the mobility of new urbanism principles. Table 3 illustrates the two main
descriptive indicators of behaviora dimension (Desy,1990; Carr,1992; Gehl,2001; Berison,2008;
llewelyn ,2010; Evans,2012).



Table 3: Behavioral Dimension

Sub-
| ssue

Indicators

Non-
Physical
| ssues

Theinterfereswith the effect on human behavior are:

Users physiological abilities that affect the behavioral response.

An individual's personality that distinguishes him from others and made him
unique in interacting with the surrounding environment (personalization).
Social context in which the individual resides determined by the rules which
routes, and framework of relations between individual s which imposes on all of
them.

Cultural background as a set of social values and beliefsto which the individual
belongs to and that guide the behavior and from the experience.

Human needs such as social, Commercial, etc.

Public participation in all design process.

Equality between all users.

Freedom to act within public spaces.

Freedom in political practices.

Physical
| ssues

It interferes with the mutual effect on human behavior and the built
environment:

The range of ownership of the vacuum due to property ownership between
public and semi-public.

More limits of surrounding buildings and trees, the more powerful of the space
(enclosure). Defined edges and connected to the greater sense of containment
increase the positive interaction between man and environment.

Movement system which affects the performance, and means of accessibility
and movement to the parking area.

Treatment quality used in space raises the efficiency quality.

4. Approach Apparatus

As mentioned, the research suggests a tool to analyze the role of soft mobility in making cities
livable and favorite. Thus, the paper formulates a matrix which called (indicators of soft mobility
vs. behavioral dimension), Table 4. The matrix tests behavioral milieu and soft mobility indicators
based on the case study. It adopts a hypothesis concedes that the behavioral dimension is the most
adjacent to the theory (Dunham, 2000). The matrix has two main axes: indicators of soft mobility
and ageneral framework for behavioral dimensions. Table 4 showsindicators, which are concluded
from the table. 1, and 2, list as five indicators within two main axes. Results achieved from the
analysis of the matrix of relations between indicators and dimensions range is between high and
low: The highest comes from high potentialities with low constrains; medium comes from low
potentialities with low constraints, and the lowest comes from low potentialities with high
constraints. The mutual impact of indicators versus dimensions showed as dots, no mutual impact

showed as blanked cells.




Table (4): A matrix which called (indicator s of soft mobility vs. behavioral dimension)
Source: Authors
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4.1. Field Survey

The surveying process aims and verifiesindicators validity of soft mobility in Egypt. Table 5 shows
surveying methods & techniques for the required task. Therefore, the field survey encompasses
three main phases. appreciate the context, site anaysis, and finally, getting concluded remarks
Table 6.



Table 5: Survey techniques and related methods

Survey Technique Methods.
Appreciate the context Sitevisit & data collection.
Siteanalysis: _ : . .
. L Designing a matrix collected data anaysis. Site
indicator s of soft _mpbl lity site problems, potentialities, and constraints.
characteristics
Further interpreting of anayzing the case study,
Concluded remarks SUIVey OULCOMeS,

Fig. (2): A Photo showing Mansoura city streetsin The past and Now

Source: Authors, http://english.ahram.org.eqg .

4.2.El-Seka El-Gededa “Commercial city center”, Mansoura city: Appreciate the context

Mansouras as many other cities of Egypt had been modernized in the 18th century and its
development has been evolving through a series of political designs. The case study area named
revolution street (El-Seka El-gededa Street) which was named Ismail Street isthe first street to be
constructed within Mansoura old quarter and that was during Khedive Ismail (1863- 1879) period
according to in Mansoura old maps. Ismail's vision of modernization was to turn Egypt into a
European country and Egyptian cities like Cairo, Alexandria, and Mansoura into European cities.

He turned his back to the traditional quarter and started to build new districts and suburbs in
European styles.


http://english.ahram.org.eg/

*El-Mansoura: is an intermediate city in Egypt, Coordinates: 31°03'N 31°23'E. It is the capital of Dakahlia Governorate.
Historically, Mansoura was the place where the crusaders were defeated and for this reason, its first name “The Rose Island” was
converted to its recent name Mansoura “The Victorious”. The City witnessed historical, political and economic development which
affected the socidl life and communities in Mansoura. Now, the City is considered the third capital of Egyptian cities regarding its
importance, population, economic activities, and political power.

Talkha

Fig. (3): EI-Mansoura historical center highlighting main valuable culture regions map

Source: El-Gizawy, L., Shawky, M. Fouda, M., " The Effect of the Urban Heritage Sites Sustainable On The Development Of
Intermediate Cities — Case Study: Mansoura City, Egypt” the 7th international engineering conference International Mansoura
University, Egypt, (2010).

Thisareais nearby the Hussaniya area (southern El-Seka El-Gededa) the first planned areawith
urban fabric in Modern Mansoura and at the north located “Met-Hader” area which is the main
commercial market with about 35% of (residential/commercial) activities (vegetables and fish
market). The study area is considered to present about 50 % of the Mansoura city commercial
activities.

It is the oldest commercial area known in Dakahlia, which is divided into two parts as the first
part; from Port-Said street where the Gold and Jewelry shops (AlSagha) (about 25%), then the
second part with cloth shopsin the middle (around 55%), and the shoe shopsin thefina part (20%).
in addition to amix of uses of commercial activities with peonle and salesmen,

"0 Mgt moa
Batvart ot e unel

L) wgh censry pae
Access sbecty
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Fig. (4): The map shows high-density points, landmarks, and the visual Sequence Source: Authors
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From the property archives of the study area, most of the original owners were foreigners and
now owned by Egyptians with mixed uses of commercial, residential and business activities
(medical, offices and so on).

The area is faced by a set of influence factors, community priorities and needs (housing,
infrastructure, and transport), the physical constraints (vacancies, potential, and obsolescence),
regulatory constraints (authorities and legislation involved) and environmental constraints (air
pollution and underground water). The ignorance of the existence of these constraints would
discredit the practicality of any developmental actions and the sustainability.

El-Seka El-Gededa “Commercial city center” is the most predominance, functionally and
visualy, square in Mansoura city. Choosing El-Seka El-Gededa, as a case study, is due to its
location as afocal point.

It contains various movement elements and behaviora aspects which could be analyzed from
the perspective of indicators of soft mobility. In addition to its location, the cohabitation field of
the researcher makes exploring the site more reliable. El-Seka El-Gededa locates within a
distinctive place (Figure 4), as well as containing principles which contribute to configure
responsive community. On the other hand, the master plan of El-Seka El-Gededa presents negative
aspects from the perspective of the soft mobility that needs to be analyzed to overcome them.

4.3.Testing Indicatorsvs. dimensions: Siteanalysis

Analyzing the site aims to find out the current status of El-Seka El-Gededa. Table 6 represents
the indicators of soft mobility versus the behavioral dimension. In addition to, this phase endeavor
answers to the following question: to what extent does El-Seka El-Gededa conforms to the
indicators of soft mobility?

Firstly, the pedestrian-friendly/walkability, and connectivity: The routs system achieves a high
connectivity/permeability due to the street/block system which characterized by the medium size
and street hierarchy. The site has severa types of movement; these are the private cars, microbuses,
and the pedestrian movement. The private car represents the main means of connectivity in this
area. They benefit from the high connectivity realized by the street/block system. The street/block
system gives al public spaces and places the quality of accessibility. Although this high
connectivity is a positive factor for indicators of soft mobility, the car has the main dominance.
This, in turn, affects the variety of activities and the exploitation of spaces by the other movement
elements.

The shortage of parking places creates a basic problem that limits the capacity of urban spaces
to achieveindicators of soft mobility; Cars can only park on the sides of the commercial axes. They
even park sometimes on the sidewalks, these hazards in the pedestrian movement from the physical
barrier to their movement.

Although public microbuses cover El-Seka El-Gededa, the dependency on this type is missing;
quality of buses and bus stop locations are not suitable to the Mansourainhabitants way of life. In
the initial layout of Mansoura, the routs appeared not separated from vehicle movement. Many
factors enhance the efficiency of these paths and encourage peopl e to use them; arcades to provide
shadow for walkers. The site enjoys various types of landmarks. These enhance paths orientation,
in addition to, exploring the place. The occupation of sidewalks by vendors and shops extensions
represents another negative factor.



Table (6): The matrix 'Pedestrian Friendly/Walkability, and Connectivity'" Vs. Behavioral dimensions
Source: Authors
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Horizontally, the relationships between Blocks Size & fagade comparing with behavioral
milieu score a high percentage “100%”. The same as the previous step, indicators such as




Comfortable climatic conditions, Beautiful and effective lighting, Bicycle Lane Km, Bicycle
Facilities have zero% incompatibility with behavioral issues.

Therefore, these indicators should have the action priority in the re-designing process as they
have the highest achievementsin the study area.

Fig. (5): The characteristics movement pattern in El-Seka El-Gededa:

(a) The high capacity of traffic in El-Seka El-Gededa Street; (b) the occupation of sidewalks by shops extension and
roadside parking; (c) bad treatment of sidewalks pavement; (d) The occupation of sidewalks by vendors (e)the unsafe
pedestrian movement
Source: Authors

4.4.Concluding remarks: Survey outcomes

From Table 4, the paper concludes some remarks.

Vertically, the issues equal between all users; Equality Between all users, Freedom to act with
Public Spaces, and Enclosure took high grades percentage.

Consequently, it leads to the percentage of aweak equity among all users. On the other hand,
the grades percentage that follow express of Human Needs, and Movement system range from
medium to high .

Ultimately, the following three Indicators; Blocks Size & fagade, walk with dignity, integrity
and without overcrowding, and Well-situated cafes and outdoor restaurants received the highest
percentage . Furthermore, the last sub-issues of the behavioral dimensions received a weak
percentage of the grade in comparison with indicators of soft mobility .



4.5.The Development Proposal:
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5.Conclusions

This research is doneto find the relationship between indicators of soft mobility through one of
the urban design dimensions under a certain hypothesis which might be true if taken into
consideration the following:

- Public participation can play a great role in motivating the indicators and dimensions
towards area application

- Soft mobility indicators have to respect the cultural context of a certain context.

- Percentage of the mutual impact between indicators and dimensions numerically must be
done by adigital model.

Current work followed the inductive analytically and an empirically approaches. focused on the
quantitative analysis whereas a case study analysis depends on the results of the previous
quantitative. This research was designed for this purpose, a matrix which addressed the indicators
of soft mobility versus behavioral dimension and taking into account soft mobility to accommodate
the change in human needs and rights.



Thisresearch proposes further researches as away to devel op the proposed integrated approach,
test a matrix. In addition to indicators of soft mobility that may play an important role in
neighborhood units’ constructive integration.
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Abstract
In the late of nineteenth century, the city of Tanta saw a new light, thanks to the seizing of power by Khedive
Ismailin 1863. Hisreign had a great impact on the city and its architecture, ushering in anew, visionary era. He
sought to open the city, and orient it westwards: making it an integrated modern city, open to the world, and a
place where peoples from every corner of the Mediterranean once rubbed shoulders. Together with Egyptians,
they created the modern city. All religions and nationalities played a part in the tapestry that was Egyptian life —
al echelons of society celebrated the multitude of festivals that punctuated the year. However, it was not the
multitude of nations or identities that mattered, but their conviviality and harmonious integration. It was a
pluralistic society founded on the birth of a distinct xenophile: both generous, and content. (Saleh 2015)
This research seeks to shed light on the authentic and significant fabric of the city of Tanta, which makesits
historical identity,Reveal and interpret heritage significance and values of the city and its urban fabric, which

still have features and attributesin the city to be preserved and included in future devel opment plans to
emphasize the authentic urban fabric of the city that distinguish it from other cities of the Delta.

The purpose of the study isto raise awarenessof thepresent generation about the extent of the greatness of what
Khedive Ismail caused in the architecture and theurban fabric of the Egyptian state specialy in city of Tanta
because the identity of the city is no longer evident asit was especially that contemporary urbanism distorts the
features of the city andThe situation is getting worse and worse day by day.There must be a pause to
reduceunplannedurban development to make a visualdisparity between old and new fabric, control the
construction processes in heritage districts to make sure that it will not distort the urban fabric

One of the main prospective results of this research isto include the Khedive district in the city of Tantaas a
heritage district which must be protected by Law 119 -2008, which governs all the features of the urban heritage
districts( height of buildings, style of fagades, lighting, landscaping, and sidewalks) (Hawas 2013) and others,
which will protect the visua unity of the district and preserve its authentic context and its relation to the
neighboring districts: generaly to begin planning the historic Egyptian cities on the basis of its advantages and
the development of its historical monuments. Heritage buildings registered under Law 114 - 2006 (Hawas2013)
and the enrollment of unregistered buildings to be preserved and reuse all heritage buildingsto achieve a
sustainable future for them and for the whole district.
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