Number 3 Volume 14 September 2008 Jour nal of Engineering

PORCELANITE ROCKSASA DUAL FILTER MEDIA
INWATER TREATMENT PLANTS

Dr. Awatif Soaded Al-Saqgar Batool Mohammed Al-Bayaty
Civil Engineering Department Civil Engineering Department
College of Engineering College of Engineering
University of Baghdad University of Baghdad
ABSTRACT

Porcelanite rocks were selected to be the dual media with sand in this study to improve the
performance of the filtration process in water treatment plants. The work required installing a pilot
filtration unit in the location of the filtersin one of the water treatment plants, so the experimental work
was performed on the same influent water of the filtersin the plant (the effluent from the sedimentation
tank. The pilot filtration consists of three plastic column filters, working paralel and simultaneously.
Thefirst contains 70 cm sand (the same type used in the filters of the plant), the second and third were
dual filters (porcelanite with sand) of different depths and sizes using different filtration rates (5, 10,
and 15 m/hr). The results showed that the dud filters had better performance than sand filters in
turbidity and bacterial removal, less initia head losses and less total head losses at different filtration
rates.
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INTRODUCTION

Filtration is the most common process for the treatment of surface water, it is the fundamental system
in awater treatment process train. Filtration removes suspended solids, including microorganisms such
as Crypotosporidium oocysts, Giardia cysts, and Parasite eggs, (Kawamura, 1999). Dua media filters
offer the advantage of less head losses, a greater capacity for retaining suspended solids, and less
emphasis head be placed on settle ability of suspended matter, but greater emphasis on coagulation is
required than for rapid sand filters to obtain the same filtered water quality, (Tuepker & Buescher, 1968).
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Al-Anbari, (1997) selected suitable and durable locally filter media. He tested lightweight materials like
[porcelanite rocks (PR) and burnt kaolinite (BK)], and a heavy weight media like [geothite rocks
(GR)]. For single media filter, porcelanite (PR) and kaolinite (BK) gave better results in turbidity
removal efficiency (TRE %) and net water product (NWP) value (m*/run) than sand medium. This was
because of their higher porosity and angular grain surface textures. Also for dual media filter PR and
BK showed the same conclusionsin (TRE %), (NWP), increase in length of filter run, and lower head
loss accumul ation.

Al-Ansary, (1998) evaluated the performance of alocaly porcelanite rocks (PR) as afilter mediain the
treatment of water supplies. The results showed that the PR filter is more effective in turbidity removal,
more length in filter run, and less head loss during filtration nearly by (40%).

Al-Auraji, (2003) made a research to improve the performance of the filters of Al-Daura water treatment
plant by using locally materias such as porcelanite rocks (PR) and burnt kaolinite (BK) as well as
anthracite. The results showed that dual media filter gave better water quality, lower head losses, and
longer filter running time than single sand filters.

PORCELANITE ROCKS

Porcelanite rocks in Irag, are from an industria bed of (0.5 to 1.3 m) thickness in the Safra, and
Trafawi site of the Jeed formation in Al-Rutba region, western of Irag. Rocks of these deposits are
composed of medium ordered crypto and microcrystalline opa-CT, associated with authigenic quartz,
carbonates, clay mineras, halite, and apatile. Porcelanite rocks are largely composed of sponge
spicules (pores) and some other siliceous micro fossils (diatoms and radiolarian) as well as silicified
forminiferaand nannoplankton, (Mohammed, 1993 #2%¢),

Abed-Ohn, (2003)*® showed the high efficiency of porcelanite to extract ions of heavy metas (Fe, Zn,
Cr, Cu, Ni, Co, Cd, Pb, Mn) from water, and lowering their concentrations to less than the
environmenta limits. This was achieved when using porcelanite of granular size (0.15 to 0.25 mm).
The adsorption capacity of porcelanite is due to the large surface area within the composition of
cristobalite and tridymite. Some of the chemical and physical analysis for the porcelanite samplesis
shown in Table (1).

Table (1) Chemical and physica analysis for the porcel anite samples of Traifawi site Hs

Chemical SOz || AlO3 || FEXO3 || TiO2||P20s|| CaO || MgO || NaxO || KO || L.O.l
Composition
| % || 8357 || 062 || 445 |[o01][182]] 146 || 05 ][ 016 || 022 || 59 |
Specificgravity || Rangefor 5Sample || Average(SG) || Recommendation |
(SG) | 15161 | 1554 | Ok |
| Por osity | 052 |

THE PILOT FILTRATION UNIT

Fig.(1) is a schematic representation of the pilot filtration unit that was installed in the location of the
filters in Al-Wathba Water Treatment Plant. The pilot filtration unit consists of: a galvanized
cylindrical tank of capacity 500 L was set at a distance of (3 m) above ground level to achieve the
required head of flow; three plastic columns were designed and constructed to run in parallel with
down flow direction, these columns are (10 cm) in diameter according to (Robeck & Woodward, 1959) and
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(AWWA Manual, 2000) and (180 cm) in length. The arrangement of layers for the three down flow filters
are shown in fig.(2).
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EXPERIMENTAL WORK
Nine runs were operated as down flow filtration in order to compare the performance of the sand filter

and dud filters.
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RESULTS

Turbidity Removal

Tables (2) summarizes turbidity removal efficiency for each run. It could be observed from this table
that the three filters were efficient in turbidity removal, in filter no.(1) the removal efficiency ranged
(82 to 95 %) as for filter no.(2) it ranged (82 to 96 %) and in filter no.(3) it was (83 to 95%). At the
same period and under the same operation conditions the filters of the plant showed aturbidity removal
ranging between (79-97%) as shown in table (3). So the dual filters performed within the same range as
of the filters of the plant for turbidity removal.

Fig. (3) to (5) show the changes in turbidity with time. As shown from these figures, the turbidity
decreased with time through the filtration run and the turbidity of the treated water in all runs was less
then 3.2 NTU. All the filters gave similar removal efficiency for turbidity.

Table (2) Turbidity removal efficiency for the threefilters.

Average effluent turbidity (NTU)
Turbidity removal efficiency (%)
Run Filtration Averageinfluent
No. R idity (NTU
© ate turbidity (NTU) | Eijter No. (1) Filter No. (2) Filter No. (3)
(m/hr)

1 1067 0.554 0.46 05
95 96 95

6 5 1371 0.95 104 1.06
93 92 92

7 1031 141 1.38 129
86 87 87

3 749 0.73 0.7 0.71
90 91 91

5 10 29 0.8 0.81 0.96
90 90 88

8 155 2.86 2.85 2.7
82 82 83

5 633 0.62 0.43 0.46
90 93 93

4 15 8.5 0.85 0.83 0.87
90 90 0

9 10.95 164 151 159
85 86 85

Table (3) Turbidity removal efficiency of filter no. (1) and the filters of the plant

Effluent turbidity (NTU)
Turbidity removal efficiency (%)
Run Influ. -
Filtersof the plant
No. Turb. .
(NTU) Filter No. (1)
Filter No. | Filter No. | Filter No. | Filter No. of thepilot unit
2 4 (6) (8
1 7 15 05 05 25 03
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Fig. (5) Influent and effluent turbidity with time, filtration rate = 15 m/hr, Run No. (2).

Effect of Filtration Rate on the Turbidity Removal

The experimental work showed that the turbidity remova efficiency reduced when the filtration rate
increased. From fig. (6) the three filters had approximately the same efficient in turbidity remova at
different filtration rates.
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Fig.(6) Average turbidity removal efficiency at different filtration rates for the three filters
Head L ossthrough Filters
Initial Head L 0ss
The average value of the initial head |osses for the filters are shown in table (4). Filter no. (1) showed
the highest value in initial head loss for all filtration runs. The dual filter No. (1) showed the less initial
head losses. Theinitial head losses increased when the filtration rate increased.

Table (4) Averageinitia head loss for the three filters

N Initial head loss (cm)
T Filtration
°c ratem/hr | Filter No. (1) | Filter No.(2) | Filter No. (3)
14 5 14 11 9
16 10 28 20 18
16 15 38 31 27

Head L ossVariation with Time

Fig. (7) to (9) show the variation in the head loss with time at different depths for each filter. For the
same volume and quality of water passing through the filters, sand filter no. (1) showed the higher head
loss at different depths. This phenomenon is due to the high porosity of porcelanite compared with
sand, sustaining a greater load of sediments with lower head losses and the removal is confined within
the top layers of the filters.
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Fig. (10) shows the effect of different filtration rates on the head loss in each filter. It is clear that, increasing the
filtration rate will increase the head losses in the tests filters. The dual filters show less head losses then sand
filter which is clear in table (5). The head loss in filter no.(2) is (15 to 43 %) lower than that in the sand filter and
filter no.(3) is (18 to 46 %) lower.
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Bacterial Removal

Table (6) shows the average bacteriad removal efficiency for the three filters. It is clear that the dual
filters (2 and 3) gave higher removal efficiency than the sand filter for all filtration rates through out
the experimental work.

The average bacterial removal efficiency for the three filters decreased slightly when the filtration rate
increased.

Table (5) Head loss for the three filters

% Reduction
Head loss at the end of run (cm) | compared to filter no.
Run No. | Filtration | Run time (1)
" | ratem/hr (hr) Filter No. | Filter Filter | Filter No. | Filter No.
Q) No. (2) No. (3) 2 (3)
1 5 29 53 32 31 60 58
2 15 16 85 72 70 85 82
3 10 25 66 53 51 80 77
4 15 18 86 73 70 85 81
5 10 16.5 70 54 50 77 71
6 5 30 52 33 31 63 60
7 5 8 27 19 16 70 59
8 10 8 45 34 32 76 71
9 15 8 96 55 52 57 54
Table (6) The average bacterial removal efficiency for the three filters
Plate count removal efficiency %
Filtation
rae Filter No. (1) Filter No. (2) Filter No. (3)
m/hr

5 77 83 88

10 68 73 74

15 68 73 74
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CONCLUSIONS

This study introduced a dud filter to improve the performance of the filters in water treatment plants.
To approach this am a local material knows as porcelanite was used as the dual filter. From the
experimenta work of the pilot filtration unit thisfilter gave the following results:

1- Thedudl filters were efficient in turbidity remova asin sand filters. The turbidity of the treated
water was less then 3 NTU when using different filtration rates (5, 10, and 15 m/hr). The
maximum turbidity removal efficiency for the sand was 95 % and for dual filters 96 % at 5 m/hr
filtration rate.

2- Theinitiad head losses increased when the filtration rate increased and the dua filter showed
lessinitial head losses than sand filters about (21 to 29%) at different rates.

3- Thetotd head loss in the dual filters was about (15 to 46 %) lower than that for sand filters at
filtration rates (15 to 5 m/hr), respectively. High filtration rates increased the head loss at
different depths.

4- Bacterial removal efficiency was high, about 6 % more in the dual filters than in sand filters at
filtration rate 5 m/hr. It decreased slightly when the filtration rate increased.
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WATER QUALITY INDICES FOR TIGRIS RIVER IN
BAGHDAD CITY
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Engineering University of Baghdad College of Engineering University of
Baghdad
ABSTRACT

Due to the deterioration of water quality within the last few years because of the
increase of water consumption and the waste water production and disposal into the
river The water quality in both surface and ground water resources was negatively
affected .The concept of water quality index is used as a tool for water quality
classification in Tigris River within Baghdad City .Twenty two parameters of
pollution were selected to measure the water quality indices of Tigris river within
Baghdad city .Those parameters were measured during (2000-2004)as average
monthly values ,three water treatment plants were selected out of the eight water
treatment plants that exist along the river.Al Kharkh water treatment plant to reflect
the water quality north of Baghdad ,Al Wathba water treatment plant to reflect water
quality at the center and Al Rasheed water treatment plant located south of Baghdad
to reflect the water quality at this area .The estimated water quality indices indicated
that the river quality deteriorate south of Baghdad and the geological and
hydrological conditions played the prime role relative to the agricultural and industrial
activities within the catchments on the quality of Tigris river .Furthermore ,due to the
continuous decrease of flow and the simultaneous increase in agricultural and
industrial development with time ,the river showed a general deterioration in quality
while the worst years were 2002,2003 due to the significant decrease in the amount of
flow .
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INTRODUCTION

Developing countries are undergoing a transition period from a largely agrarian
economy to intense industrial activity. People and establishment congregate at certain
areas and their activities produce external effects ,whether beneficial or adverse, on
the environment that support them. One of the most vital components of the
environment is the water. Because of a growing global awareness in the maintenance
of "clean world", public and private agencies have come to realize the importance of
surface water to a nation's economy. Knowledge of water quality thus plays a
significant role in the development of water quality control and management
strategies.

The use of numerical index as a tool in water quality assessment is necessary. An
index is a number , usually dimensionless, which expresses the relative magnitude of
some complex phenomenon or condition.(Lohani,1990)

A water quality index also is a communication tool for transfer of water quality
data ,and is obtained by aggregating several water quality measurement in to a single
number .Index refers to simplified expressions of a complex set of variables They
have proved to be very efficient in communicating water quality information to
decision makers and to the public. Water quality indices and classifications should not
be the only method used for analyzing and reporting data from water quality
monitoring system ,because it my be not possible to determine less obvious trends in
water quality and some water quality variables may change without affecting the
overall classification.(Lohani,1990)

The system for defining water quality in terms of index numbers offers promise as
a useful tool in the administration of water pollution abatement The promise lies in
the opportunity to improve techniques evaluating water quality conditions and for
describing water quality in terms of comparative values
The water quality index is based on the understanding that water quality and pollution
are relative terms, a concept that although recognized in theory ,is not always so
readily recognized in practice.(Lohani,1990)

The interrelationships between the variables themselves are usually ignored.
Physical and chemical processes that occur in water are so complex and
interdependent that a stress on one variable frequently affects the other variables as
well. When only one or two variables are considered at a time ,the overall relationship
between combinations to over come these limitations is the use of water quality
index.(Lohani,1990)
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Theoretically, any number of characteristics could go into the makeup of a quality
index . However ,too large a number would make the index unwieldy .Therefore, it
appears practical to use only those characteristics that are of greatest significance Also
to permit comparison of water quality from one area to another ,it seems desirable to
select characteristics that are generally significant in most parts of the capital (Al
Saffar,2001)

DESCRIPTION OF TIGRIS RIVER

Tigris River originates in Torous mountains in southern Turkey and enters Iraq at
Phaish-Khabur on the Iragi —Turkish border.

The length of the river is about 1900 kilometers .About 1418 kilometers of the
river is located in Iraq from Phaish-Khabur till it joins the Euphrates river at Qurna.
Five tributaries feed Tigris river in Iraq these are :

*Al-Khabur river joins Tigris river at Phaish-Khabur.

** Greater Zab joins Tigris river at allocation 70 kilometers down stream of Mousl
city.

*** | esser Zab river joins Tigris river at a location 30 kilometers north of Fatha site.

**xx Al Adaim river joins Tigris river down stream of Sammara just few kilometers
north of Balad city.

***** Diyala river joins Tigris river at a location 32 kilometers south of the center of
Baghdad city .

Tigris River drains an area about 340500 square kilometers .Most of the
catchments is covered by sedimentary rocks while small areas confined to the north
and north eastern parts of the catchments are covered by igneous and metamorphic
rocks.

The climate of the Tigris basin is considered as arid and semi-arid .The annual
precipitation exceeds 1000mm/year in the north while it decrease to less than
50mm/year toward the south (Al-Ansari et al.,1981)

Baghdad is the capital of Iraq ,is heavily populated about 5423964 -capita
(Annual Abstract Of Statistics,2001) and Tigris river is the only water resource for the
city.

At Baghdad city there are seven water treatment plants located along Tigris river
starting from Al Kharkh water treatment plant to the north of Baghdad till Al Rasheed
water treatment plant to the south of Baghdad ,these plants supply the people in
Baghdad with potable water. Fig(1) shows the locations of the plants in the reach of
the river under consideration and table (1) shows the distance of each plant from the
reference point and the distance of each plant from the other.(Nasser,2001)

Water is abstracted from Tigris river to be used as raw water for potable water

supply and industrial purposes. The river water is also used for irrigation
,fishing,tourism and other beneficial uses.
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Besides the river receives wastes from domestic consumers and from industries
through outfalls distributed along its banks.In addition ,Tigris river acts as a drainage
channel for transporting surplus water to the Arab Gulf.(Al Saffar,2001), fig (2)

showing the flow diagram of Tigris river with industrial, agriculture and domestic
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Table (1) the locations of the plants in the reach of the river

water treatment plant Distance from reference | Distance  from each
point(Km) others(Km)

Al Kharkh wtp 0 0

Sharq dejla wtp 30 30

Al Karama wtp 40.76 10.76

Al Wathba wtp 43.47 2.71

Al Qadissia wtp 55.02 11.55

Al Dora wtp 58.78 3.76

Al Rasheed wtp 67.09 8.31

BASIC CONSIDERATION FOR THE POLLUTION INDEX

The pollution index can be defined as a truly relative term. The permissible
pollutant level at allocation of a water use is recommended here as standard value for
the index .

When the multiple items of water qualities are expressed as Ci s and the
permissible levels of the respective items for a use are expressed as Lij s, the pollution
index for the use j ,Plj may expressed as a function of the relative values
(Ci/Lij).Here, i is the number of the i-th item of water quality ,and j is the number of
the j-th use( Nemerow,1974)

Plj= A function of [(Ci/Lij )s] (1)

The index may be expressed by the relative value (Ci/Lij) s as shown in relation
(1). Each value of (Ci/Lij) shows the relative pollution  contributed by the single
item .A value of 1.0 is the critical value for each (Ci/Lij).Values greater than 1.0
indicate that the water requires some treatment prior to use for specific purpose
.Likewise, when combining the individual values of (Ci/Lij)s in to a common index
,values over 1.0 signify a critical condition under which a proper treatment is
necessary for the water use,we propose a reasonable method for an over all expression
of pollution .The average value of all the calculated (Ci/Lij)values may be
recommended as one of the most important parameters for the Plj
The index may be expressed using the maximum and mean values of the
(Ci/Lij)values as shown in the next relation( Nemerow,1974)

Plj=f(max.of(Ci/Lij)s and mean of(Ci/Lij)s) (2

The general quality expression of pollution for use j is related to the length of a
line between the origin and each point .The length is determined by the two values of
the maximum and mean of (Ci/Lij) values , we propose to neglect the effect of angle 6
in fig (3) .The pollution index for use j ,Plj is measured by the length of the radii of
the cocentric circles ,therefore relation (2) is expressed as follows:
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Fig(3) Relationship between mean and maximum ratios of contaminant
concentration and allowable concentration.

Plj=m V max(Ci/Lij)*+mean(Ci/Lij)? (3)

Here ,m =the proportionality constant
A critical condition to determine the coefficient m is recommended as follows

IIDIj:l.O,when max Ci/Lij =1.0 and mean Ci/Lij=1.0 4)

This means that the index for use j is expressed as 1.0 when all items of water
qualities are just equal to their respective permissible levels for the use .the relation
(3) is as follows under relation (4) :1.0=mV1?+1%m=1/\2

Therefore, Plj is proposed as follows :Plj=Vmax(Ci/Lij)*+mean (Ci/Lij)%/ 2
(Nemerow,1974)

One possible procedure for establishing the overall index Pl is that the relative effects
are determinable as simple constant numbers in an overall estimation.
Judging from the fact that each Plj values is relative value, nondimentionaol, and that
the relative importance of each use may be generally determined as a constant value,
the overall index Plj is proposed as aweighted average value of all the Plj s as
follows:

j=n
PI=) (wi .PIj) (5)

=1

Here wj=Weight coefficient (constant value) ,which is determined by the relative
importance's of the water use j in the region or society.
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n= Number of water uses

j=n
and Y (wj)=1

=1

consideration is given to the practical grouping of water uses (j s)and the
reasonable items of water quality (I s) for the practical application of the proposed
indices ,grouping of water uses may be possible and facilitate calculation of the
pollution indices. The following three groups are recommended for separate index
expressions.

1-  Human Contact Use (j=1),which includes drinking,swimming,beverage
manufacturing.

2- Indirect Contact Use (j=2) ,which includes fishing ,industrial food
preparation,agricultural use

3- Remot Contact Use (j=3) ,which includes industrial cooling
,aesthetic,navigation.

The overall permissible levels (Lij s) should be determined for the three
grouped uses by applying the permissible contamination levels for each particular
use.(Nemerow,1974)

WATER QUALITY INDICES DETERMINATION

The average monthly concentrations of twenty two parameters of pollutants were
collected from Baghdad water administration for three water treatment plants along
Tigris river, Al Kharkh water treatment plant water to reflect water quality at north of
Baghdad ,Al Wathba water treatment plant to reflect water quality at the center and Al
Rasheed water treatment plant at the south of Baghdad to reflect water quality at this
area ,Table(2) shows the quality items according to the Iraqgi specification
no.417,2001 .Table (3) shows the water quality indices for the period (2000-2004) for
the human contact use .Table(4) shows the water quality indices for the same period
but the indirect contact use .Table(5) shows the water quality indices for the remote
contact use .The limits used in the calculations are according to the Iragi specification
No0.417,2001,and according to EEC,1998.

The relative weight may be determined tentatively according to its important in our
society :

w1=0.5, w2=0.3, w3=0.2

therefore

Pl=w1*PI1+w2*P12+w3*PI3

Table(6) shows the overall water quality indices for the same period and table
(7)shows the overall water quality indices for the whole period.

Figure(4) shows the bar chart of particular water quality indices for the period 2000-

2004 for each plants, and the figures (5)and(6) show the particular water quality
indices for the whole period.
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TABLE(2) QUALITY ITEMS USED IN WATER QUALITY INDICES
DETERMINATION

Quality item Limts Quality item Limts

C1 color C12 Total solids

C2 temperature C13 Magnisum

C3 alkalinity Cl4 Suspended solids
C4 Total hardness C15 Sulfate

C5 calcium C16 Iron

C6 conductivity C17 floride

C7 pH C18 amonia

C8 turbidity C19 nitrate

C9 silica C20 nitrite

C10 chloride C21 coliform

C11 aluminum C22 Fecal coliform

TABLE(3) WATER QUALITY INDICES FOR the Human Contact Use( j=1)

Pl AL Kharkh WTP AL Wathba WTP | AL Rasheed WTP
2000 15.476 22.821 26.822
2001 15.472 23.245 27.991
2002 16.280 22.163 37.177
2003 15.900 22.867 35.757
2004 15.569 21.305 25.618

TABLE(4) WATER QUALITY INDICES FOR the Indirect Contact Use( j=2)

Pl AL Kharkh WTP AL Wathba WTP | AL Rasheed WTP
2000 1.301 1.810 1.801
2001 1.168 1.751 1.537
2002 0.8 1.226 1.244
2003 0.826 1.458 1.305
2004 0.803 1.359 1.177
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TABLE(5) WATER QUALITY INDICES FOR
the Remote Contact Use( j=3)

Pl AL Kharkh WTP | AL Wathba WTP | AL Rasheed WTP
2000 5.995 5.386 3.078
2001 6.068 5.911 4.135
2002 4,928 4.437 4.080
2003 4.863 6.056 3.594
2004 5.135 6.183 4.627

TABLE(6) THE OVERALL WATER QUALITY

SELECTED PLANTS

INDICES FOR THE

Pl AL Kharkh WTP AL Wathba WTP | AL Rasheed WTP
2000 9.327 13.030 14.566
2001 9.3 13.33 15.283
2002 9.365 12.336 19.777
2003 9.17 13.081 18.988
2004 9.052 12.296 14.087

TABLE(7) THE OVERALL WATER QUALITY INDICES FOR THE WHOLE

PERIOD

PLANTS PI1 PI2 PI3 Pl
ALKharkh 15.778 0.961 5.479 9.271
WTP

ALWathba 22.592 1.523 5.714 12.895
WTP

ALRasheed 26.752 1.418 3.993 14.6
WTP
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Fig (6) The particular pollution indices for the whole period.

CONCLUSIONS

*-water quality indices for the Al Rasheed WTP were greater than the water quality
indices for Al Wathba WTP the indices for Al Wathba WTP were greater than water
quality indices for Al Karkh WTP .which indicates that the water quality of Tigris
river deteriorate south of Baghdad

*-The deterioration as going down stream the river reflects the cumulative effect of
agriculture and industrial activities .Furthermore ,the water quality indices were
noticed to be abnormally high during 2002 and 2003 due to the lowest precipitation
in those years.

*-The water quality indices for Al Rasheed WTP showed that they were generally
deteriorate with time ,this degradation is due to the decrease in the amount of flow
coupled with an increase in the agricultural and industrial development within the
basin.

*-The relative low water quality indices in year 2004 are due to the dilution caused by
high flow and precipitation during the year.

*-The water quality indices for the human contact use are greater than the indices for
the indirect contact use and the remote contact use, while the water quality indices for
the remote contact use are greater than the indices for the indirect contact use.

*- High water quality indices for the human contact use are due to the high
concentrations of coliform and fecal coliform bacteria while the high water quality
indices for the remote contact use are due to the high concentrations of turbidity in
river water .
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ABSTUCT

This paper studies video conference system over low bit rate network. As a result of this study,
some ideas are employed to transfer video and audio information through the dial up network with
minimum jerky views, discontinuous voice and with a reasonable number of users. A video
conference standard, which contains video standard and audio standard, is chosen to build a
developed Video Conference System that takes into consideration the monitoring of the network load,
by using a special designed sensor, called Network Load Sensor. The NLS is built to sense the
network load. Based on the test results, the video resolution and audio compression ratio vary
continuously. The system is implemented using visual C++, with using of sockets programming as the
interface between clients and the conference server and the use of the Windows Multimedia Platform
SDK, which support some audiovisua functions.
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KEY WORDS:
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INTRODUCTION
Multimedia involves any combination of two or more of the following elements. text, image,
speech, video and applications or programs and Distributed system is a collection of independent
computers that appears to its users as a single coherent system [TAN, 02], while, the term Multimedia
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Distributed System means the distribution of multimedia processing across a collection of computers
in anetwork.

Multimedia applications like Video Conference VC system generate and process continuous
stream of datain rea time. They contain large quantities of audio, video, and other time-based data
elements, and the timely processing and delivery of the individua data elements is essentid. "In
distributed system, data transmission is prerequisite, so the main topic in multimedia distributed
system is how to transfer multimedia data within the demanded quality"[MIN, 02].

The paper objectives are:

Study and analyze multimedia distributed systems and take an example the Video Conference

system with its standards

Propose an adaptive system that transmits video/audio in continuous stream with variant

resolution, using adia up system as a mediaof transmission. The system will not use the internet,

in any stage during its operation, as a media of transmission.

Develop aVC system based on the proposed adaptive system.

The outline of this paper is as follows: section 2, shows the genera architecture of any video
conference system. Section 3, shows our system architecture and in the section 4 the mechanism of
the system is explained. In section 5 the requirements are explained with the performance of the
system in section 6, the last section shows the conclusions of the system.

-VIDEO CONFERENCE SYSTEM ARCHITECTURE

The speech and video input are compressed and sent to the communication medium; received
audio and video are decompressed and sent to the monitor and speakers. The document information
can be displayed together with the video and can be compressed or decompressed in amanner similar
to that used for video and audio. When there is not enough bandwidth for communication, audio
together with document conference may serve as aviable substitute for VC.

A VC system uses some types of the hardware or software that performs compression is called
codec which provides Compression rates of up to 1:500. The resulting digital stream of 1'sand O's is
subdivided into labeled packets, which are then transmitted through a digital network of some kind
(usualy ISDN or IP). The use of audio modems in the transmission line allow for the use of Plain Old
Telephone System (POTS), in some low-speed applications, such as video telephony, because they
convert the digital pulses to/from analog waves in the audio spectrum range.

A camera and microphone capture the picture and sound of avideo session and send those analog
signals to video capture adapter board. To cut down on the amount of datathat must be processed, the
board captures only about half the number of frames per seconds that movies use, which is one reason
that the video may ook jerky-the frame rate is much slower than the eye is accustomed to seeing. On
the video capture adapter card, an analog to digital converter (ADC) chip converts the wavering the
analog video and audio signalsto adigital format (the only difference for the digital Web Cam is that
it hasits own ADC and don’t use the video card).

A compression/decompression chip or software (the software is implemented in the digital signa
processor (DSP) which takes its instruction from the ROM) reduces the amount of data needed to re-
create the video signals.

The compressed video and audio signas are sent to the Network Interface Card (NIC) or modem,
which will use the Digital to Analog Converter (DAC) to get the analog format that the telephone line
uses through transmission, or may be sent over specia telephone lines, such as ISDN or DSL lines,
that transmits the datain adigital format without the need to the DAC.
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At the remote location asimilar PC receives the analog signa by the modem or NIC and converts
it through its ADC (the digital signal with ISDN or DSL don’t need the ADC), decompresses the
incoming signas by the DSP and finaly converts the decompressed signals to an analog format to
display it on the screen and speakers [HWA, 98] [WIK, 06] [WHI, 99].

* SYSTEM ARCHITECTURE

The proposed system is an gpplication system; it works in the application layer and connects to the
network layer through sockets. The system is allocated on a 56 Kbps modem or higher bandwidth; the
environment is the telephone line as shown in figure 1, the users arrange the conference time and then
establish a connection with the server.
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The System Connection

Figure 1 shows three clients, each client is in a different city. Those clients may not have an
Internet with hi—speed connection to use the existing VC applications. The proposed system offers a
VC system with one of the slowest connections existing in these days, the telephone line with modem
of 56 Kbps. The three users can have a good conversation as long as the telephone line works.
However, each client hasto dia the CS which in turn forwards the dia to the intended client (if heis
connected) at the other side.

The proposed system works on the telephone line, so it is a local video conference inside one
country, for this reason, there is no need for edge servers. Besdes, edge servers are not recommended
with real time application because they increase latency.
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This system is composed of two parts: the conference server (CS) and the clients. The clients are
connected to each other through the CS, for this reason and many other reasons mentioned subsection
3.1, the CSis considered to be the administrator of the system.

* The Conference Server

The CS is the part hosting the tables containing information about the clients, PC’s Id
(Identifier points to the specified client), Rooms’ names (room means a number of clients in one
group), names of rooms’ members and all the clients connected to the system in both (private and
public) modules. The main functions of the CS are:

1. Administrator of the system: the CS has the responsibility to accept clients and notify
other clients about the arrival of new ones. The CS has aso the responsibility to organize
all the members of a specified room in one list and sends it to all room’s members. Also
each message sent from one of the members is forwarded to all the members of the same
room, in addition to the video of each member.

2. Error detector of the system: the CS watches the information packets, if no errors
detected, the CS passes the packets after changing some header information to the
destination client or clients. In case of detecting an error, like loss of a packet, the server
doesn’t send an empty packet to the destination; instead the source client observes the
absence of the response, so the source client resends the message. This way is more
efficient than sending an empty packet to the destination and the latter asks the source to
resend it, which is considered atime consuming way.

When a video packet is lost, the system discards that packet to get a real time VC.
Besides, the frame rate of more than 15 fps produces a good video stream that doesn’t
observe the loss of one packet.

3. Data storage: some data are required by the system at any time, so the CS has to store
them and updates them continuously. The CS has two types of data storage, one dedicated
for the public module which contains the rooms’ names, a number for each room and the
members of each room. The second storage type is shared between the two types of
modules and it contains the nick names of the whole clients and a PC Id number.

4. Test the network: the CSis responsible to test the network continuously to sense the load,
frame rate and adjusting the video resolution and audio compression accordingly.

Figure 2 shows the main modules that constitute the architecture of the CS:-
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Fig 2
Server Architecture

Private Module: in the CS, the private module is responsible to pass and watch the
normal chat program commands between any two clients through the text socket and
audio socket. It is aso responsible to change some of the header information.

Public Module: this part is responsible to pass and watch the audio/video conference
commands; through five sockets: one for video stream, one for audio stream, one for
NLS, one for text and the last one for the control socket. It also changes some of the
header information of the audiovisual packets.

Sockets: they are objects that represent an endpoint for communication between
processes across a network transport. These sockets are created in the private modules
to be in the listening mode and then exchange the information with the network after
the connection is established.

Rooms’ Table: it’s an array storage that contains all rooms created in the system with
the members’ names of each room and each room has an Id number.

Nicks’ Table: it’s another array storage that contains al names of the partner in the
system, in both modules, and the PC Id of each computer.

* The Client

The client is another application different from the server in its Graphical User Interface (GUI)
and activities; each client opens at |least one socket with the CS in order to be connected to other
clients. The main functions of the client are:

1. User Interface: it represents the interface application that users can dea with to send and
receive the multimedia information. It takes the input from the keyboard or camera and
displays it on the screen through another window. The audio is taken from the Microphone
and playback on the speakers or headphones of another client.

2. Audio/Video processing: the client gpplication is responsible to compress/decompress the
video stream with many levels of compression, control the audio and process al the
required operation of audio/video stream.
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Figure 3 shows the main modulesthat constitute the architecture of the client:-

Y
Control events Table Table || Table Audio
e - operation
Members Rooms Nicks
Video operation Text operation
ﬁ* } }
. rI Yy
Public Private
Module Module
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Fig 3

Client Architecture

Private Module: it’s the normal chat program, between two clients, which is responsible to
call the text and audio commands. Here the client needs only two sockets and has two lists
of the storage (nicks and rooms), but in fact it uses only the nickslist.

Public Module: it’s the audio/video conference program, which is responsible to call all
the video and audio commands. When aclient is in the public module it may be up to five
sockets and it needs all the storage lists.

Nicks’ Table: it’s alist of the nick names of each user participated in the system. Also, the
nick’stableis sent to the client from the CS when the client sends his nick name first.
Rooms’ Table: it’s alist of the rooms’ names only, sent to the client from the CS when the
client sends his nick name first.

Members’ Table: it’s an optiond list, used only during the public module operation. When
aclient joins aroom, the names of the room’s members are sent from the CS.

Text operation: this operation contains al the functions and variables that are used to send
and receive the text information.

Video operation: this operation contains all the libraries used to capture, send, receive,
compress, decompress and display the video information.

Audio operation: this operation contains all the libraries used to record, send, receive,
compress, decompress, and play the audio, the block diagram of the audio and video
operations is shown in figure 4.

Control events: they are al the event messages, sent by a specified function, used to
control audio and video stream. Also, they check audio/video streaming and their
connection status.

Sockets: it issame asin the CS.
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Audio/Video Process Architecture
The following are the main functions of the audio and video operations:

Video process: it’s a library that contains al the video operations like: capture, display
video on the monitor, send and receive video stream.

Video compression: it’s a library that contains the algorithm to compress the video image.
The agorithm that is used in the proposed system is the H.263 standard, which is
dedicated to the 56 Kbps bandwidth.

Video decompression: it’s a library that contains the agorithm of decompressing the
incoming compressed video stream.

Audio process: it’s a library that contains al the audio operations like: record sound from
the microphone, send and receive audio stream and playback the received sound on a
speaker or headphone.

Audio compression: it’s a library that contains the algorithm to compress the audio stream
using the G.723.1 standard.

Audio decompress: it’s a library that contains the algorithm to decompress the received
audio stream.

Received NLSvalue: it’s alibrary that contains the value of the NLS received from the CS
after testing the network load and select the appropriate video resolution of the clients.

The system uses some of the ready made libraries in the audio/video stream handling like:
using of Winmm.lib for the audio and VFW32.lib [MIC, 03] for video, these ready APIs
commands are used to capture, send, receive, playback audio and display the video stream.

* SYSTEM MECHANISM

The proposed system is a client-server based system. It is areal time human telecommunication
using a circuit switching, with a dedicated connection between two terminas for their sole use
throughout the session. When a telephone is picked up and dials a number of the server, a circuit is
established between the server and the dialed client and it lasts for the duration of the conversation.
The same is true for all VC systems and all real-time broadcasting, after the connection is established
the information packet can be transmitted.

The main idea of the proposed system is concentrating on the public module, when the user starts
to send and receive audio/video information, the proposed system tests the network bandwidth and
according to that test the video resolution/audio compression ratio is adjusted. The multimedia
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information (especialy audio/video) requires enormous amount of the bandwidth to transmit its
information, for this reason the proposed system uses the H.324 standard that works with telephone
lines and applies multi levels of compression for both audio/video data.

Another phenomenon arises when the network load increases. The telephone line is even becomes
less than 56 Kbps. The system solves this problem by adapting different resolution levels of H.263
and two levels of compression of the audio using G.723.1.

The proposed system is designed by using a simple sensor, called network load sensor NLS. This
sensor tests the network load by creating its own socket for sending a sample packet and count the
time it takes to get it back, so it can have the number of frame per second rate. If this rate was less
than 15 fps, it can be considered as a high load and if this rate was more than 15 fps that means alow
load. This sensor returns its value to the system,; the latter increases (if high load) or decreases (if low
load) the compression of both audio and video according to the load. Figure 5 illustrates the system
flow.

The NLS starts at the CS side, it tests the network every 90 second (fixed period) for a duration of
1 second. The human eye integrates up to about 15 seconds at low light [CLA, 06], but exchanging
the video resolution every 15 seconds if the load varies will be unreasonable and the NLS test will
going to add additiona load on the network. 90 seconds are a good period for eye and don’t annoy
users. The CS sends about 30 frames to the clients and starts to receive frames from clients for
duration of one second. According to the number of the received frames and the previous frame rate,
the compression level is adjusted for both the audio and video stream.

There are very rare occasions that the system drops to a point when the load is very high, however
the proposed system doesn’t hurt the video information because only the video resolution is reduced
without affecting the video quality. For audio, increasing the audio compression affects the audio
quality, but the received audio considered a reasonable sound with such bandwidth.

The packet that the client sends to server is different in its information depending on why it’s sent
and by whom, it may contains: the nick name only, message and nick name, message and room name,
room name and nick name, video information, audio information or dummy information. The server
reads the header information of the packet and changes some of the header information and then
forwards the packet to the intended client.
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The System Flow

* SYSTEM REQUIREMENTS
The client of the system requires windows XP, while the CS requires windows server 2000 or

later. The hardware requirements of each client are simple and available amost in any PC. The
required equipments for each client are listed below:
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USB WebCam.

56 Kbps modem.

Headphone or speakers.

Microphone.

The hardware requirement of the CS is only a bank of modems (access server) of at least 100
channels.

- PERFORMANCE RESULTS
The system was tested on PC with the following specifications:
Pentium IV 1.72 GHz.
128Mbytes RAM.
ATI RADEON Display Adapter.
20 Gbytes SAM SUNG Hard Disk.
The image quality is the same for the three resolution levels. Figure 6 shows the QCIF format.

Conference  Yiew Audio VWideo Help

~ Remote Screen

Fig6
QCIF Picture

The performance of the network tested in the laboratory between two clients connected through
Bus LAN. Figure 7 illustrates the UDP packets sent and received, Figure 7 A illustrates the network
monitor for the CIF format, figure 7 B illustrates the network monitor for the QCIF format and figure
7 C illustrates the network monitor for the SQCIF format.

2679



Number 3 Volume 14 September 2008 Jour nal of Engineering

| B cenecls o el J e O = - P - |
[ e pwees | = = Em |

e | Furee | [0l Qi+ 6l 5 sdlel +i*s] eiE] el

i Coracks Fook
=1 eEhEn Mo
5i-ff] Parformaros Lognand dderta i3

e A e AL A A

Last [ TEDEL fremrsga TEIE] Mnrwan | 4984 Macareas | 08l Dnawbions | ST

-= - 1000 Lot ol R el 300 L LGP -G TS T

svan] | (] 4 1 || o deotet - Mot s |[ETPeramance  Hijuvaind -Pen | g vwotuns 1.1 (B s2acrm

Fig7 A
Network Monitor of CIF
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Network Monitor of QCIF

2680




K.S. Ismail Adaptive Video Conference System

H.M.Ali on A low Bit Rate Network
F.F.Hermez
9 %]
B Comole  wndoew  pein O M i
fomn Yew Peamtm || - = | E@E 2
i O] QITF Bl A+ belE ol
0 Correcode Food
=] Swahen Monkor -
+ ] Fariforranos Logs and A L}
18
12
18
15
14
13
iF]
1 e
0 . - 3 J
g 1 : - e
b
B[l Nl Ly i
R h LS T fl I | | B
ot Bl S ] B b L1 il fl AT
WMV W A AN LA a‘l L VAT A VA ]
Ll L] i | | 1 WY L ] F'-. | [} |
:‘I '||l “ J ! I ‘E,; ".'rif Ly " VU g
1
1
! Lasr T.051  Average 6557  Wirdeas S9SN B s Durahon 140
st et m.ﬁ:_j (O e = BT W Iﬁp"{m _ﬁ]mmmn |twmu|.1 ﬂﬂ 1028 P
Fig7C

Networ k Monitor of SQCIF

- CONCLUSIONS

During the study and development of the proposed system, severa points were observed and
noticed.

When network delay starts to exceed acceptable limits, it is best to reduce resolution of video data,
if that reduces delays without making the data unintelligible. The less important information must
be degraded first. Video stream should always maintain at minimum 15 fps, frame rate, because
this is the limitation that eye perceives jerky motion. Maintaining video at over 15 fps can be
achieved by many methods, one of them by adjusting the image size, until it becomes very small.

Reduce the image resolution, without varying the bandwidth, increases the frame rate.

Video transmission is more flexible than audio, because it is two dimensional and it is possible to
trade off the frame rate with size of image within any required bandwidth.

Edge servers aren’t recommended to be used with video conference systems and any other rea
time, especially with low bit rate bandwidth, because edge servers are time consuming and must
be updated frequently.
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API: Application Programming Interface
CIF: Common Intermediate Format
DSL: Digital Subscriber Lines
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IP: Internet Protocol

ISDN: Integrated Services Digital Networks
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LAN: L ocal Area Network

NLS: Network Load Sensor

QCIF: Quarter CIF

ROM: Read Only Memory

SDK: Software Development Kit

SQCIF:  Sub QCIF

UDP: User Datagram Protocol

VC: Video Conference

VFW: Video for Windows

Winmm: Windows Multimedia
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ABSTRACT

Space Time Trellis Code (STTC) is a technique that can be used to improve the performance of
the Orthogonal Frequency Divison Multiplexing (OFDM) system over wireless channels by
providing both coding gain and diversity gain. STTC is combined from two codes, Trellis Code
Modulation (TCM) as an inner code and Space Time Block Code (STBC) as an outer code. TCM
which combines the choice of a modulation scheme with that of a convolutional code provides the
coding gain, and the other code provides the diversity gain. Simulation is done over flat fading and
frequency selective Rayleigh fading channel for Eight Phase Shift Keying (8-PSK) TCM. It found
that the best results are obtained for the case of two transmitters and three receivers which have a
gain of about 18dB over that without STBC.

KEY WORD
Orthogonal Frequency Division Multiplexing, Space Time Block Code, Trellis Coded
M odulation.
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INTRODUCTION

In most situations, the wireless channel suffers attenuation due to destructive addition of
multipaths in the propagation media and to interference from other users. The channel statistic is
significantly often Rayleigh which makes it difficult for the receiver to reliably determine the
transmitted signal unless some less attenuated replica of the signal is provided to the receiver. This
technique is caled diversity, there are severa kinds of diversity temporal, spatial, and frequency
diversities [N. Balaban, 1991]. In recently years, transmitter diversity has been introduced by
Alamouti [S. M. Alamouti, 1999] to combat fading in wireless environments and improve the
performance of the wireless system without significantly increasing the size or complexity of the
receiver. Space-Time Code (STC) techniques have been proposed for transmitter diversity and then
employed in the OFDM system to further reduce fading and obtain the better signal quality from the
diversity gain [D. Agrawal, 1998]. Space Time Block Coded OFDM presented in [M. Uysal, 2001]
can only exploit space diversity. The Space Time Trellis Coded OFDM is considered to exploit
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both space and time diversity. In this paper, we focus on the improved performance of the OFDM
system using transmit diversity with Space Time Trellis Code (STTC). STTC is a combined system
from Space Time Block Code (STBC) and Trellis Coded Modulation (TCM). The STBC provides
the diversity gain to the system and the TCM provides the coding gain. The diversity gain is
increased by increasing the number of antennas at the receiver. TCM combines a multilevel
modulation scheme with a convolutional code over band-limited channels, while the receiver,
instead of performing demodulation and decoding in two separate steps, combines the two
operations into one. The basic principles of TCM were published in 1982 [G. Ungerboeck, 1982],
and some further developments are documented [R. Calderbank, 1984]. The performance
comparisons of the bit error probability for conventional OFDM, STTC OFDM have been
presented. As the simulation results, the STTC OFDM provide the much improved performance
over conventional OFDM. And the best performance was found in the case of the two transmit
antennas and three received antennas.

- DESIGN OF STTC CODED OFDM

OFDM System M odel

OFDM is a multicarrier transmission technique, which divides the available spectrum into many
carriers, each one being modulated by a low rate data stream. Fig. 1 shows the block diagram of a
simplex point-to-point transmisson system using OFDM system. The two main principles
incorporated are: The Inverse Fast Fourier Transform (IFFT) and the Fast Fourier Transform (FFT)
are used for, respectively, modulating and demodulating the data constellations on the orthogonal
sub-carriers [Eric Lawrey, 1997].

Input : :
Siream ] |
| | Serialto N-Points Paralle| to |
= Maprer ™ Parallel IFET Serial
OFDM Modulator
Multipath
Fading
PN
AWGH—»{ + J
‘\___/'
OFDM DeMaodulator
| :
Cutpht : :
Stream ' |
— e Masiar Channel |¢! | Parallel to | N-Points = Serial to PR CP |
ppa Compensation 1|_ Serial FFT Parallel Removal :
| i
! 1
1 ] B = B i B ki B g
Channe| Estimator —

Fig. 1: Block diagram of OFDM system
Note that at the input of the IFFT, N data constellation points are present, where N is the

number of FFT points. These constellations can be taken according to any Phase Shift Keying
(PSK) or Quadrature Amplitude Mmodulation (QAM) signaling set (symbol mapping). The N
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output samples of the IFFT — being in time-domain — form the baseband signal carrying the data
symbols on a set of N orthogonal sub-carriers.

In areal system, however, not all of these N possible sub-carriers can be used for data. Usualy,
N is taken as an integer power of two, enabling the application of the highly efficient IFFT, FFT
algorithms for modulation and demodulation which provide the orthogonality to the system. The
second key principle is the introduction of a cyclic prefix as a Guard Interval (Gl), whose length
should exceed the maximum excess delay of the multipath propagation channel. Due to the cyclic
prefix, the transmitted signal becomes “periodic”, and the effect of the time-dispersive multipath
channel becomes equivalent to a cyclic convolution, discarding the guard interval at the receiver.
Due to the properties of the cyclic convolution, the effect of the multipath channel is limited to a
point-wise multiplication of the transmitted data constellations by the channel transfer function, the
Fourier transform of the channel impulse response, i.e., the sub-carriers remain orthogonal [K.
Witrisal, 2002].

The Design of 8-PSK Trellis Coded Modulation
The concept of set partitioning is of centra significance for TCM schemes. Fig. 2 shows this
concept for Eight Phase Shift Keying (8-PSK) signal constellation.
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Fig. 2: Set Partitioning for 8-PSK M odulation

Set partitioning divides the signal set successively into smaller sets with maximally increasing
smallest intra-set distances [Yipeng Tang, 2001]. There are a total of four partitions counting the
first un partitioned set. At the top most level, the Minimum Euclidean Distance (MED) between the
signalsis:
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Ao = 2+/Es SIN(n/8) = 0.7654+/Es (1)

Note that the distance depends on the symbol energy Es. We can normalize the energy to 1,
then Ao = 0.7654 and the Minimum Square Euclidean Distance (MSED) is:

do? = A¢® =0.586 (2)

At the next level, where there are only four points in each of the two cosets, the MSED has
increased to dh? = A;° = 2, and at the last level, the MSED is 4.0.

An encoder for the 8-PSK 4-state TCM is shown in Fig. 3. A rate of 2/3 with two inputs Xz
X1, and outputs y, Y1 Yo.

Xo Y2 | 8PSK
- | TN Y1 | Mod
X1 D » D " > —*Output
Yo

Fig. 3:8-PSK 4States TCM Encoder

This encoder involves 1/2 convolutional code, one bit x; in and two bits y; yoout. The other bit
y>= X2 which is the most significant bit left uncoded. This encoder has four states because it
contains two memories. Thetrellis diagram for this encoder is shown in Fig. 4.

Encoder State Trellis

Fig. 4: Trellis Diagram of 4-States Rate 2/3 TCM Code

At each state there are two coded bits incoming as well as one uncoded bit, so each path doubles
to account for the two choices for the uncoded bit.
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At state (00), if coded bits are 10, then the output of the encoder is 110 if uncoded bit is 1 or 010
if it is 0. This doubling of choices is called parallel transitions.

The coding gains of TCM compared with uncoded schemes asymptotically achieved at high
signal-to-noise ratios are expressed as.

d?./E

dz /E'

min

g =10log,, (3)

where y is the coding gain, d%e and d’yin are the squared free distances of the TCM and
uncoded schemes, respectively. E and E' denote the average signal energies of the TCM and
uncoded systems, respectively. From the trellis in the Fig. 4, the paralel paths at t = 0, state 00.
Two parallel pairs, 100 and 000 pair and the 110 and 010 pair. Each pair is 180 degree phase shift
apart and this correspond to a MSED of 4.0. This is the SED at the bottom level of the partition in
Fig. 2.

Now to determine the minimum distance path for this code, following from each state the path
with the smallest squared distance (but not zero). This is 2.0 for the path starting at state 00. This
takes us to state 2. From this state the minimum distance path is 0.586. This takes us to state 1 and
from here retuning to state O via a path that has a squared distance of 2.0. There is no other path that
can take us back to 00 state and has a smaller total distance as shown in Fig. 5.

Thetotal MSED (diee) for this code is the sum all three of these squared distances.

Oiree = 2 + 0.586 + 2 = 4.586

Now 0% for the TCM is the smaller of the two distances dvn and diee that determine the
overall performance.

Oiree = MiN[diree, d’rin] = MiN[4.586,4.0] = 4.0 (4)
SINTE
o
04 26 -
@ o
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Fig. 5: Error path comparison for 8-PSK TCM
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To determine the coding gain, dividing d%.e by the minimum square Euclidean distance of the
uncoded Quaternary Phase Shift Keying (QPSK) constellation d?yi, = 2. The coding gain from eg.
(3) (assuming that both coded and uncoded signals have same energiesE=E') is:

vy =10 log [4/2] = 3dB

It is a remarkable result to obtain a gain of 3dB without any increase in bandwidth or symbol
rate. By increasing the number of states to 8 (This is done by increasing the number of memory
registers from 2 to 3), so that there are no paralel transitions in the trellis. The minimum squared
distance between an error path and correct path is completely determined by the convolutional
encoder as shown in Fig. 6.

7351
Fig. 6: Trellisof a code of arate 1/2 with 8 states

In the figure above the left side lists the symbol numbers possible at each state. At state O, path
6 has the smallest distance, from there going to symbol 7 and symbol 6 again. This path has the
smallest SED. The sum of each of the distances is:

9105%=20, 9t05,=0.586, SHtos=2.0
Oiree = 2+0.586+2=4.586

and now the coding gain is:
v =10 log (4.586/2) = 3.7dB.

Thisis an improvement over the case of four states which had a coding gain of 3dB. More states
improve this yet further.

Decoding TCM

A convenient way of describing a set of signal sequences is through a trellis. The distance
properties of a TCM scheme can be studied through its trellis diagram in the same way as for
convolutional codes. The optimum decoding is the search of the most likely path through the trellis
once the received sequence has been observed at the channel output. Because of the noise, the path
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chosen may not coincide with the correct path, i.e., the path traced by the sequence of source
symbols, but will occasionaly diverge from it and remerge at alater time [Mei Hong, 2002].

The Viterbi algorithm, as a genera technique for decoding the convolutiona codes, is aso
used in the TCM decoder. Due to the one-to-one correspondence between signal sequences and
paths traversing the trellis, maximum-likelihood (ML) decoding consists of searching for the trellis
path with the minimum Euclidean distance to the received signal sequence. If a sequence of length
K is transmitted, and the sequence ro,r,...,l'-1 IS observed at the output of the AWGN channel, then

the ML receiver looks for the sequence Xo,X1,....Xc1 that minimizes g‘l|ri - x|. This can be done
by using the Viterbi algorithm. The branch metrics to be used are oblt:':ined as follows. The branch
in the trellis used for coding is labeled by signa x , if there are no paralld transtions, then at
discrete time i the metric associated with that branch is |ri - X |2. If a pair of nodes is connected by
paralel transitions, and the branches have labels X, x',....... in the set x, then in the trellis used for
decoding the same pair of nodes is connected by a signal branch, whose metric is rxnllrxl r-x |2. That
is, in the presence of parallel transitions the decoder first selects the signal among X, x',......, with

the minimum distance from r; (thisis a‘“demodulation” operation), then builds the metric based on
the signal selected.

STBC with Two-Branch Transmit Diversity and One-Receiver
The structure is shown in Fig. 7. At a symbol period, two signals are transmitted from the two
antennas simultaneously. Table 1 showsthat the symbol transmitted from antenna zero is s, and

Table 1: Thetransmit sequence for two-branch transmit diversity.

antenna 0 antenna 1
timet S St
timet+T -5 * S*

antennaone is s . At next symbol period, the symbol transmitted from antenna zero is - s;* and
antenna oneis s* where* is the complex conjugate operation [S. M. Alamouti, 1999].
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Fig. 7: A space-time block code with two-branch transmit diversity

The channel path gain at time t is modeled by a complex distortion ho(t) for transmit antenna
zero and hy(t) for transmit antenna one. Assume the fading coefficient is constant across two
consecutive symbols. It can be seen that the transmit sequence is divided into many blocks, and
each block length is two symbol time units [S. M. Alamouti, 1999].

These combined signals are then sent to the maximum likelihood detector and using the decision
rule of MPSK to make the most possible decision to recover the original transmission signals. The
space-time block coding provides us to design concatenated codes with others. It is useful to
combat the interference in Rayleigh fading channel. If there were two transmit antennas and M
receive antennas, then the diversity advantage is 2M.

STBC with Two-Branch Transmit Diversity and Two-Receivers

There may be applications where a higher order of diversity is needed and multiple receive
antennas at the remote units are feasible. In such cases, it is possible to provide a diversity order of
2* 2 with two transmit and 2 receive antennas. The sequences are listed in Table 2 and Table 3.
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Table 2: The Definition of Channels Between The Transmit And Receive Antenna

rx antenna 0 rx antenna 1
tx antenna 0 hy h3
tx antenna 1 hy hy

Table 3: The Notation For The Received Signals At The Two Receive Antennas

rx antenna { rx antenna 1
time ¢ ry ry
timer+ 7T rg ra

Fig. 8 shows the baseband representation of the scheme with two transmit and two receive
antennas. The encoding and transmission sequence of the information symbols for this
configuration is identical to the case of a single receiver, shown in Table (1). Table (2) defines the
channels between the transmit and receive antennas, and Table (3) defines the notation for the
received signal at the two receive antennas [S. M. Alamouti, 1999].

Where

To =hoso + h1s1 + o
r1 =—hos] + hi1s; +ny
r2 =h280 4+ hasy 4+ n2
g = —h;rs; 4 hgsﬁ + ng

(5)

No,Mm,N; and ng are complex random variables representing receiver thermal noise and
interference. The combiner in Fig. 8 builds the following two signals that are sent to the maximum
likelihood detector:

50 =hgro + hiri + hara + hars

81 = hiro—hori + h;‘i"z — hars. 6)
Substituting the appropriate equations we have
- . e e e P | & ¥ F F
51 =(0f + af + a3 +a?)sy — hom} + hing— hani + hina. (7

These combined signals are then sent to the maximum likelihood decoder which for signal s
uses the decision criteria expressed in eg. (22) or eg. (23) for PSK signals. Choose s iff

(0f 4+ of + a3 +af = 1)|si|* + d*(30, 5;)

< (o +of +0F + oF — Lsk* + d*(30. s&). )
Choose s iff

d*(30, 5) < d*(30, 1), Vi#k. ©)
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Similarly, for s; using the decision rule is to choose s signal iff

(o + of + 03 + oF — 1)sif* + d*(34, 53)

. (10)
< (a2 + o+ a3+ a2 —1)[sg|* + (31, s)
or, for PSK signals, choose s iff
(5, 5) < P51, ), Vitk (11)
1)) E) |
.sl- .T“‘
tx antenna O ‘W @' tx antenna 1
kn - kl kz 1rk3
rx antenna ":? W rx antenna 1
g i interferenc, "2
P &I S

channel
estimator

channel
estimator

Fig. 8: two-branch transmit diversity scheme with two receivers

STBC with Two-Branch Transmit Diversity and Three-Receivers

It is possible to provide a diversity order of 2*M with two transmit and M receive antennas. It
can use the combiner for each receive antenna and then simply add the combined signals from all
the recelve antennas. Therefore for this case of two transmitters and three receivers (2TX-3RX), it
can be applied the same method used for the case of two transmitters and two receivers (2TX-2RX)
mentioned above.

Concatenated STBC with TCM for OFDM System

Fig. 9 shows the block diagram of concatenated STBC with TCM for OFDM system. First, the
TCM encoder encodes the source data. Next, the encoded data is interleaved because the Viterbi
Algorithm (VA) is not effective against burst errors. Adding interleaver to distribute burst error.
And then the space-time encoder encodes the data. The concatenated code is used in the OFDM
system. At each time interval, the symbols are modulated and transmitted simultaneously over
different transmit antennas.
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At the receiver, the received data is demodulated by the OFDM demodulater, and then
combined according to the combining techniques described for STBC. The soft output of the
combiner is sent directly to the deinterleaver. Finally, a TCM decoder, such as the Viterbi
algorithm, decodes the data.

X1
J TX2
Information TCM STBC » |FFT
Source ™ Encoder > Interleaver » Encoder
> IFFT
RX RX1
FFT » STBC : TCM _»O/ P
Decoder [ Deinterleaver i pecoder
FFT >

Fig. 9: Block diagram of concatenated STBC with TCM for OFDM system.

The outer code is TCM, then its decoder must use soft-decisions and hence the SBTC decoder
must be soft output. Since the SBTC combats the fading by antenna diversity, the outer code (TCM)
combats the AWGN to achieve additional coding gain.

-SIMULATION RESULTS

This section gives the simulation results and evaluation tests of these proposed systems, STTC
coded OFDM for the cases, Two Transmitters-One Receiver (2TX-1RX), Two Transmitters-Two
Receivers (2TX-2RX), and Two Transmitters-Three Receivers (2TX-3RX). The results of the
systems in two types of channels, flat fading channel and frequency selective channel, will be
examined and compared. The effects of severa parameters of wireless channels on the two systems
will be investigated. In the OFDM system the FFT transformation is considered. For the TCM, Four
States (4States) and Eight States (8States) convolutional code were done. Table 4 shows the
parameters of the systems that are used in the simulation. Simulations were done in MATLAB 7.
Generation of 2000 packets, each one contains 128 bits.

Table 4;: Simulation Parameters.

TCM 8PSK
(4-STATES & 8-STATES)

Number of sub-carriers 64

Number of FFT points 64

2694




S. M. Abbas
Ismael Shenan Dshar

Design of Space Time Trellis Coded ofdm

Flat fading + AWGN
Channel model

Frequency selective fading + AWGN

Fig. 10 and Fig. 11 illustrate the performance of STTC-OFDM system for 4States and 8States
8-PSK TCM in Flat Fading channel. It can be seen that the performance of the system increases
with increasing the diversity gain and coding gain. The best caseis that of 2TX-3RX.
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Fig. 10: BER performance of STTC-OFDM for 4-STATES 8PSK TCM in flat fading channel.
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Fig. 11: BER performance of STTC-OFDM for 8-STATES 8PSK TCM in flat fading channel.

Fig. 12 and Fig. 13 illustrate the performance of STTC-OFDM system for 4States and 8States
8-PSK TCM in Frequency Selective Fading channel. It can be seen that the performance of the

system increases with increasing the diversity gain and coding gain. The best case is that of 2TX-
3RX.
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Fig. 12: BER performance of STTC-OFDM for 4-STATES 8PSK TCM in frequency selective
fading channel.
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Fig. 13: BER performance of STTC-OFDM for 8-STATES 8PSK TCM in frequency
selective fading channel.

- CONCLUSION

In this paper, we investigate the improved performance of the combined OFDM system using
STTC based TCM schemes with two transmit antennas and multiple receive antennas, 4-States and
8-States convolutional encoder. The performance comparisons of bit error probability for the
conventional OFDM, STTC OFDM have been presented. Simulation results were provided to
demonstrate that significant gains can be achieved by increasing the number of receive antennas for
the STBC and the number of states for the TCM with very little decoding complexity. Therefore,
the STTC coded OFDM is afeasible.
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ABSTRACT

The work in this research presents an experimental and a theoretical study to obtain the
effect of using a low permeability geosynthetic material on the longitudinal and lateral
coefficients of dispersion. This would have its effect on the contaminants migration through
an isotropic, homogenous and saturated soil. The first stage of this research involves the study
of the geosynthetic material and in calculating the longitudinal and lateral coefficients of
dispersion for an Iraqi sandy soil by using an experimental set-up to simulate the processes.
To investigate the effect of using a geosynethtic material on the dispersion coefficients, the
test was conducted for each velocity that was used in the experimental work and as follows:

e without using the geosynethtic material first, and

e by using the geosynthetic material as a base and a cover for the soil sample.

The second stage of this research is interested in developing a numerical model able to
simulate the contaminants dispersion phenomenon. To solve the two-dimensional advection-
dispersion equation, a numerical model was derived using the finite element method. This
numerical model was verified by comparing it with the analytical solution of one-dimensional
dispersion. To study the effect of using a geosynethtic material on the contaminants dispersion
through soil, a proposed field problem is tested.
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INTRODUCTION
Geotechnical engineering is by now becomes more involved with problems of pollutant
migration through soil. This involvement arises from the concern regarding the contamination
of soil and the groundwater system which restrict or prevent them from use in the various
applications where they normally play a part in®®. The leachate from landfills or industrial
waste disposal represents the main problem of soil and groundwater system contamination.
Many regulatory authorities now require the use of liners to control pollutants migration and
this often involves separating the landfill from the nearby area by using a low permeability
material such as a compacted clay liner (CCL) or a geosynthetic material (GCLS)®".
Geosynthetic Material
In general, geosynthetics are fabric like materials made from polymers. Geotextiles and
geomembranes are two types of these materials which include also other tyg)es. Each type of
geosynthetics performs one or more of the following four major functions” ©® @)
* Separation:-
as a separation layer. Geosynthetics are used to prevent adjacent soil layers or fill
materials from intermixing. The main use of this function is for road and railway
constructions, and hydraulic and landfill engineering, Fig. 1 @4,
* Filtration:-
as a filter. When placed in contact with soil, they allow water to pass through while
prevent the passage of fine soil particles. Their main uses are as hydraulic engineering
materials and drainage systems, Fig. 2 ().
* Drainage:-
as drainage materials where they collect liquids or gases and convey them towards a
collection point or an outlet point, Fig. 3 ().
4- Reinforcement:-
Geosynthetics are installed beneath or between soil layers to improve its mechanical

prg)pgg;ties, by increasing the bearing capacity of the soil and minimizing the deformation, Fig.
4 .
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3) (4)

Figs. (1, 2, 3 and 4) Geosynthetic material applications” @4,

Types of Geosynthetic Materials

A- Geotextile: -

Defined as permeable fabrics, which act compositely with soils and rocks. They are
products of textile industries. There are two main types of geotextiles which are made mainly
from four types of synthetic polymers (polyamide, polyester, polyethylene and
polypropylene), woven and non- woven geotextiles  ©.

B- Geomembranes: -

Defined as impermeable liquid barriers made primarily from continuous polymeric sheets
that are flexible. Geomembrane types may be classified, according to the type of polymeric
material made from, as thermoplastic and thermoset ©.

Geosynthetics in Landfill Engineering
In landfill engineering, geosynthetic materials are used in: -
1- basal linings, and
2- caps or covers®?.

Basal Linings:-

The main objective of a base lining is to prevent the escape of contaminants from landfill
waste into underlying soils. Properly constructed liner systems should also allow for the
controlled collection and removal of landfill leachate for subsequent treatments, Fig. 5 9.
Types of Geosynthetic Materials Used in Landfill Base Lining:-

1- Bentofix: - is a needle- punched reinforced geosynthetic clay liner (GCL) that
uses two geotextile layers to encapsulate a layer of natural sodium bentonite.
The needle- punched fibers transmit shear forces through the bentonite core. It
is used as a sealing barrier against liquid and gases in various civil and
environmental applications ®2,
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2- Carbofol: - is a geomembrane made from high density polyethylene used to
protect and seal the subsoil from the release of potential contaminants 2.,

3- Secutex: - is a needle-punched staple fiber nonwoven geotextile used for
separation, filtration, protection and drainage. It is used in many civil
engineering applications such as hydraulic engineering, landfill engineering
and road construction ¥

VWaste Leachate collection
{50 cm)

Leachate collection
Pipeline

Secutex protection
geotextile

...

\\_ Carbofol (HDPE)

geomembrane
: .
N FEERT N\
S Bentofix (GCLS)
Subgrade Geolagical barrer
(49 cm)

Fig. (5) Basal linings **.

Landfill Capping (Covering)

The main objective of a cap or cover in landfill engineering is to prevent the intrusion of
pre(rg:)ipitation into the waste and this will reduce and ultimately stop leachate generation, Fig.
6.
Types of Geosynthetic Materials Used in Landfill Capping:-

In addition to Bentofix and Carbofol which are used in landfill basal lining, landfill
capping includes also:
Secudran: - is a three- dimensional drainage system designed to discharge liquids and gases.
The secudran geosynthetic drainage system consists of three individual layers made up of the
following components 4:-

1- a filter which protects the drainage layer from clogging,
2- adrainage layer which transmits the water in the filter level, and
3- a filter/protection which serves as a filter or a separation layer to the mineral
component or the protection layer for the geomembrane (HDPE).
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top soil (more than 60 cm) Secudran (drainage system)

Carbofol (HDPE geomembrane)

Bentofix (GCLS)

leveling layer |___ Secudran (gas drainage)

(14)

Fig. (6) Landfill capping

*TRANSPORT THROUGH POROUS MEDIA
One of the earliest observations of the phenomena of transport and dispersion in porous
media is reported by Slichter in 1905 ® ®. The transport of contaminants or pollutants
through porous media is mainly attributed to the advection-dispersion process ) © @0,
Advection Process:-
The transport at the same velocity as groundwater of dissolved solids is called advective
transport 9.
Dispersion Process:-
Dispersion refers to mixing and spreading caused in part by molecular diffusion and in
part by variations in velocity (mechanical dispersion) within the porous media ®°.
Molecular Diffusion:-
is a physical process which depends upon the kinetic properties of the fluid molecules
and causes mixing at a contact front between two fluids ©.
Mechanical Dispersion:-
is caused by the difference in velocity of flow inside the porous media “%. The amount
of mechanical dispersion occurring in porous media depends on the physical properties of the
soil (size and shape of the pores) and the absolute magnitude of the average linear velocity in
porous media ©.
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* MATHEMATICAL MODEL
The advection-dispersion equation for one dimensional flow, one dimensional dispersion
through homogenous, isotropic porous media and steady flow is & (8 (1.

9°C oC oC
DT u& =% (1)
ox 2 ox ot
where:-
C = concentration of contaminant at any time (t) at any distance (x),
D, = longitudinal coefficient of dispersion (L2/T), and
u = pore or average liner velocity (L/T).
The analytical solution of the governing differential equation under conditions:-
C(x,0)=0
C(0,t)=Co
C (o0, t) =0
is given by @9 @0:
2 & erfo(—— u.tl )+ exp(u—LX)erfc( X+ u.tl ) 2)
© 2(D,t)2 2(D,t)2
The second term is very small compared to the first one and may be neglected; thus:
X
((=)-1) 3
2£ = erf Ll ®)
0 D, )5
2(—=
(tu2
where:-
Co: initial contaminant concentration (mg/l),
x: distance traveled by the contaminant in the direction of flow (L),
t: time.
By using the “inverfc”, eq. (3) can be converted into @
D X
Sl M) -D? )
tu ut
where:-
2c. ]
M =0.25| inverfo(=—) ®)
CO
A similar procedure is applied to the steady state transverse dispersion equation “%:-
oC _ 2
u==p ¢ (6)
OX oy?

An analytical solution of the governing differential equation under conditions:-
e _ g fory=tw
oy

C(y, 0)=Co for 0<y<+oo

C(y,0)=0 for -oo<y<0
is obtained “9):-
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2~ =|1verf(— ) ()
o 2(%)5
u
where:-

y: distance traveled by the contaminant in the perpendicular direction of flow (L), and
Dy: transverse coefficient of dispersion (L%/T).
By using the “inverfc”, eq. (7) can be converted into @:-

D =M (—-) (8)
(&)
u

* EXPERIMENTAL SIMULATION SET-UP

The schematic diagram depicted in Fig. 7 shows the experimental apparatus constructed
by the authors which was used in the measurement of the distribution of a dilute, salt water
tracer. To describe the testing equipment used in the experimental work, the following points
are set:-

1. The porous medium box has outer dimensions of (10.5%x31x40) cm. It is constructed
out of glass sheets of 6 mm thick where the removable upper cover was constructed of
Perspex glass of 4 mm thick in order to give flexibility which is required for the tie
closer to prevent any leakage. These sheets are supported by a steel frame.

2. Two- galvanized steel tanks of (0.3x0.3%0.3) m, one as a storage tank and the other as
a supply constant head tank. The two tanks are connected together by a flexible plastic
tube. The amount of salt-water tracer (solution) discharge from the first tank to the
second tank is controlled by a tap.

3. Floating equipment are used in order to control the head of the solution in the supply
constant head tank.

4. The supply constant head tank provides the porous medium (soil sample) with salt-
water tracer (solution) by a flexible plastic tube. A valve is installed at the inlet line to
aid in controlling flow into the box.

5. The outlet tube.

Salt-Water Tracer

A solution of tap water and sodium chloride with an initial concentration of 1000 mg/l is
used in order to determine the dispersion characteristics of the porous medium. This tracer has
been widely used by many investigators © ® ® dye to:-

o safety,

e cheapness and availability, and

e for not being affected by the liquid's density and viscosity.
Concentration measurement is done by using a Total Dissolved Solids (TDS) meter, which is
a digital device that measures the concentration variations as (mg/L).
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4

Fig. (7) Schematic diagram of the apparatus for the determination of the longitudinal
and lateral dispersion coefficients

Soil Sample and Geotextile Material
Soil Sample

An Iragi sandy soil is used in the experimental work in order to investigate its dispersion
characteristics. The particle size distribution was determined by mechanical sieve analysis.
The uniformity coefficient for the tested soil is equal to 2.69. The discharge velocity may be
determined by measuring the coefficient of permeability of the soil. A constant head test is
used to determine the coefficient of permeability, because constant heads are more suitable for
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coarse-grained soils that have high coefficients of permeability . The discharge velocity can
be calculated as ©: -
v=Kkxi (9)
where:-
V: discharge velocity,
k: coefficient of permeability, and
i: hydraulic gradient.
Geotextile Material
The type of geotextile material used in this experimental work is Bentofix (GCLS). Fig.
(8) shows photos of the Bentofix material.

Fig. (8) Photos of the Bentofix material

Experimental Work Procedures

This section presents the procedure used in order to obtain the data necessary for the
evaluation of the longitudinal and lateral dispersion coefficients for various discharge
velocities. This procedure includes:-

1. Preparing an amount of the solution which is used in the experimental work as cited in
section (4-1).

2. Atfirst, the soil sample in the test section is saturated with tap water.

3. The valve controlling the flow into the box is opened at a time equal to zero. A sharp
interface is created between the salt-water tracer and the tap water. Then, this interface
will advect and disperse through the soil sample.

4. The solution from the outlet tube is collected with constant time steps in order to
measure the concentration.

. The same procedures are adopted twice:-

e First without using the geotextile material (W.0.M), and

e Secondly with the use of the geotextile material (W.M) which lays as a base and cover
material for the soil sample inside the porous medium box.
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6. The test finishes when the concentration reaches the maximum value (Co).

The Determination of the Dispersion Coefficients

Basak and Murty @ used a very simple and direct method for determining (D\) and (D),
requiring only one experimental point at any early time. Longitudinal dispersion coefficients
are determined from the temporal distributions of the tracer breakthrough curves and
according to Equation (4). Figs. (9a), (9b) and (9c) represent the test results without using the
geotextile material (w.0.m) while Figs. (10a), (10b) and (10c) show the test results by using
the geotextile material (w.m). According to Basak and Murty @ the lateral dispersion
coefficients can be calculated by using Equation (8). Table (1) summarizes the dispersion
experimental test results.
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Fig. (10b) longitudinal breakthrough
curve for v=0.70 cm/min.
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Table (1) Dispersion experimental test results

Test Type of | Discharge Time D, Dt
No. Test velocity when Cm%min | Cm% min
(cm/ min) C/CO
=0.1
(min)
W.0.M 36 0.892 0.304
1 0.548
W.M 53.3 0.004 0.304
W.0.M 28.3 1.12 0.5
2 0.70
W.M 41 0.015 0.5
W.0.M 14.74 6.283 0.74
3 0.852
W.M 32.8 0.04 0.74

*FINITE ELEMENT SOLUTION OF THE ADVECTION-DISPERSION EQUATION

The following finite element discretization of the differential equation depends on the
previous work of Wang and Anderson . The advection-dispersion equation for one
dimensional flow and two dimensional dispersion is written as:

2 2

PC . p &C_, € _KE (10)

OX oy ox ot
Assuming a trial function of the form which shows that the trial solution (function) within an

element is an interpolation of the nodal values % ¢2):
A L=NNODE

CxCe= >.CLON.(XY) (12)
L=1

D

where: -
A = indicates summation,
e = element,
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€
L = nodal basis (shape) functions, and
L=1, 2..., NNODE, where the latter is the total number of nodes per element.
Applying the weighted residual method with Galerkin's method to equation (10) yields into
the foIIowing functional ®? :
2C _ *C ac aC (12)

J.J-(DL(,»TZ DTaYiz—anX 6t) L(X, y)dxdy =0
D

The second spatial derivative terms are integrated by parts and the integration over the
problem domain is done element by element ¥

A A
” oC, N, 2C, aNL+5xaceNL+a§eNL)dxdy =I(DL60

ny + N,do
('5X oX aY oY oX r oX DT oY y) L (13)

where: -
I' = the boundary of the problem domain,

Ny, N :
XY = the components of a unit vector normal to the boundary, and

O = the integration variable representing distance along the boundary in
counterclockwise sense.
The system of equations represented by eq. (13) can be written in matrix notation in the form:

[Glict+ [ ]{c}+[P]{ } {t} (14)

{C } = the column matrix of nodal concentration,

{8(3} = the column matrix of the time derivative of nodal concentration,
ot

[G], [U ], [P]: square coefficient matrices corresponding to individual terms in
the integral on the left hand side of eq. (13), and
{f }: column matrix corresponding to the boundary integral on the

right hand side of Equation (5-5).

Where: -
ab e e
L,1=JI(DL6N1 6NL+DT aNl aNL)dd (15)
Cab oX oX oY oY
ab
P°; = [ [ NN dxdy (16)
—a—b
a b
U L1 = Ux I (17)
—a— b
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Solution of the Matrix Differential Equation
Eq.(14) is a first-order matrix differential equation. To solve it, a finite difference

approximation is made for the time derivative in matrix notation % : -

oC 1 t+At t

Pl = e —{c (18)
{ ot } At ({ } { } )

where: -

At. Length of time step,
{C }t+At

: Concentration value at the new time, and

' - -
: Concentration value at the old time.

CL=C.(t)

Now, it has to be kept in mind that: which is the value of the concentration at

node (L) at time (t). Thus, the time derivative approximation at a particular node L is:
oCc, _ ()™ —(c)
ot At

where:

(19)

Cy . change in nodal concentration with respect to time.
ot

If {C} is approximated at the new time (t+ A t), then the solution of Equation (14) is said to be

fully implicit and is given by: -

[elicy ™ + ey + - [plfe) - e}t =) @0

Eq. (20) can be rearranged to have all the concentrations at the old time to be on the right-
hand side and all the new time to be on the left-hand side:-

(lo1+ L1+ L [PI)icy ™ = L [Plcy + 1 @)

The Quadrilateral Element
It is a two-dimensional element known as the multiplex element. The quadrilateral

elements with eight-nodes are referred to as the quadratic elements because the interpolation

(shape) functions are quadratic along lines of constant { or constant 1 as depicted in Fig.11"%
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T
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(b)

Fig. (11) (a) Quadratic element
(b) Local coordinate system ¢®
* COMPUTER PROGRAM

A computer program presented by Wang and Anderson ®® which solves the advection-
dispersion equation by using one-dimensional finite elements is extended herein as to include
two dimensional multiplex ones. All necessary matrix changes have been done in the program
according to Egs. (19-21). The program has been written in FORTRAN 77 language, and the
compiler used is FORTRAN Power Station 04- Microsoft Developer Studio. The program has
been modified by the authors in order to carry out the required computations.

Verification Example
The numerical model has been tested to determine its validity. The verification was done

by comparing the finite element results with a one-dimensional analytical solution for Eq. 1.
The analytical solution for Eq. 1 is presented in Eq. 3. For the verification of the program,
input parameters are chosen from the reference of Wang and Anderson ®°. A uniform square
element of size of (5x5) m is used to discretize the region. To identify the case solved, the
mesh Peclet number is defined as V:-
po_ Va X AX (22)

DL

where:-

Vx. discharge velocity, and

AX - traveled distance.

The Courant number, Cr, which is responsible for the time step evaluation is known as ¥

_ Vy XAt
AX

Cr (23)

where:-

At : traveled time.
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Input data for Egs. (22) and (23) are ©%:-

o Vx=01 m/day,
e M=5m,

. Dy - 1.0 m2 /day, and
o At=100 days.

The solution results in:-

o Pe=05 and

o Cr=o2

Wang and Anderson ® found that the finite element solution predicts the solute front
travel somewhat faster than the analytical solution does. Numerical results are obtained from
the developed program and compared with the analytical solution program. Fig. (12) shows
this comparison and it can be seen that the developed finite element program results are in

agreement with the results obtained by Wang and Anderson “°.

1.00

L —4@— Finite Element
— @ — Analytical Solution

0.80 —

0.60 —

CICo
[

0.40 —

0.20 —

0.00
0.00 20.00 40.00 60.00 80.00 100.00

Distance (m)

Fig. (12) Comparison curves of the concentration profile at t=400 days, for Pe=0.5

* FIELD PROBLEM
A proposed field problem is chosen for the illustration of the effect of using a geosynthetic

material on the process of contaminants migration through porous media. Fig. (13) shows the

finite element mesh and dimensions of the selected problem. Two types of effects can be
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obtained when using geosynthetic materials on the process of contaminant's migration. These
effects are: -
e The decrease of the longitudinal coefficient of dispersion , and
e The decrease in the volume of solution leachate from the source of pollution according
to the low permeability of the geosynthetic material.
According to the effects described above, two field cases are adopted: -

1. without using the geosynthetic material (Fig. 14) : -

velocity= v = 2.5 m/hr. , D.= 10.0 m%hr

Dr = 0.2 m’hr , time = 10.0 hr

time interval = At=0.5 hr , initial concentration= Co= 20000 mg/I
2. with the use of the geosynthetic material (Fig. 15): -

velocity= v = 2.5 m/hr. , D.= 2.5 m%hr

Dr=0.2 m%hr , time = 10.0 hr

time interval = At=0.5 hr , initial concentration= Co= 1000 mg/I.

Using the above data, the results of the finite element algorithm are presented in:
e Figs. (14) and (15) which show the pollutant concentration as temporal equi-

concentration curves.

Y Initial concentration

E ....'.'...'.". .
o 262
""'...l.'.'.' -
64
3 1010101010191910101919101010} 04
5 1 62 68 79 85 96 102 113 119 130 136 147 133 164 170 181 187 198 204 215 221 232238249235 266

15m ~

= B

® hode number
O element number
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CONCLUSIONS
The following, conclusions are drawn from both the experimental and numerical
models:-
- In the verification of the numerical model, a good agreement is obtained between the finite
element algorithm developed program and the program presented by Wang and Anderson @0 In
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both analyses, it was found that the solute in finite element solutions traveled faster than when
using the analytical ones.

- Increasing the value of discharge velocity during the experimental run increases the value of
longitudinal and lateral coefficients of dispersion.

- Increasing the value of discharge velocity during the experimental run decreases the time
required to reach the 10% of the total concentration.

- A significant effect is obtained by the use of the geosynthetic material represented by the
decrease in the longitudinal coefficient of dispersion many times and a reduction in the amount
of volume of leachate from the source of pollution. These effects result in decreasing the
contaminants migration through the porous media and reducing the distances traveled by them.

- According to the theory adopted to calculate the lateral coefficient of dispersion, there is no
effect obtained from the use of a geosynthetic material on the value of the lateral coefficient of
dispersion.
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LIST OF SYMBOLS

C the mass concentration with respect to the fluid.
CCL compacted clay liner.

CO initial contaminant concentration.

Cr Courant number.

DL longitudinal coefficient of dispersion.

DT transverse or lateral coefficient of dispersion.

e element.

GCLS geosynethetic material.

HDPE high density polyethylene.

hydraulic gradient.

k coefficient of permeability.

L number of node.

t time.

u pore or average liner velocity.

W.M with the use of geosynthetic material.

W.0.M without using the geosynthetic material.

X distance traveled by the contaminant in the direction of flow.

y distance traveled by the contaminant in the perpendicular direction of flow.
A indicates summation.
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N ¢ nodal basis (shape) functions.
L
I the boundary of the problem domain.
Ny, Ny the components of a unit vector normal to the boundary.
o the integration variable representing distance along the boundary in
Counterclockwise sense.
{C} the column matrix of nodal concentration.
oC the column matrix of the time derivative of nodal concentration.
t

square coefficient matrix.
square coefficient matrix.
square coefficient matrix.

column matrix corresponding to the boundary integral on the right hand side of
Equation (5-5).
length of time.

concentration value at the new time.
concentration value at the old time.

change in nodal concentration with respect to time.

traveled distance.
Peclet number.

the local coordinates.
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SLESSURFACTANT ASDRAG REDUCING AGENT WITHIN
GASOIL FLOWING THROUGH PIPELINES
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Dr. Hayder A. Abdul-Bari
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ABSTRACT

Sodium Lauryl Ether Sulfate (SLES) with five different
concentrations (from 50 to 100 ppm) were used as drag reducer. This surfactant was
studied using gasoil with seven different fluid flow rates (from 1.9 to 4.5 m*/h) and a
testing section length of 4 m. Percentage drag reduction (%Dr) was found to increase
by increasing the surfactant concentration and Reynolds number. Maximum drag
reduction (45.5%) was acheved by using 300 ppm of SLES dissolved in gas oil for
flow rate equals to 4.5 m*/h. Friction factor was calculated from the experimental
data. For pure solvent; friction factor values lies near or at Blasuis asymptote. While,
by producing the surfactants into the flow, the friction factor values were positioned
below Blasius asymptote towards Virk maximum drag reduction asymptote.
Correlation equation was suggested for surfactant solutions. This correlation shows
the friction factor as a function of Reynolds number (Re) and surfactant concentration
(C). The results showed good agreement between the observed friction factor values
and the predicted ones from the correlation equation.
s AuadAl)
zsl B Adia. 38 iy SLES "eadand) sl cllalaa" e g 53 i) o8 ¢ Jlall Gl B
ey il A o ai G Sl ) gl (8 A8 U JalaaS (o sald) b ja Voo 00 (e
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INTRODUCTION
Since the early fourties, drag reduction has become an increasing interest in
science and technical applications. Power saving is the maor headline for many
investigations that deals with drag reduction. Many techniques for reducing drag were
suggested by many researchers for large number of applications. One of these
techniques depends on suppressing turbulent eddies by using baffles with different
heights in turbulent flow region, as in channel flow™®. Other techniques used layers of
greasy materials or bubble layers to reduce skin friction, as in some marine
applications in ships®?. One of the modern techniques in drag reduction is by the
addition of minute quantities of chemical additives to liquids transported in turbulent
flow through pipelines®. That in some cases, it is necessary to increase the
transported liquid flow rate in built pipelines to avoid any extra costs and time spend
on building new pipelines to have the same flow improvement needed. So, drag
reducers were used to overcome this problem
Polymers and surfactants are the most popular chemical drag reducing agents
in commercial applications. The commercial applications of polymeric drag reducers
were established for crude oil transportation by many companies like CONOCCO and
TAPS™. These applications showed the high ability of polymers in reducing drag and
increasing oil flow rate without the need for any additional pumping stations or new
pipelines. Also, these applications showed many disadvantages of using polymeric
drag reducing agents, such as changing the transported liquid properties (especialy
viscosity) within certain limits of polymers concentrations and the polymer stability
against high shear forces (shear degradation).
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Surfactants were used as drag reducing agents in many commercia
applications. The special configuration of the surfactants molecules plus there
multiple personality, make it possible to overcome some of the polymers
disadvantages. Surfactant molecules have the ability to form certain types of
aggregates which are called “micelles’. These micelles do have the ability to reform
their structure (regain their drag reducing ability) when the fluid enters lower shear
regions.™ ? Also, surfactants are easier to handle during operation and commercially
available. All these advantages made the surfactant to be preferred on many types of
polymers in some commercial applications, especially with aqueous media®.

Even though a fully accepted theory behind the drag reduction does not exist
©® The reason for the difficulty is the nature of the problem; it is a combination of
physics, chemistry, rheology and hydrodynamic. The chaotic media that the drag
reducer works in (turbulent flow), where masses of liquid moves randomly through
the pipe in non-predictive manner and the absence of a modern technique to establish
a clear mapping of turbulence inside the pipe made all the mechanisms suggested
highly speculative and all have been subjected to criticism. However, the major
categorize of drag reduction mechanisms suggested in the literatures were adsorption

mechanism, structure mechanism and elasto-viscous mechanism” 9.

EXPERIMENTAL WORK

The flow system apparatus constructed in the present investigation can be seen
from Fig. 1. The reservoir tank was supported with a 0.0508 m |.D. pipe connected to
the main centrifugal pump which delivers the fluid to the testing sections. A carbon
steel pipes of 0.01905 m I.D. were used in constructing the flow system.

The minimum entrance length required for a fully developed velocity profile
in turbulent flow was calculated from the relationship suggested by Desissler™:

Le= 50D Q)
Therefore, the minimum entrance length for the present work according of the pipe
diameter is 0.9525 m.

The testing section was 4 m long and it was away from the entrance according
to pipe diameter. The reason to do that isto restrict the pressure drop measurementsin
fully developed region.
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11 6

1
1.~ pressure gage
2. bal valve
3. 0.01905m.D pipe
4. 0.0254 m|.D pipe 10
5. 0.0508 m|.D pipe
6. mixer
7. flow meters 1
8.  centrifugal pump
9. centrifugal pump 9
10. draining exit
11. QVFresavoir tank
12. Reservoir tank

Fig. 1 Schematic diagram of the closed loop circulation system

One anionic surfactant was used in the present investigation as drag reducing
agent for light gas oil which taken from Al-Dura Refinery. The SLES surfactant was
taken from General Company of Vegetable Oil Industry.

The operation begins when the pump starts delivering the solution through the
testing section. The solution flow rate is fixed at a certain value by controlling it from
a bypass section and pressure readings are taken to this flow rate. By changing the
solution flow rate to another fixed point, pressure readings are taken again until
finishing the seven desired values of flow rates.

Pressure drop readings through testing sections before and after drag reducer
addition, were needed to calculate the percentage drag reduction %Dr which
calculated as follows ®2:

DP, - DP,

%Dr = (2

R,

Fanning friction factor was calculated using the following equation:
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_DP.D/4AL
rv?/2 @
RESULTSAND DISCUSSIONS
Figure 2 shows the effect of solution velocity (V) on the percentage drag

f

reduction (%Dr). The velocity component was represented by the dimensionless form
of Reynolds number (Re). Maximum %Dr of 45.5% was established within additive
concentration of 300 ppm. From this figure, it can be noticed that the percentage drag
reduction increases by increasing Re (fluid velocity) through the testing section.
Increasing the fluid velocity means increasing the degree of turbulence inside the
pipe. This will provide a better media to the drag reducer (surfactant) to be more
effective. In more details, %Dr increases progressively with Re until reaching a
certain range of Re where the %Dr increase was dlighter. This behavior may be
explained due to relation between degree of turbulence controlled by the solution
velocity and the additive effectiveness. Increasing the turbulence to certain limits
(fluid velocity) mean improving the ability of the surfactant to reduce drag within
these limits. This improvement was reflected by the progressive increase in %Dr for
the first range of Re. Further increase in Re showed that %Dr reached its amost
maximum values and the increase was dighter, which means that the turbulence
reached a state where the drag reducer can no more be effective in the same degree as
in the first range due to the very high shearing the drag reducer exposed to.
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Figure 3 shows that %Dr increases by increasing the surfactant concentration.
This means increasing the number of surfactant molecules involved in the drag
reduction process. In other words, within certain Re, increasing the surfactant
concentration means increasing the turbulence spectrum that is under the drag reducer
effect. It is important to notice that, although %Dr increases by increasing the
surfactant concentration, but its behavior with Re at each concentration still the same
as reported before. Increasing the additive concentration during the drag reduction
process is not unlimited. One of the important limitations of using drag reducer
(especialy within commercial application) is its effect on the apparent physica
properties of the transported fluid. So, severa tests were made on samples of gasoll
solutions with different additive types and additive concentrations. These tests were
made to ensure the validity of using SLES surfactant as drag reducer within
hydrocarbon liquids without affecting the properties of the transported fluids. The
results showed that, within the range of surfactant concentrations used (50 to 300
ppm), no noticeable change on the apparent physical properties of gasoil was
reported.

50,

Q. Re=2639"
O Re=2250;
40 B Re=1990¢
B\ Re=1644
& Re=1492
W Re=1298;
W Re=1125

30

%Dr

20

10

20 80 140 200 260 320
C (ppm)
Fig. 3 Effect of additive concentration on percentage drag reduction within

different Reynolds numbers

Figure 4 shows the friction factor for various Re and surfactant concentration.
It can be noticed that, when the surfactant concentration is zero (pure solvent), most
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of the experimental data points are located at or close Blasuis asymptote which give
an indication that the starting points of the operation are close to that of the standard
operation conditions suggested in the literatures. But when the surfactant is presented
in the flow, the experimental data points are positioned in the direction of lowering
friction towards Virk asymptote ¥ that represent maximum limits of drag reduction,
which will give the idea that, to reach such an asymptote, higher additive
concentration and Re are needed. But, it must be considered that higher concentrations

should not affect solvent properties.

0.011

0.006 \<

f=0.0791 %2>

© 50
0O 100
¢ 150
A 200
® 300 pp

0.001
2000 5000 8000 11000 41000

Re

Fig. 4, Friction factor versus Reynolds number at different additive

concentrations

By applying the dimensional analysis using Buckingham p theorem @, the

following non-dimensional relation was proposed:

F =aRe" C* (4)

Least square method was used to determine the coefficients. This method was done by
a computer program and the resulting equation is:
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F =1676.8 Re** C*" (5)

with variance equals to 0.951 and standard error of 7%.

NOMENCLATURE

a, b, k Constants in equation (4).

C Concentration of surfactant (ppm).

D Diameter of pipe (m).

f Fanning friction factor (-).

L Length of the pipe (m).

Le Minimum entrance length for fully developed profile (m).
Re Reynolds number (-).

\Y Velocity of the fluid (m/h).

r Density of the fluid (kg/m°).

%Dr Percentage drag reduction (-).

DP Pressure drop in the pipe (kPa).

DP, pressure drop after drag reducer addition (kPa).
DPy pressure drop before drag reducer addition (kPa).
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A GALVANOSTATIC POLARIZATION INVESTIGATION
OF STEEL CORROSION IN ALKALINE SOLUTIONS

Aprael S. Yaro
Chemical engineering department, college of engineering,Univeristy of Baghdad

ABSTRACT

The electrochemical behavior of iron and steel in alkaline media is complex,not well understood.It is
difficult to determine corrosion rates of steel in high pH solutions by extrapolation of Tafel
curves.Polarization resistance (Rp,) must be determined in some other way.In this study an attempt was
made to find (Rp) values of steel corroding in saturated Ca(OH), by anodic currents impressed
galvanostatically to the steel from a counter electrode placed together with a reference electrode(l.e.
impressed anodic current densities were (10,20,40,and 100pA/Cm? and duration time was about 25
minutes). It was found that this rapid and non destructive polarization technique yields accepted and
reasonable information on corrosion behavior.
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INTRODUCTION:

The best known technique of evaluation of the instantaneous corrosion rate in the laboratory and in the
field is the polarization resistance method (linear polarization),developed by Stern et al [*®]. The
corrosion rate is calculated from the formula:

leorr. =[Bape/2.3(Ba+Be)] X (AI/AE ) =B/Rp ccuveerveereeereereereeveennenns 1)

Many studies [*®] showed and investigate the limits of application and accuracy of Stern and Geary
development.The results of these studies led to state that in many systems the correct determination of
corrosion intensity is limited by many factors,namely (i) The Tafel slopes are unknown or vary with time;
(if) The corrosion potential varies during the measurement; (iii) The system being polarized requires a
given time to achieve a steady state....... etc.

Steel immersed in the strongly alkaline solutions will not normally corrode due to the formation of a
protective iron oxide film which passivates the steel. This passivity can be destroyed by corrosive species
(i.e. CI").Corrosion is then initiated leading to establishment of corroding and passive sites on the metal
surface in which both anode and cathode reactions are taken place.The anode reaction are : Fe
Fe™ £2€ coprrnirniennnnnnn. (2) ( metal dissolution,active corrosion)

3Fe +4H,0 ___ Fgi0,+8H" +8e.......... (3)(formation of passive layer)

The released electrons travell through the steel to the local cathode on which they are used in the oxygen
reduction reaction:

O, +2H,0+4e  —HOH .ieiiiiiniiannee, “)

These reactions lead to the development of regions of different electrochemical potentials and result in
current flow within alkaline solution.The galvanostatic pulse technique has been introduced for field
application in 1988 to overcome problems with the interpretation of corrosion risk of reinforcement
occurring when half cell potential readings are applied in wet ,dense, or polymer-modified concrete,when
access of oxygen is limited.since introduction of this technique the development work is conducted in
order to allow the quantitative evaluation of the ongoing reinforcement corrosion ["®] .The principle of
galvanostatic pulse corrosion rate estimation is based on inducing a short duration anodic current pulse
into the reinforcement galvanostatically from a counter electrode placed on the concrete surface together
with the reference electrode. The applied current is normally in the range of 5-400 pA and the typical
pulse duration is up to 10 seconds [*].Accordingly , the technique which is gradually gaining acceptance
by engineers is the transient galvanostatic pulse technique.This method applies a small constatnt-current
perturbation l.p. To the steel reinforcemet in a similar manner to a galvanostatic linear polarization
resistance(LPR)measurement. This resulting potential transient response,is analyzed according to electronic
theory [?] were for asimple resistance and capacitor in parallel :

Et = Iapp RQ + IappRp [ 1'exp('t/RpCd)] .................. (5)

This may be converted to:
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LOg (Emax' Et) = |Og (Iapp . Rp) - t/RpCd .............................. (6)

It is believed that the present investigation of the corrosion behavior of steel in alkaline Ca(OH); is similar
in many respects to the aqueous phase of cement, so it will contribute to better understanding of the
behavior of embedded reinforcement. The duration period in this investigation is relatively long compared
with the mentioned technique but the induced applied currents cause polarization of immersed steel In the
" anodic direction” compared to its free corrosion potential.

EXPERIMENTAL PROCEDURE:

A single Compartment cell containing sodium hydroxide test solution was used for the galvanostatic
measurements.The counter electrode was a platinum foil. The potential of the working electrode was
measured V's a saturated calomel electrode(SCE),supplied with a fine luggin capillary which was placed
within 0.1 Cm of the electrode surface.The working electrode was a rod measuring 6.35 mm in diameter
and 10mm in length with a total exposure area of 31.7mm?* Befor being used,the electrode was abraded
with emery papers of 320,400,and 600 grades,degreased with aceton(CH3COCHS3) and finally washed with
distilled water(which was also used in preparing the test solution),then pickled in 50%wt. Hcl for 5
minutes[*°]. The chemical composition(Wt.%) of the working electrode
was:P=.006;C=.124;Mn=.494;S=.007;and the remainder Fe.

Galvanostatic polarization curves were traced under constant current densities(l,e;10,20,40 and
100uA/Cm?).The variation of electrode potential with the quantity of electricity was followed as function
of time(see figure 2).The anodic experiments were started after a steady potential was attained using the
same current density.When the potential of working electrode reaches the final steady state potential
value,the current was swiched off[*']. The experiments were carried out at (25+1)C. The circuit diagram is
shown in details in figure(1) .

Power supply

Platinum counter electrode
( A ) ,
Calomel electrode
Fixed high resistance —®—’

Steel bar working electrode

FIG.(2) Circuit diagram for galvanostatic polarization measurement

RESULTS AND DISCUSSION:

Four potential time curves at fout different current densities (i.e.,10,20,40 & 100uA/Cm?) shown in fig.(2)were
obtained immediately after immersion in the aerated saturated Ca(OH), solution. It is clear that the four curves
have the same characteristic form , and the potential shows a rapidly rise until it reaches the final steady state
potential valume(i.e.,0.6-0.7V(SCE)).Also it is quite clear that the time required to reach the final steady state
potential value decreases with increase in current density.Fig(2) also shows the anodic potential increases with
increase applied current density from 10 to 100 pA/Cm?,but this increase was less pronounced at high current
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density 40 and 100pA/Cm?.In order to obtain values of Ry & Cgy separate from the omic resistance (Rohm) ,
equation(5) can be transferred to linear form as in equation (6) (Appendix A shows the linearization of
equation(b)).

Figures (3,4,5,and 6) show the transformation for calculation of the In(lspp.Rp) and (1/R,Cqi) values for 10,20,40
& 100 pPA/Cm? respectively. Extrapolation of the straight line to T=0 using least square linear regression
analysis produced an intercept corresponding to In(lspp.Rp) and a slope of the line of (1/R,Cq).for each applied
current density. The remaining over potential correspondes to l,pp Ry the omic voltage drop after the polarization
resistance R, is determined by means of this analysis, the corrosion current Iy, Can be calculated from the
Stern-geary equation[']:

Icorr_ = B/Rp .................................. (1)

Where B is an empirical constant determined to be 0.026 V for actively corroding steel and 0.052V for passive
steel [****].Table(1) shows the corrosion parameter determination using galvanostatic method according to
above explanation & in the light of electronic theory with a sample of calculation in appendix(B).
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Potential, V(SCE)
=
(7S]

B2

—¢ 10 pA/em’
—o 20 pA/em’
—o- 4V pAlem”

— 100 pA/em’

Time, min

o 8 1012 Y6 182 22 2426

Fig. (2) Anodic polarization of steel in calcium hydroxide solution at
different current densities.

Table (1) Experimental results for determination of R,, Rohm, i &

conductance“%lsing galvanostatic pulse technique.

Current Density, pA/cm*
1 IﬂPP Iapp lapp
Corrosion '/:Eﬁ 2;?
Parameter | jopuaicm? | 20pAkem? | 40pAlem? | 100 pAfem®
Solution .
Resistance Rq, 412 31505 16420 6761
ohm
Polarization
Resistance R, 23728 1994 580 239
ohm.cm’
Corrosion
Current’ ]-095 13.14 44.8 108-9
ic(,,,.p,A/cm2
Conducta?ce, 150 153 11045 30092
pF/cm
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0%

110, In(Epmay-E) = -0.2819¢ - 1.4385
=) |
7 |
@ |
- |
<
E

®
0 4 8 D ABEEE T (e R T

Time, min

Fig.(3) Galvanostatic pulse transient from active steel in Ca(OH),
solution. Eyax = 0.65 V(SCE), Iy, = 10 pA/Cm’.

o IN(Eax-Eo) = -0.2073t - 3.2222

Time, min 1

Fig.(4) Galvanostatic pulse transient from active steel in Ca(OH),
solution. Emgx = 0.67 V(SCE), I5p. =20 nA/Cm?,
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i 0
| ® In(Emax-E¢) = -0.1561t - 3.7636

0 4 8 12 16 20 24 28

Time, min

Fig.(5) Galvanostatic pulse transient from active steel in Ca(OH),
solution. Eax = 0.68 V(SCE), I,,p. = 40 pA/Cm®.

IN(Emax-E) = -0.1391t - 3.7349

In(Emax-Er), V(SCE)
A

Time, min ’

Fig.(6) Galvanostatic pulse transient from active steel in Ca(OH),
solution. Ea = 0.70 V(SCE), I,pp. = 100 pA/Cm?.
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CONCLUSIONS:

- By means of this polarization technique,the effective polarization resistance can be
calculated which can be used for calculation of corrosion rate.

- The radical changes in the exposure conditions,especially the temperature and concentrations
of corrosive species will alter the corrosion current by a certain factor

- Based on the results obtained in this study an equivalent circuit construction is recommended
to check the validity of this attempt as simulation to corrosion behavior of steel in concrete.
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Appendix A

When the constant current I, is applied to the system, the polarized

potential of the steel rod E,, at given time t, can be expressed as:

E =1,| R{1-(exptt/R,C,)}+R)] A5

where: R, is the polarization resistance
Cuar, is the double layer capacitance
Rg is the ohmic resistance

When t »»» 0, 1/(exp( t/R p C dl }»)»0, EOmEmax
-.equation (5) reduces tq;
Enmx = Iapp I.Rp (1 i 0)+ RQJ

- o
E = bR+ R, (7

max app

Subtracting (5) from (7) leads to:

BB =Ll +1 o1, o 41,k 19 1,4k,

Emw-( o e('I/R/,(,‘”')

app **rp
ai8)
linearization eq™ (8) by taking In of both sides:
In( E B
max ST 4pph.Cop i e e 9
Tl e RPCW !

Plotting In(Epux-E,) vs"t will lead to:

Intercept=In I,,,.R, and Slope= e
kG
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Appendix B

Sample of calculation of R, Rq, icorr and conductance at 10 pA/cm? :

From Figure (3):

1. In Iopp.R;, =-1.4385 (intercept), I,p,.R,=0.2373

0.2373

(e Dk
2. Slope= —Z1  =0.282
RIJ dl.
1 — = ———1——‘—_ 2
~CaL= 20282 23728x0.282 = 150 pF/cm
4

In our case the corrosion is active

. B=0.026

o o R 5
Sl = R, 53728 =1.095 pA/cm

IOpp.RQ =0.65-0.2373
10x106Rq=0.4127
Ra= 0.4127/10x10-¢= 41270Q
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APPLICATION OF MATHEMATICAL DRILLING MODEL
ON SOUTHERN IRAQI OIL FIELDS

Dr. Sameera M. Hamad-Allah Ali A. Ismael
University of Baghdad/ College of Engineering
Petroleum Engineering Department

ABSTRACT

Minimum-cost well drilling demands the best use of controllable drilling variables for each
formation to be drilled. To reach thisaim, this study was divided into two main parts:

The first part deals with applying a mathematical drilling model to field data of forty wells
drilled at three mgjor oil fields (RU, R, and Z). Bourgoyne & Y oung (1974) drilling model has been
modified to take into consideration the combined effect of weight on bit, rotary speed, bit type, bit
size, flow rate, drilling fluid density, drilling fluid viscosity, oil content, bit-nozzle size, formation
drillability, formation abrasiveness, bit bearing constant, formation hardness, formation
compressive strength, differential pressure between mud column pressure and formation pressure,
and bit dullness on drilling rate a these fields. The measurements of formation compressive
strength have been achieved using 34 core plugs. These plugs were cut and prepared for soft,
medium, and hard formations under study. The drilling model was fitted to Field data by using
multiple regression analysis technique. The results of analysis gave low standard deviation, high
correlation coefficient, and good matching between measured and calculated drilling rate. The

validity of modeling process has been verified by applying the proposed drilling model on other
wells that have not been included in the main analysis.

The second part deals with using the drilling model together with non-linear optimization
technique to determine the optimum values of the controllable drilling variables. These variables
are: weight on bit, rotary speed, flow rate, drilling fluid density, drilling fluid viscosity, oil content,
bit-nozzle size. Using the proposed mathematical drilling model together with the Constrained
Rosenbrock optimization technique achieved a marked reduction in drilling cost about 60%, 75%,
80% in soft, medium, and hard formations respectively. The results of optimization were used to
construct optimum bit record for the next wells to be drilled. For comparison purpose, this
optimum bit record has been used to reduce the drilling cost for well RU263 and saved about
295000 $ in the total cost of this well which is equal to 394176 $.
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INTRODUCTION

Minimizing the drilling cost can be achieved by successful modeling of the drilling process and
full understanding of the major factors that affecting directly or indirectly drilling rate. Through the
work of numerous investigators, the most important drilling factors have been identified as
controllable and uncontrollable factors. The controllable factors are; bit weight or drilling force, bit
rotational speed, hit type and size, hydraulics, and drilling fluid type and properties. While the most
important uncontrollable factors are; weather and location, water availability, rig conditions and
flexibility, round trip time, rock properties, depth, bottom hole temperature, hole problems, and
crew efficiency. The lowest drilling cost doesn’t result from increasing penetration rate alone, but
also equipment life and wellbore stability. With a basic understanding of the principal mechanisms
and the physical processes involved in the drilling operation, theoretical relationships and empirical
correlations based on both field and laboratory measurements materialized out of 1950's.

The basic drilling rate-weight-rotary speed relationships (the so-called R- W-N equations) were
essentially the earliest form of drilling models. According to these basic forms, drilling rate was
equated to the product of weight on bit and rotary speed, each raised to an empirically derived
exponent, and multiplied by proportionality constant to take into account the formation
characteristics. This elementary form of the penetration rate equation has basically remained
unchanged over the years although modifications have been incorporated to include the effects of
hydraulic system, drilling fluids, and bit dullness.

Results from a successful modeling effort can be used for optimization of drilling operations to
achieve conditions of minimum cost. Drilling optimization is defined as a technique for pre-
selecting the magnitude of drilling variables in order to maximize the drilled footage and reduce the
total drilling time. The basic idea of optimized drilling is to use the recorded data of the first well as
a basis for calculations and to apply optimum techniques to the second and third wells in order to
improve the drilling efficiency.

There have been many drilling models presented before to predict the physical processes during
drilling operations (Galle et al. (1960), Young (1969), Bourgoyne et al. (1974), Moore (1974)
Cunningham (1978)). These mathematical models are used also with optimization techniques to
provide a method for selecting optimum drilling variables with more cost savings.
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PREVIOUSDRILLING MODELS
In general, a mathematical drilling model provides a method to predict and control drilling
process and minimize drilling cost. Drilling models also provide a mean for recognizing unusual
effects when the observed bit performance deviates from predictions. For successful application,
any drilling model must have the following three basic equations: rate of penetration eguation, rate
of bit tooth-wear equation, and rate of bit bearing-wear equation. These equations can be used to
find the values of rotating time (T; ) and footage drilled (F) during bit runs. Thus, they represent
the heart of bit performance prediction and minimizing drilling cost.
The general form of the cost per foot (CPF) equation is given by:
CB+CR(T, +T,)
CPF = D

f

Minimum drilling cost per foot can be achieved by selecting the best available values of the
controllable drilling variables that gives optimum values for final drilled footage (Fr) and rotating
time (Tt ).

Moore Drilling Model

Moore (1974) suggested a mathematical drilling model that reveals the effect of bit weight, rotary
speed and bit dullness on drilling rate. He presented the following two fundamental equations:
1- Rate of Penetration Equation:

dF _ KN'W
—= @)
dT 1+K#H
Where the constants K (and | would have to be determined from field operations.
2-Bit life equation:
K«
o= 3
IYYE ©)

The exponent (b) is a function of drilling fluid type and will vary between (1.0 and 3.0)
depending on the abrasive characteristics of the fluid in contact with the bearings.
Galle & Woods Drilling Model

Galle & Woods (1960) presented an empirical drilling model that shows the effect of weight on bit,
rotary speed, and bit tooth dullness on drilling rate. They aso presented the concept of bit dullness
by developing two other equations for tooth wear rate and bearing wear rate.

- Rate of Penetration Equation:

dF rwk
aT =Cq o (4
Where:

a=0.928125H2 +6.0H +1.0

1.0forflat-crestedhit toothwear.

i
P=i 0.5forself - sharpeningpr chippingbit toothwear
1 0.0forinsert(button)its.
4 -100 - 100, N
r :ge T oS +0.5N(1- e /NZ)E (For soft formations)

4, 100 100/ o
r= ge I 0ses +0.2N(1- e %“z)a (For hard formations)
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_ 110 (For hard formations)
%0.6 ( For soft formations)

- Rate of Bit Tooth-Wear Equation:

di i
dT A am

()

Galle & Woods (1960) defined (i ) and (m) as follows:
i =N+4.348" 10°N°®
m=1359.1- 714.19Log(W.,)

For calculation purposes, all functions of bit weight are normalized to 7 7/8 inch bit size:

7.875" W

W, ==

d
m
" 714.19
- Rate of Bit Bearing-Wear Equation:
dB _ N

TS ©

where the symbol (L) is tabulated as a decreasing function with increasing bit weight (Moore,
1974).
Young (1969) derived a mathematical drilling model that described the rate of penetration in
terms of weight on bit, rotary speed, and the degree of bit tooth dullness.
a-.Rate of Penetration Equation:

dF _KW- M)N'
dT 1+C,H

(7)

Where the constants K, M, C,, and A must be determined experimentally in the formation drilled by
using Five-Soot drilling rate tests.

b- Rate of Bit Tooth-Wear Equation:

dH A (Pa+QN?)

dr ~ (D,- DW)1+C.H) ®

Where the tooth wear and size parametersP(, Q, C; D; and D, are listed according to bit type and
size (Barragan, 1997).

c- Rate of Bit Bearing-Wear Equation:

% = bi NW¢ 9)

The weight exponent, o, relates bearing wear rate to bit weight. A value of 1.5 was observed for
common drilling fluids.
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Bourgoyne & Young Drilling Model

Bourgoyne & Young (1974) developed a mathematical drilling model to show the effects of
formation strength, formation compaction, formation depth, pressure differential a cross the hole
bottom, bit weight and diameter, rotary speed, bit wear, and bit hydraulics on penetration rate.

- Rate of Penetration Equation:

This equation predicts the effect of various drilling variables, X;, on rate of penetration, which is
given by:
e u
d—F:EXP§a1+ 8 a4 x.i (10)
Modeling of the drilling process is accomplished by determining the constants (a; through ag) in
the above equation from a multiple regresson analysis of field data Thus, the eight drilling
variables are defined as follows:
Effect of formation strength; The constant (a;) represents the effect of formation strength and
drillability on penetration rate. It also includes the effects of drilling parameters that have not been
mathematically modeled.
Effect of compaction; The terms (agx2) and (agxs) model the effect of compaction on penetration
rate. X, isdefined by:
X, =10,000- D (11

And this assumes an exponential decrease penetration rate with depth (D) in a normally compacted
formation .X; is defined by:

X, = D*®(Gp¢- 9.0) (12
And this assumes an exponential increase in penetration rate with pore pressure gradient (Gpo).
Effect of Differential Pressure; The term (asX4) models the effect of differential pressure across
the hole bottom on penetration rate. X, is defined by:

X, =D(Gpt- 1) (13)
And this assumes an exponential decrease in penetration rate with excess bottom hole pressure.
Effect of Bit Weight and Bit Diameter; The term (asXs) models the effect of bit weight and
diameter on penetration rate. Xs is defined by:

Xs — anv/d B (W/d)t g

Ea0-Wia),

And this assumes that the penetration rate is directly proportional to (W/d)®.

Effect of Rotary Speed; The term (asXes) models the effect of rotary speed on penetration rate. Xg is
defined by:

(14)

X, = Lnge—=2 (15)

And this assumes that the penetration rate is directly proportional to N.
Effect of Bit Tooth-Wear; The term (a;X7) models the effect of tooth-wear on penetration rate. X~
is defined by:

X, =-H (16)
And this assumes an exponential decrease in penetration rate with increasing tooth wear.
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Effect of Bit Hydraulics; The term (agXg) models the effect of bit hydraulics on penetration rate. Xs
is defined by:
__Iq
®  350nd, an
The constants & through ag can be determined by using multiple regression analysis of drilling
data. This statistical technique is used to model sets of data points by a suitable equation with the
best possible accuracy. At first, the parameters X, through Xs must be calculated with Eq.(11)
through Eqg. (17) for each data points, then multiple regression analysis can be applied to
determine these constants.

- Rate of Bit Tooth-Wear Equation:

dH _H,éNg"é (W/d), -40 Ué+H,/20

=" . 18
ar A 81008 Fwid),, - o), B wo
Where the constants H;, Ha, Hs, and (W/d)max depend on bit type and size.
3- Rate of Bit Bearing-Wear Equation:
N
dB8 _ 1eéN vewu (19)

dT b, 8100884d

Where the weight exponent (6) is tabulated depending on bearing type and drilling fluid type
(Cunningham, 1978).

APPLICATION OF PREVIOUSMODELS

Moore (1974), Galle&Woods (1960), and Young (1969) Drilling Models failed to represent drilling
process at the selected oil fields. This can be attributed to the following main limitations:

1. These drilling models assumed that the bit type, hydraulic system, drilling fluid properties, and
differential pressure are adequate and don’t affect drilling rate.

2. Drilling optimization process has been restricted to find optimum bit weight and rotary speed
only.

3. For Moore drilling Model, no equation has been given for tooth wear rate. This means that the
tooth wear has not been considered to limit bit life

APPLICATION OF BOURGOYNE & YOUNG DRILLING MODEL

Several studies (AL-Betairi et a. (1988), Barragan et al. (1997), Wee et a. (1989) confirmed
the validity and successful application of Bourgoyne and Y oung drilling model (1974) at different
locations. This may be attributed to its ability in modeling drilling process using field data. It is till
considered to be one of the most comprehensive drilling models available for rotary drill bits.
Consequently; this section tests the application of this mathematical drilling model on the selected
field data. The validity of regression results is evaluated using several statistical techniques.

EVALUATION METHODOLOGY

Data Requirements

In this study, three of the most important southern Iragi oil fields have been selected as a case
study. These fields are: RU, R, and Z. These three fields have relatively similar stratigraphic and
formation properties. Since the bed sections can be classified according to their hardness into three
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main different types (soft, medium, and hard), data of forty wells located at these fields has been
divided into three parts according to formation hardness and then each part has been subjected to a
single regression analysis.
- Statistical Analysis

In order to calculate the best values of the regression constants a; through ag for each formation
type, the parameters X, through Xs must be calculated with equation (11) through equation (17) for
each data point.

Since no information have been recorded about the threshold bit weight per inch of bit
diameter (W/d),, and due to the fact that its value is too small as compared with the applied bit

weight per inch of hit diameter (W/d), it has been assumed to be equal zero. This assumption

agrees with the works of many authors (Wee et al., 1989). During this study, a statistical package
has been used to calculate the eight unknowns through the multiple regression analysis technique.
Evaluation of the validity of Bourgoyne and Y oung drilling model has been accomplished by using
severa dtatistical techniques which are: correlation coefficient (R), standard deviation (S.Dev.), and
predicted versus observed data plots.

- Regression Results

The multiple regressions modeling procedure has been achieved by using a statistical package.
Regression results for soft, medium, and hard formations are summarized in table (1) and Fig. (1)
through Fig.(3). For each formation type, the following quantities are obtained: the number of data
points included in a particular analysis, drilling constants a; through ag, correlation of data points
included in a particular analysis, drilling constants a; through as, correlation coefficient, and
standard deviation.

For soft formation results, regression constants as, as, and as have been found to be negative.
These negative values are unreliable and don’t represent the drilling behavior. AL-Betairi et al.
(1988) attributed the presence of negative regression constants to the multicollinearity (linear
dependence) problem between drilling variables.

The negative values of az and a4 are caused by the dependence between X;, X3, and X4. As the
depth increases, X, and Xsdecrease while X3 increase. The low correlation coefficient, scattered data
of observed versus predicted drilling rate plot, and large values of standard deviation corresponding
to these constants are all confirm their unreliability.

The negative value of as caused by another dependence between Xs and Xs. Barragan et al.(1997)
mentioned that drilling variables like bit weight and rotary speed are not independent due to
operational needs at the field area. When bit weight is reduced, rotary speed is normally increased.

For medium and hard formations results, athough good correlation coefficients have been
obtained, linear dependence has been also found between the drilling parameters X;, X3, and X,
which are depth correlated. The large values of standard deviation and the negative values of a, and
az in medium formations and ag in hard formations confirm this linear  dependence. Barragan et
al.(1997) and AL-Betairi et al.(1988) mentioned that these parameters are actually correlated with
depth and required very large number of data pointsto get reliable results.

POSSIBLE MODIFICATION
-Rate of Penetration Equation:

Bourgoyne and Y oung modeling procedure has failed to simulate drilling behavior and to give
meaningful values of the model constants from the available field data. Regression results for soft,
medium, and hard formations indicate that this failure can be attributed to the following limitations:
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Table (1): Regression Results, Bourgoyne & Young
Soft For mations Medium For mations Hard Formations
o R=0.55 Data points=110 R=0.73 DataPoint=55 | R=0.625 DataPoint=89
Drilling I nter cept (a;)=6.44 Inter cept (a)=4.24 I nter cept (a)=4.75
Coefficient - - -
Regression | Standard | Regression | Standard | Regression | Standard
Value Deviation Value Deviation Value Deviation
a 0.00044 3488.7 -3.989 12022.8 0.00034 407.34
ag -0.16286 51.3 -2.857 313 -0.00532 12.67
a -0.000422 1423.7 1.344 6266.2 0.00006 2925.15
as 0.236689 0.388 0.294 0.22 1.57115 0.097
ag -0.376089 0.184 0.1939 0.17 0.37772 0.096
ay 1.0743 0.198 0.293 0.24 0.28315 0.206
ag 1.8716 0.162 0.306 0.11 0.42513 0.109

adwhen B

1
aad AR

Fig. (1): Calculated Vs. Measured ROP of Soft

formations, Bourgoyne & Young model

BT E ALY, TR

L k4
Ml SO0

Fig. (2): Calculated Vs. Measured ROP of Medium

formations, Bourgoyne & Young model
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Cokadond SRR

Fig. (3): Calculated Vs. Measured ROP of Hard
formations, Bourgoyne & Young model

- The presence of linear dependence between drilling variables like X;, X3, and X4, which are
normally, correlated with depth, and between the mechanica drilling variables Xs and Xs. The
large number of constants to be determined in drilling rate equation. This number of constants
makes the results very sensitive to the number and accuracy of data points included.

The effect of formation compressive strength has not been considered.

Bit type effect on drilling rate has not been considered.

Thus, the following modifications have been achieved on Bourgoyne and Y oung drilling model
to make it more general, and represent the drilling process in the selected fields with higher
accuracy:

- In order to increase the accuracy of the drilling model and cancel the effect of linear
dependence between drilling variables (X;, X3, and X,), field data have been collected from
each depth interval separately instead of from all intervals. Consequently, the drilling
parameters correlated with depth X, and X3 would have constant effect on drilling rate for the
same depth interval and can be grouped into a single value included in the term of formation
strength factor.

- Different bits have been used during the drilling process, therefore, the effect of bit type on

drilling rate has been included in the modified model by further collection of data into groups

depending on bit class (IADC Code) and depth interval, and subjecting each group to a single
analysis. Thus, the term EXP(a;) will be more representative to the formation drillability
factor.

Effects of weight on bit, rotary speed, formation hardness, formation compressive strength,

and differential pressure have been included in the modified model by the form presented in
Cunningham Drilling model (Cunningham, 1978).

All the previous mentioned modifications would reduce the number of constants to be
determined during the regression analysis and cancel the effect of linear dependence on the
results. As the number of drilling constants to be determined in a certain analysis is decreased,
the number of data points required to calculate the remaining regression constants is aso
decreased. As aresult, the accuracy of these constants will increase.

- According to the experience and drilling results in the field area, it has been noticed that the
drilling rate is affected by oil content in drilling fluids. There have been severa studies %V
which emphasis this effect. Thus, it is necessary to include it in the modified model and
increase the accuracy of drilling rate prediction. Oil content effect has been considered in the
drilling model as stated by Allen (Chilingarian and Vorabutr, 1981).
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After including the proposed modifications, drilling rate equation is given by:
dF _ N"(W/d)" OfEXPla, +a, X +8,X,]

di 04245 *° +,/N"(W/d)" DP*™

Where Of isthe oil content function, and given by:
Of = Sin(10.601L%- 48.33)+10.66 (20)
For smplification purpose, formation drillability factor EXP(a;) can be written as follows:
D, = EXP(a,)
Thus, the final form of drilling rate equation is defined by:

dF _ DIN"(W/d)" OfEXP[a, X, +a,X,] 1)

dT  0.4245 ** +/N"(w/d)" DR
Where the constants Dy, a7, and ag can be determined through a multiple regression analysis. Rotary
speed exponents (n), depends on formation hardness and equal to (0.6, 0.7, 0.85) for soft, medium,
and hard formations, respectively (Cunningham, 1978). Weight on bit exponent () is calculated
from the following equation according to formation compressive strength values that have been
measured for each formation type.
w =0.178254Ln(s )+1.09793

-Rate of Bit Tooth-Wear Equation:

In the general form of this equation, tooth wear rate increases with bit weight, rotary speed, and
formation abrasiveness, and decreases with bit tooth dullness as can be shown in Eq.(5), Eq.(8), and
Eq.(18).

Tooth-wear rate equation presented by Bourgoyne and Young includes tooth-wear parameters,
which are restricted to limited bit types and sizes. However, the most general equation that
represents tooth wear rate is that presented by Galle and Woods (1960). Therefore, it has been
considered in the modified drilling model:

aH_
dT  Aam

(22)

-Rate of Bit Bearing-Wear Equation:

In the genera form of this equation, bearing life decreases with increasing weight on bit and
rotary speed, and increases with increasing bearing constant as can be shown in Eq.(3), Eq.(6), Eq.(
9), and Eq.(19). The same equation of Bourgoyne and Y oung (1974) has been considered in the
modified model by selecting a general value for bit weight exponent (5). Both Moore (1974) and
Young (1969) suggested a value of 1.5 for common drilling fluids. Thus, the rate of bearing wear
equation is defined by:

dB _1 15
i N(W/d) (23)

r

REGRESSION RESULTSOF THE MODEFIED DRILLING MODEL

Drilling variables required for modeling procedure are: depth, drilled footage, rotating time,
drilling rate, bit type, bit size, weight on hit, rotary speed, flow rate, drilling fluid density and
viscosity, oil content, nozzle sizes, bit dullness, formation type, formation compressive strength,
and formation pore pressure gradient.
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Field data points have been divided into groups according to hit class (IADC Code) and depth
interval. The same statistical package and techniques have been used to determine the model
constants Dy, a7, and ag and to evaluate the validity of the regression analysis.

Regression results for soft, medium, and hard formations have been summarized in table (2) and
Fig.(4) through Fig.(6).

It is obvious that there is no effect of the linear dependence problem on the final results. Positive
values of the constants a; and ag and low standard deviation confirm the success of modeling
process. Another noticeable improvements have been obtained in the modeling process by
increasing the correlation coefficient for the combined datato equal (0.943, 0.883, 0.911) for soft,
medium, and hard formations respectively. Furthermore, a marked reduction in the scattered data
about the 45-degree line for these formations is more significant.

From table (2), it is obvious that the values of tooth wear constant (a;) and hydraulics constant (asg)
are relatively identical for each regression analysis. Therefore, average values of 0.5 and 0.6 have been
selected as common vaues in the drilling model for (a7) and (ag) respectively.

VERIFICATION OF DRILLING MODEL

Once modeling procedure is completed, a verification test is added to check that drilling model is
a valid representation of the drilling process. Commonly, model verification involves using the
drilling rate eguation to calculate drilling rates of another set of data points that have not been
considered in the multiple regression analysis and compare these values with observed drilling
rates. If there are no great differences and the drilling model successfully pass this last test, then it
can be used for predicting drilling rate and then minimizing drilling cost. Table (3) represents
model verification results for four new wells which are: RU244, R488, 2128, and Z157.

DERIVATION OF ROTATING TIME AND FOOTAGE EQUATIONS
In order to determine the minimum drilling cost per foot and associated drilling variables, the

previous three differential equations have been integrated and solved for the final drilled footage
(F¢) and rotating time (T; ). However, bit life is limited by either bearing failure or tooth wear and
the following procedure is considered to determine whichever take place first:
A- Bearing-Wear Limits Bit Life:

Assume the bit life is limited by bearing failure {i.e., B; =1.0 and H; £1.0}, and the total drilled
footage is calculated by the integrated form of Eq. (21) as follows:

dF _ D,N"(W/d)" OfEXP[a, X, +a,X,]

dT 04045 5+ N "(w/d)" DP°™

_Db, N"(W/d)" OfEXP[a, X, +a,X,] -
0.424s ** +/N"(W/d)" DP°™

dF (24)

From Eq. (22):

am
dT:Af,—dH
|

After substituting in Eq.(24), we get:
_ D,N"(w/d)"ofEXPa, X, +a,X,|A madH

0.424s *° +,/N"(W/d)" DP°"i

dF
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Table (2): Regression Results, Modified Bourgoyne& Young Model
Depth Bit Bit Bit az ag Data | Correlation
No. Interval (IADC) Type Size Df Regression | S.Dev | Regression Points | Coefficient
Code (inch) Value | . value | 5P (R)
1 | Dibdibat+L owerFaris+Ghar 1-1-1 | RL,TS2,0SC-3A | 17.5 | 0.18058 0.51 0.18 0.63 0.16 34 0.927
2 | Dammam +Rus 1-1-4 | X3A,SDS, ES2 12.25 | 0.12133 0.53 0.21 0.68 0.15 13 0.943
3 | Dammam +Rus 1-2-4 | X3, SDT 12.25 | 0.10584 0.38 0.19 0.71 0.16 17 0.911
4 | Shiranish+Hartha 2-1-5 | SDV, M4ANG 12.25 | 0.05906 0.58 0.16 0.62 0.11 8 0.785
5 | Shiranish+Hartha 5-3-7 | J33, S86F, F3 12.25 | 0.08462 0.55 0.18 0.58 0.23 8 0.798
6 | Harthat+Saadi 2-1-4 | XVM44N, EM2 8.5 0.16359 0.51 0.18 0.59 0.16 8 0.915
7 | Saadi 1-36 | M, 4 8.5 | 0.07993 0.53 0.15 0.61 0.16 18 0.852
8 | Um AlRadoma+Tayarat 5-3-7 | J33, S86F, F3 12.25 | 0.08862 0.47 0.33 0.56 0.34 11 0.709
9 | Tan.+Ksh.+Msh.+Ru.+Ah. 5-3-7 | J33, S86F, F3 8.5 | 0.08423 0.49 0.38 0.58 0.50 19 0.871
10 | Moudod + Nhr-Omar 5-3-7 | J33, S86F, F3 8.5 | 0.07888 0.51 0.30 0.58 0.27 19 0.809
11 | Zubair 6-3-7 | J55, FP63 85 | 0.01128 0.45 0.23 0.67 0.11 10 0.788
12 | Zubair 5-3-7 | J33, S86F, F3 8.5 | 0.01708 0.55 0.18 0.62 0.15 17 0.756
13 | Zubair 5-1-7 | J22, SBAF 8.5 | 0.01763 0.52 0.14 0.61 0.29 8 0.879
14 | Shiaba+ Zubair 6-1-7 | J44, M84F, F4 8.5 | 0.02059 0.55 0.55 0.48 0.36 9 0.786
15 | Zubair 6-1-7 | J44, M8B4F, F4 8.5 0.01463 0.50 0.19 0.61 0.26 24 0.852
16 | Shiaba+ Zubair 5-3-7 | J33, S86F, F3 8.5 | 0.03096 0.47 0.58 0.65 0.17 14 0.929
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Fig.(4):Calculated Vs. Measured ROP of Soft formations,
Modified Bourgoyne & Young model
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Fig.(5): Calculated Vs. Measured ROP of Medium formations,
Modified Bourgoyne & Young model
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Fig.(6): Calculated Vs. Measured ROP of Hard formations,
Modified Bourgoyne & Young model

Fi D. A N"(W/d)" mOfEXP|a. X. | "
o = (w/a) 25X CREXP- a, H]cH

o 1894245 ** + N "(w/d)" DP°'753 0

- D, A, N"(W/d)" mofExP[a, X ]
3 19.4245 ** +/N" (W/d)" DP*" 8
Fy

Hy
OpF =3, f0.928125H 2 + 6H +1L.OJEXP[- a,H]dH
0 0

Let:

Hf
Fr=Js d0-928125H 2" +6He ¥ +e " )jH
0

Hy

Let: L, =0.928125 oH 2e ¥ dH which can be integrated by parts as follows:
0
For U=H? du=2HdH and dav =e *"dH \v=leen
a'7
é.1 L2 Hi ’ u
L, =0.9281256 —H?e ™" +— AHe ™" dHU
637 a; o g
. . -a -1 a
Another integration for U=H ,dU=dH and dV =e *"dH \ V=g
a'7
é 221 1 o'
- ®
L, = 09281258 TH2eH . L& Lpzgan +— ¥
éa7 a8 &, 2@0

Thus;
: ou
€1.856 _an, ?.928125 H ? + 1.8256 H, + 1.83563;I
a, a; a A
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Hy
Let: L, =6 OHe *"dH
0
Integration (L, ) by partsyields:
~a H, 26 60
Lzzg-e e Hf+—2:
a; a, g
Hy
Let: .= (" aH
0
\ L, R
a'7 a'7

\ F = J3[L1 +L, + Ls]

Thus, the general expression of the final drilled footage is given by:
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Table(3): Moddl Verification Results

Field Depth Bit | 1ADC. Bit WOB N Oil AP ROP,, ROP,
No | &well Interval No. | Code type 1000 rpm Content 1000 X7 Xg (ft/hr) (ft/hr)

No. Lb % psi
3 7128 Dibdibat+L ower.Faris+Ghar 1 1-1-1 R1 33.069 | 100 2 0.05 -0.625 | 0.401 30.60 32.31
4 RA88 Dibdiba+L ower.Faris+Ghar 1 1-1-1 R1 22.045 100 3 0.042 -0.375 0.646 31.70 32.99
5 7157 Dammam +Rus 3 1-1-4 X3A | 33.069 80 2 0.119 -0.5 0.271 16.75 16.17
6 RU244 Dammam +Rus 2 1-2-4 X3 44.092 100 2 0.282 -0.375 0.303 22.36 23.64
7 RA88 Dammam +Rus 2 1-2-4 X3 33.069 100 2 0.424 -0.625 0.455 20.50 22.77
8 RU244 | UmAIRadoma+Tayarat 4 5-3-7 S86F | 33.598 70 6 0.138 -0.75 0.588 14.58 11.36
9 7128 Um AlRadoma+Tayarat 5 5-3-7 S86F | 39.685 50 7 0.179 | -0.375 | 0.485 14.06 13.95
10 7157 Um AlRadomat+Tayarat 4 5-3-7 S86F | 33.069 55 5 0.086 -0.5 0.442 14.85 15.04
11 RU244 | Saadi 6 1-3-6 A 39.685 60 5 0.191 -0.25 0.783 14.64 16.64
12 R488 Sa'adi 6 1-3-6 A 39.685 80 8 0.280 -0.5 0.423 7.00 10.01
13 7128 Sa'adi 8 1-3-6 A 39.685 55 6 0.210 -0.625 | 0.569 8.50 11.43
14 Z157 Sa'adi 7 1-3-6 N 33.069 60 7 0.226 -0.5 0.454 10.80 9.94
15 Z157 Tan.+Ksh.+Msh.+Ru.+Ah 8 5-3-7 S86F | 39.685 50 7 0.425 -0.25 0.663 14.20 12.94
16 7128 Tan.+Ksb.+Msh.+Ru.+Ah 9 5-3-7 S86F | 39.685 50 8 0.585 -0.25 0.378 8.21 9.04
17 R488 Moudod + Nhr-Omar 10 5-3-7 J33 | 39.685 55 4 0.399 -0.5 0.534 8.40 9.78
18 RU244 | Moudod + Nhr-Omar 9 5-3-7 S86F | 33.069 50 8 0.096 | -0.625 | 0.597 10.80 8.86
19 7128 Shiaba + Zubair 12 5-3-7 J33 33.069 45 7 0.219 -0.625 0.437 4.90 5.72
20 RU244 | Zubair 11 5-3-7 S86F | 33.069 50 6 0.103 -0.75 0.584 4.30 4.34
21 2128 Zubair 13 5-3-7 J33 | 35.273 45 8 0.230 -0.5 0.592 4.86 4.01
22 7128 Zubair 14 5-3-7 J33 | 33.069 55 7 0.234 -0.25 0.613 5.58 4.79
23 RU244 | Zubatr 10 6-1-7 | M84F | 33.069 50 7 0.100 | -0.375 | 0.583 4.40 4.59
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D, A, N"(w/d)"mOfEXP[a,X,] = a2 +6a, +1.856 0.928125

F = - 3 )- €7 ( HE+
1§9.4245 *° +N"(W/d)* DP°™8 & 3
+1. > +6a, +1.
6a, +1.856 H, o+ a; +6a, 856)] 25

a; a;
Since the values of a; and ag from the regression analysis results are 0.5 and 0.6 respectively, the
final drilled footage that has been considered in this  study is defined by:

D, A, N"(w/d)" mOfEXP[0.6X,]

f 19.4245 ** +N" (W/d)" DPO™ 2

The rotating time is governed by the solution of the integrated form of equation (23) as follows:
aB 1 15
—=—N(W/d
dT b ( / )

4085- & °*" (L856H 2 +19.425H , +40.85)) (26)

r

b

) N(W/rd)l's

In this case, the final bit tooth dullness (Hr) should be less or equal 1.0 and determined by the
integrated form of Eq.(22), asfollows:
dH i

dT  A.am

f

(27)

Hy -
(0.928125H ? +6.0H +1.0)dH = —'— T
0 A;m

iT,

0.309H? +30H? +H, = (28)
A;m
If the value of tooth wear (Hr) that has been calculated at the rotating time (T;) from EQ.(27)

exceeds one [i.e., Hi >1.0], this gives an indication that tooth wear governed hit life and the
following assumption must be considered.

B- Tooth-Wear limits Bit Life:

If the bit life is limited by tooth-wear [i.e. Hf =1.0 and B <1.0], the general form of the final
drilled footageis obtained from Eq.(25) for [H; =1.0], asfollows:

- _ DAN "(W/d)" mOfEXP[a,X,] . a2 +6a, + L856) o, 0928125,
| iBa2s 1+ N"(w/a) Do a a,
6a, +1.856 a’+6a, +1.856
7 _ + 7 73 )] (29)
a'7 a'7
For a; =0.5 and ag =0.6 :
- _3165D, A N"(W/d )" mOfEXP[0.6X,]

i#9.4245 15 + \|N"(W/d )" DP*"> @
/ (%]

(30)
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The rotating time is governed by the solution of the integrated form of Eq.(22) for [H; =1.0]:
4.309A; m
T, =— (31)
[

In this case, the final bit bearing wear (Br) should be less 1.0 and calculated by integrating
Eq.(23), asfollows:
N(Ww/d)"*T,
Bf =
b,
RESULTSOF OPTIMIZATION
The Constrained Rosenbrock optimization technique (Hiller (2001), James (1973)) has been
used together with the modified Bourgoyne & Young drilling model to find optimum values for
weight on bit, rotary speed, flow rate, drilling fluid density, drilling fluid viscosity, oil content, and

nozzle size for each formation type. According to the results of optimization, the following bit types
and corresponding drilling variables are recommended in table (4) for each depth interval.

(32)

CONSTRUCTION OF OPTIMUM BIT RECORD

The results of optimization have been used to design optimum bit record that can be used to
drill the next wells in the area under study. For comparison purpose, it has been used to optimize the
drilling cost for well RU263. It is obvious that the optimum bit record saved about 857 hours in
total drilling time. In addition, the reduction in the total number of bits saved about 57.5 hours in
the trip and connection time. Thus, the optimum solution saved about 294915 $ from the tota
drilling cost which is equal to 394176%. Furthermore, it is also possible to repeat utilization of the
used bits to drill the same intervals in other wells if the total bit life has not been totally used.
Fig.(7) shows the comparison in drilling cost between the optimized well and the non-optimized
well to reach the same depth.

Total Cost (1000°$)
0 50 100 150 200 250 300 350 400

2000
2 \ \ Ngn-Optimized Wel
000 b\ RU263
6000 1 \~\ ‘v/

Oplimized Well \.\
- \‘/ \
10000
(11 N ) A Epp——
=10998 ft

12000

P SE

Fig.(7): Drilling Cost Vs. Depth for Optimized
and Non-Optimized Wells
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CONCLUSIONS

1- Bourgoyne & Young drilling model has been modified successfully using other drilling
models to include the effects of weight on bit, rotary speed, bit type, bit size, flow rate,
drilling fluid density, drilling fluid viscosity, nozzle size, oil content, formation drillability,
formation abrasiveness, formation compressive strength, formation hardness, bit bearing
constant, differential pressure between mud column pressure and formation pressure, and bit
dullness on drilling rate. This modified model gave reasonable results in simulating the drilling
process for the fields under study.

2- Modified Bourgoyne and Y oung drilling model can be used to predict bit performance for a
certain formation to be drilled. Accordingly, it provides a method for recognizing any anomaly in
the field bit performance when it deviates from predictions.

3- It has been noted that different bit types of the same IADC Code have the same bit
performance and drillability through a certain formation.

NOMENCLATURE

a; :Drilling constant for drilling variable, j (to be determined)

A, :Formation abrasiveness factor

b :Bit weight exponent in bearing- wear rate equation

B :Bearing wear, 1/8 of bearing life

b, :Bit bearing constant

CB:Bit co,$

C, :Formation drillability factor

CPF : Cost per foot, $/ft

CR:Rig cost, $/ft

d : Bit size, inch

D : Depth, ft

D, :Formation drillability factor

d, :Bit nozzle size, inch

N :Rotary speed, rpm

Of : Oil content Function

DP :Differential pressure between drilling mud and pore pressure at the bit, psi
g:Flow rate, gal/min

(W/d),,, : Bit weight per inch of bit size at which bit teeth would fail, 1000 Ib/in
(W/d), : Threshold bit weight per inch of bit size at which bit begins to dill, 1000 Ib/in
r :Drilling fluid density, Ib/gal

w : Weight on bit exponent dependent upon formation compressive strength

s : Compressive strength, 1000 psi
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Table (4): Recommended Bit Types and Drilling Variables

No. Depth Bit Bit WOB N p Ql p dn Oil | Footage | Time Rop
' Interval IADC Size 1000 rom | Ib/gal | gal/min | cp 1/32 % ft hrs. ft/hr
Code In. Ib in.

1 | DibdibatLower.Faris+Ghar 1-1-1 175 | 40851 | 113 | 872 | 682 | 155 fﬁg 67 | 6267 | 7356 | 85.2
2 | Dammam +Rus 114 | 1225 | 20352 | 96 | 873 | 588 | 152 VNVS;}?i 62 | 3026 | 4720 | 641
3 | Um AlRadoma+ Tayarat 537 | 1225 | 44838 | 87 | 900 | 575 |143| Lo | 99 | 4847 | 8288 | 585
4 | Shiranish+Hartha 537 | 1225 | 40683 | 99 | 900 | 565 | 146 iiié 99 | 3352 | 10236 | 328
5 | Saad 1-3-6 85 | 41.077 | 98 | 900 | 565 | 146 iig 98 | 1736 | 4693 | 370
6 | Tan+Ksb+Msh+Ru+Ah. 537 85 | 4483 | 8 | 910 | 528 | 147 12:190 99 | 6153 | 9565 | 643
7 | Moudod + Nhr-Omar 537 85 | 44605 | 8 | 920 | 565 | 148 12:190 99 | 2732 | 5985 | 456
8 | Shiaba+ Top of Zubair 537 85 | 47810 | 64 | 99 | 568 | 133 12:190 132 | 2478 | €566 | 37.7
9 | Zubair 5-3-7 85 |47991| 64 | 99 | 573 |132| 3x9 |134| 2110 | 6573 | 321
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LAMINAR NATURAL CONVECTION HEAT TRANSFER
BETWEEN DUCTED PARALLEL PLATES

Dr. Yasin K. Salman Eng. Hazim S.Hamad
Nuclear Department M echanical Department
ABSTRACT

Laminar natural convection heat transfer to air flow in a ducted two parallel plates
subjected to same constant heat flux has been studied experimentally. In this study a test rig
has been designed and constructed to allow studying the effect of plate spacing and plates
angle of inclination on the heat transfer process. The study coversthree plate spacing 15 mm,
35mm and 60 mm that makes plate aspect ratio (AR) 24, 10.285 and 6, The heat flux
implemented in all test runs varies between 55 W/m? — 340 W/m? that makes the modified
Rayleigh number (Ra) varies from 10° -10®8 . Experimental results presented as plate
temperature distribution, variation of local heat transfer coefficient and the relation between
Nu and Ra, reveal for the range of parameters mentioned above, an improvement in heat
transfer process as the AR values change from 6 to 24 and the improvement rates is higher
for the lower heat flux test (lower Ra). A correlation of the results were made in the form of
Nuvr (Gr/AR) in which the effect of duct aspect ratio (AR) hasbeen introduced.
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INTRODUCTION

The heat transfer characteristics of laminar natural convection flow of air between vertical
parallel plates receiving renewed interest in the heat research community. This comes primarily in
response to the problem of thermal control of microelectronic equipment. Passive (natural
convective) cooling of communication and other microelectronic equipment continues to play a
prominent role in thermal management of such systems because of its characteristicaly low
operating noise level, low cost, ease of maintenance, and simplicity. How ever basic understanding
of the fundamental mechanisms for natural convective heat transfer is lacking. (Incropera,1986)
reported an experimental study focusing on local heat transfer phenomena in an asymmetrically
heated, vertical parallel plate channel with laminar air flow in the high Rayleigh number regime.

Natural convective heat transfer along vertical plates has been studied previoudly by several
investigators. The pioneering experimental work of (Elenbaas 1942) laid the foundation for study
of natural convection in isothermal parallel plate channels. A subsequent analytical study by Bodoia

2786




Y. K. Salman Laminar Natural Convection Heat Transfer
H.SHamad Between Ducted Paralld Plates

and (Osterle 1962) served to confirm Elenbaas’ experiments. More recently, (Sparrow and
Bahrami 1980) studied experimentally the analogous isothermal plate boundary using the
naphthalene sublimation technique, examining the effect of open edges at the plate lateral
extremities.Investigations of heat transfer in vertical. Plates with the uniform heat flux thermal
boundary condition are fewer in number. ( Sparrow and Gregg 1956) developed a similarity
solution for natural convection along an isolated vertical, uniform hesat flux surface. The governing
equations have been solved for paralel plate geometry in developing flow region (Aung et al.,
1972) and the fully developed limit (Aung, 1972) for both symmetrically and asymmetrically
heated isothermal and isoflux plates. Limits bounding three possible flow regimes (fully developed,
developing and single plate) were proposed as a function solely of the modified Grashof number,
defined by

_ gBgb* b

Gr 7T (1)

Note that the modified Grashof number as defined for use in the study of heat transfer in vertical
paralel plate channels includes the channel aspect ratio b/H. (Raithby and Holland 1975)
developed a smplified analysis for the prediction of the local heat transfer coefficient in a vertical
parallel plate channel with arbitrary wall temperature distribution. Their results compared favorable
with the experiments and analytical work of previous investigators. (Miyatake et al. 1973)
performed both analysis and experiments for natural convection between vertical parallel plates
with the some thermal boundary conditions as this study. Experiments were performed with water
as the working fluid, and results were compared to the theoretical predictions with good agreement.

Experimental data on natural convection flow of air between vertical parallel plates with
uniform heat flux are nearly nonexistent. (Wirtz and Stutzman 1982) reported measurements of
local heat transfer in a symmetrically heated channel. correlations were developed for the local heat
transfer along the channel and the maximum wall temperature as a function of relevant problem
parameters. Their experiments spanned the range of modified Rayleigh number from 17.7 to 2414.
More recently, an investigation of the optimum spacing of vertical parallel plates with a variety of
thermal boundary conditions was undertaken by (Bar-Cohen and Roshsenow 1984). Their paper
reviews thoroughly the available data and describes the recommended correlations.

The present paper reports laboratory experiments designed to determine local heat transfer
characteristics for natural convective flow in a vertical paralel plate channel, each wall heated with
uniform heat flux. In many practical applications the imposed heat flux at the boundary and
characteristic of the system dictate moderate to high Rayleigh number natural convection, while
still in the laminar regime. Additionaly, the symmetric heating boundary condition studied is a
limiting case prototypical of the arrays of heat-dissipating devices used in the electronic industry.
The experiments reported here were designed to characterize the local and average heat transfer of
such system. To this end the heating rates and channel wall spacing were selected such that the
Rayleigh numbers were in the range 503 < Ra’ < 1.75 x 10’

EXPERIMENTAL APPARATUS

The experimental apparatus was designed and conducted to cover all the ranges of the
parameters which affect natural convection hesat transfer process from a ducted two parallel plates.
The parameters include the plate heat flux, the parallel plates orientation and plate height to the
plates spacing ratio. A schematic diagram and photograph of the experimental setup of the
apparatus are shown in Fig.1 and plate (1) respectively. The apparatus consists essentially of an
open air circuit mounted on awood board (D) which can be rotated around a horizontal spindle (S).
The inclination angle of the open air circuit to the horizontal can then be adjusted as required with
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help a protractor fixed on the wooden board side. The open air circuit consists of light wooden
shield (A) with a dimension of (500*500*500 mm). The shield opened (200*200 mm) at bottom
side to form an inlet opening (B) through which the air move freely without restriction to the ducted
parallel plates via the wooden shield in the same time the wooden shield is used to avoid the effect
of air currents outside the shield to interfere with free convection created by heated parallel plates at
parallel plates entrance. The open air circuit finished with test section (C).

The test section details are shown in Fig.2 which consists of rectangular passage of 360 mm
length, 150 mm width and (b) height (represent the parallel plates spacing)(15, 35 and 60 mm).The
rectangular passage created by two identical heated upper and lower flat plates (A) and (B),
respectively (for the vertical and inclined orientation).

Each plate has a length equal to 360 mm, width of 150 mm and height of 60 mm . The lower
plate (B) of Fig.2 was fixed firmly to the wooded board with four bolts (C) while the upper plate
left to adjust its position related to the lower plate with the help of 4 bolts (R) and the two vertical
sides of the passage (V) which work as a spacer between plates. The vertical shorter sides of the
passage (V) were athree set of two identical glass strips have a length of (400 mm), awidth (b) and
10 mm thick. The glass strips work as a spacer between the two heated parallel plates with the
width (b) takes three values 15 mm, 35 mm and 60 mm that generate a passage length to spacing
ratio (L/b) which represent the aspect ratio (AR) values (24, 10.286 and 6) respectively.

The upper and lower heated plates of the test section were designed and manufactured to be
the duct side heated with a constant heat flux (CHF) so the situations of either upper side heated and
lower side heated only, lower side heated only and both side heated can be a achieved by powering
the duct side required. The details of these plates are shown in plate (1). The heated surface was
constructed from three layers glued together to form a composite heater.

The composite heating element, shown in figure (2) and plate (2) consisted of heating
element as a Nickrom tape 4 mm wide and 0.01 mm thick wounded uniformly flat on a2 mm mica
sheet (H) (see plate (2) the heating element then covered from both sides by 2mm mica sheet (K)
and (J). The heating element with covers fixed on 0.5 mm thick stainless steel plate (N). All
thermocouples penetrate through the mica layers and mounted to the stainless steel plate.
Thermocouples locations are depicted in plate (9). The heated plate with thermocouples which has
been shown in plate (3), was attached permanently on 6mm thick, 150 mm wide and 360 mm long
Teflon plate (L) then on a layer of 25 mm thick ceramic fiber (M) and finally all previous layers
wholly fixed firmly in 20 mm thick a wooden cover (P). The wooden cover has been cut from piece
of wood of a thickness equal to 40 mm and it was shaped nicely in frontal part to create with other
plate a bell mouth at the test section entrance and to form with the two glass strips a smooth
entrance to the air passage.

The heat loss through the heated plate lagging been accounted by inserting a thermocouple
in the ceramic fiber layer. Then knowing the temperature gradient in the lagging and its thermal
conductivity therefore the heat loss by conduction can be evaluated, the losses were found to vary
between 2% to 3% of the total plate input power.

The inlet air temperature was measured by a thermocouple (W) located at the wooden box
while the air exit temperature was measured by three thermocouple (V) located at the passage exit
after extended the passage by 100 mm by a wooden duct (U) and The average of these three
thermocouples represents the air exit bulk temperature. The local air temperature variation along the
passage was calculated by fitting straight line interpolation between the measured inlet and outlet
bulk air temperature.
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DATA ANALYSIS

Power calculations
The total input power supplied can calculate:

Q= V.l

The convection and radiation heat transferred from each plate surfaces:
Qe+ = Qt— Qeond

Where:

Qcond = is the conduction heat losses (in the composite insulation).

Qc+ = convection and radiation heat losses,

Where:

| = AC — current measured by clamp-meter.
V = AC- voltage measured by digital Avo - meter.
Qcond = kK AC AT/AX
AT: Temperature different inside the insulation.
AX =the length of insulation.
Ac = cross sectional area (b * L)

Where:
b = the space between two plate
L = length of the plate.

The convective and radiation heat flux can be represented by:

oo = B S

Where:
As=W*L
W =width of the plate.
and the radiation heat flux can be represented by:

g =Fs(T."- ﬁmz)
Where:
s : Stephen — Boltzman constant =5.669* 10'8% s

F: shape factor :(i+i- D

)
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d,,d, : surface emmisivity value (for inner face of the two plates).

T, : Loca surface temperature.
T,, : Average wall temperature.

The convection heat flux can be represented by:

Uc= Qe+r— Or (7)

The convection heat flux, which is used to calculate the local and average heat transfer coefficient

as follows:
h=0d (Ts— Tox) (8)

Where Tp,: Local bulk air temperature.

All the properties were evaluated at the mean film temperature.

fo = (TS( +Tbx) ( 9)
2
Where:
Twx = Local bulk air temperature.
Tix = Local mean film temperature.
The local Nusselt number based on hydraulic diameter (Nu,) can be determine as:
Nu, =h b/K, (10)

The local Nusselt number based on length in the direction of flow (Nuy) can be calculated as:

Nu, =h .X/K, (12)
The average value of Nusselt number (N—ux) can be calculated based on the calculated average heat
transfer coefficient as the following:

x=L
h="1"gh,.dx (12)
L =0

Also, we can calculated the average Nusselt number based on the calculated average surface
temperature and average bulk air temperature as follows:

. 1 x=L
T, == Jo.Ox (13)
L x=0
T_b — Tbl +Tb2 (14)
2
Telel (15)

The average value of parameter can be calculated as the follows:

Nu=— &P (16)
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(B) inlet opening /

(C) test section
(D) wood board
(S) spindle

(W) thermocouple at =

inlet @ﬁﬁj—ﬁl (M)

(V) thermocouple at :

Exit | | (D)
(M) protractor

(U) Wooden duct at

exit (©)

(%)

(A)

®) ®)

Fig.1 Schematic Diagram of the Test Rig
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Fig.2 Parallel Plate and Composite Heater Details
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RESULTSAND DISCUSSION
Surface Temperature

The variation of surface temperature along both upper and lower plates are shown in Figs.3
and 4 the variation of surface temperature for different plate heat flux and for three aspect ratios
(AR) (24, 10.285 & 6) is presented in Figs. 3(a), Fig.3(b) and Fig.3(c) respectively. In general
variation are smooth with little scatter. As expected, the wall temperatures are higher for higher
heating rates, the convective driving potential must increase in order to dissipate the ohmic
generation. Local temperature are relatively low near the channel entrance where the thermal
boundary layer is thin. Then wall temperature climb quickly as the boundary layer thickness
increases. There was no indication of transition to turbulent flow in any of the experiments. One
also notice a slight decrease in the wall temperature near X/L=1 this reduction can be attribute to
end losses. The variation of surface temperature for different duct aspect ratio and for four surface
heat flux (55.6 W/m? 114.24, 220 and 340 W/m? are shown in Figs.4(a), Fig.4(b), Fig.4(c) and
Fig.4(d) respectively. The figure reveals the high aspect ratio exhibits a reeducation in surface
temperature at low heat flux in comparison with lower aspect ratio and can be attribute to a low
natural flow created and expected to be afully developed earlier.

Local Heat Transfer Coefficient

Variation of the local heat transfer coefficient variation along the plate for different heat flux
and for three plates spacing ratio (24,10.285 and 6) are shown in Fig 5 (a), Fig 5(b), Fig 5(c). As
expected the heat transfer coefficient are higher for higher heat flux as the convective driving
potential must increase in order to dissipate the ohmic generation via. Increasing local heat transfer
coefficient. Local heat transfer coefficient is higher near the channel entrance since the boundary
layer thickness is very small and temperature difference between surface and bulk air temperatureis
very small. As boundary layer thickness increase temperature difference increases that makes (hy)
decreases downstream. The variation of local heat transfer coefficient along the plate for different
aspect ratio and for four plates heat flux (55.6 W/m? 114.24, 220 and 340 W/m? are shown in
Fig.6(a), Fig.6(b), Fig.6(c) and Fig.6(d) respectively. Figure depicted that the local heat transfer
coefficient increases especially at low heat flux.
The following simplified steps were used to analyze the heat transfer process for the air flow in the
channel was subjected to uniform wall heat flux boundary condition.
Correlation of Nusselt Number as a Function of Grashof Number

The correlation eguation for the average Nusselt number in terms of the channel Rayleigh
Number Ra b/L are proposed.

Nu = 0.277(Ra/ AR)** (17)
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Fig. 7 shows the correlation between average Nusselt number and modify Rayleigh
number in which the effect of duct aspect ratio was accounted. The above equation
correlation for whole duct (X/L)=1.

Plate (3) showswood frame & bell
mouth

Plate (4) shows selector switch

2794



Y. K. Salman Laminar Natural Convection Heat Transfer
H. S.Hamad Between Ducted Parallel Plates

Plate (5) shows variac (voltage regulator)

i ceeprr
SYC-1500VA

ATt e scapTuaTCeoLTacEREsILATaR

Plate (6) shows stabilizer ~ Plate(7) shows
digital thermometer reader

[ ! Themmocouple nositon ondhagl

| ‘\"1'.#5'.* dha

Plate (8) shows digital clap meter Plate (9) shows thermocouple location
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Fig.3 Variation of the heated wall temperature with height for different heat flux at three
aspect ratio: (a) AR =24 (b) AR =10.285(c) AR=6
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Fig.4 Variation of plate surface temperature with height for different aspect ratio and for
four heat flux: (a) q=55.6 W/m? (b) q=114.24 W/m? (c) q=220 W/m? (d) q=340 W/m?
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Fig.5 Variation of thelocal heat transfer coefficients along height
for different heat flux at for three aspect ratio:
() Ar =24 (b) Ar =10.285(c) Ar =6
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Fig.6 Variation of thelocal heat transfer coefficients along plate height for different for four
heat flux: (a) g =55.6 W/m2 (b) q = 114.24 W/m2 (c) q = 220 W/m2(d) q = 340 W/m2
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Fig.7 Variation of the average Nusselt number near the top of the heated
surface as a function of modified Grashof number
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CONCLUSIONS
From experimental result and for the heat flux range 50W/m? £ q £ 350W/m? the
following concluding points can be deduced.

1. The variation of the surface temperature a long the test section is affected by many factors
summarized in the following points:
a. The surface temperature increases as the heat flux increases for the same aspect ratio and
same angle of inclination.
b. The surface temperature increases as the Aspect ratio (AR=L/b) decreases for same heat

flux.

The variation of (hy) a long test section for all cases is affected many Factors
summarized asthefollows:-
a. Thelocal heat transfer coefficient (hy) increases as the heat flux increases for the same aspect
ratio and same angle of inclination.
b. The local heat transfer coefficient increases as the aspect ratio increases for the same heat
flux.

The average Nusselt number was affected by the factors as follows.
The average Nusselt number was increases as the aspect ratio increases at the same heat flux until
the optimum spacing (maximum Nusselt number) after the optimum The average Nusselt number
decreases.
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NOMENCLATURE
AR = L/b Nuy = Nussdt number at the topg = gpatial average of heat flux
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number, equation (1)
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coefficient

coefficient
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m =correlation exponent,
Nuy =local Nusselt number
= hyx/k

h =average heat transfer Qg
L
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corrected for radiation and
conduction losses

= average Nusselt number, Ra = Raleigh number = GrPr
=fluid prandtl number =v/o. Ra = Raylegh number=(b/ Ra) =

= heat flux

Ra/AR

To = channd inlet ar
temperature

= conduction loss through the Tsx = local heated  surface

insulating substrate temperature
= local convective heat flux = T,x = local insulated wall
Cobm — Orad = Yeond temper ature

=Ohmic dissipation in the T, =estimate of the average

hested foil

=radiation
heated foil

bulk temperature in the
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loss from theX = coordinate direction aong
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PROPORTIONAL NAVIGATION GUIDANCE LAW AND
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ABSTRACT
Generally, the homing systems are magorly constructing from three components. the
guidance law, the target tracking system, and the missile flight control system. Therefore, in this
paper, we construct our homing system from the following components: the proportional navigation
guidance law which is considered as the guidance scheme for most homing missile systems, the
electro-optical tracking system, and a tal controlled missile. And subsequently complete
mathematical derivations and the demand transfer function formulations of all these three
components have been introduced. The proposed homing system is capable to pursuit and hit any
target just by specifying the required missile flight time. A SIMULINK software program has been
built mainly from four subsystems to simulate the operation of this homing system, and the
simulation results show clearly the efficient performance of the proposed homing system under any
probable disturbance.
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Keywords. Proportional Navigation Guidance Law, Linearization, Flight Control system,
Target Tracking System, and Linearized Proportional Navigation Guidance Block
Diagram

INTRODUCTION

Generally, homing systems are consist of three components. the guidance law, the target
tracking system, and the missile flight control, the control system may be surface or thrust vector
control in the plane of the velocity vector i.e. the homing system is responsible for a pitch-
controlling and not responsible for roll-controlling.

Many guidance laws have been developed for decades. Although their mathematical forms
may have differed, the basic concepts of the developed guidance laws could be classified into three
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categories. The first category includes the guidance laws based on the line-of-sight (LOS) vector
and their objective is to maintain the missile position on the LOS vector throughout engagement
(Lin, 1991; Lin and Mon, 2001). The pursuit guidance law eliminates the difference between the
missile velocity vector direction and the LOS vector direction, and the command to LOS (CLOS)
guidance law tries to place the missile on the LOS vector. Therefore, the classical pursuit guidance
law and the CLOS guidance law can be classified into this category.

The second category includes the guidance laws that are based on the constant bearing
course guidance method (Ha, Hur, Ko, and song; Rajasekhar, and Sreenatha, 2000; Moon,
Kim, and Kim, 2001). The laws in this category try to make the heading angle error zero. The
missile velocity vector direction is on the collision triangle when the heading angle is zero. The
well known proportional navigation (PN) guidance law and its variations such as the augmented
proportional navigation (APN) guidance law (Babu, Sarma et al Swamy, 1994), the modified
proportional navigation (MPN) guidance law (Song and Ha, 1994) belong to this second category.

The last category includes the guidance laws that guide the missile into the predicted
engagement course (Alamir, 2001; Cho, Ryoo et al Tahk, 1999; Gurfil, 2001; Ben Asher and
Ben Yaesh, 1997). The performance of the guidance laws in this category is gresatly affected by the
time to go estimation and the update rules of engagement. The guidance laws in this category are
usually implemented by applying the optimal control method the predictive control method. In the
predictive control method, the engagement point is estimated using information on current and past
data, whereas in the optimal control method, the engagement condition is imposed as the hard
constraint or included into the performance index.

The general formulation of a nonlinear three-dimensional PNG interception problem is
complicated. However by assuming that the lateral and longitudinal maneuver planes are decoupled
by means of roll-control, one can deal with the equivalent two-dimensional problem in quite a
realistic manner (Shinar & Steinberg, 1977). Furthermore, a linearized model of the two-
dimensional PNG about the collison course can be developed. This model has been widely used
(Zarchan, 1990), and it has been shown to faithfully approximate the full nonlinear guidance
dynamics (Shinar & Steinberg, 1977).

A block diagram describing the linear model based on PN guidance law is given in Fig.(1)
(Zarchan, 1990 and Asher & Yaesh 1998). In this paper, a complete derivation and modification
of this model have been adopted. Where, we will add to this model an electro-optical tracking
system and atail control system as seen later in this paper.

Targe‘t 11]."[‘35:}'(-?’:')
Maneuver
Vr=a NI N I 1|4 A . Aw| oo | G
— A" T — VT » 5  Gi(s) » N T,
- - -il- -
Missile . . B ) . )
Acceleration Kinematic ~ Kinematic Kinematics Seeker Dynamics| PN Gain
Integrator Integrator

Yy=ay .
Target Tracking Loop

A

Gi(s)

Flight Control
System

Fig.(1) Linearized Proportional Navigation Guidance Block Diagram
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PROPORTIONAL NAVIGATION

Theoretically, the proportiona navigation guidance (PNG) law issues acceleration
commands, perpendicular to the instantaneous missile-target LOS, which are proportiona to the
LOS rate and closing velocity.

Mathematically, the guidance law can be stated as (Zarchan, 1990 and Asher & Yaesh
1998)

a. = No/, I&m 1

In tactical radar homing missiles using PNG the seeker provides an effective measurement
of the LOS rate, and a Doppler radar provides closing velocity information. In tactical IR missile
applications of PNG, the LOS rate is measured, whereas the closing velocity required by the
guidance law is guesstimated.

In tactical missiles within the Earth atmosphere, PNG commands are usually implemented
by moving fins or other control surfaces to obtain the required lift. Outside the Earth atmosphere
strategic interceptors use thrust vector control, lateral divert engines, or squibs to achieve the
desired acceleration levels (Zarchan, 1990 and Asher & Yaesh 1998).

PROPORTIONAL NAVIGATION IN TWO DIMENSIONS

In this paper, an inertial coordinate system fixed to the surface of a flat-Earth model (i.e., the
axis 1 is downrange and the axis 2 can either be altitude or crossrange) has been adopted. Using the
inertial coordinate system of Fig.(2) means that we can integrate components of the acceleration
and velocities along 1 and 2 directions without having to worry about additional terms due to
Coriolis effect. In this model it is assumed that both the missile and target travel at constant
velocity. In addition, gravitational and drag effects have been neglected for simplicity (Zarchan,
1990 and Ben Asher & Ben Yaesh 1998).

A

2

Missile cg

v

Fig.(2) Missile-Target Engagement Geometry
It can be seen from Fig.(2) that the missile, with velocity magnitude V), is heading at an

angle of e + HE with respect to the LOS. The angle e is known as the missile lead angle. The lead
angle is theoretically correct angle for the missile to be on a collison triangle, no further

2808




W .Kh. Al-Ashtari A Full MissileHoming System Design Based on
Proportional Navigation Guidance L aw and
Electro-Optical Tracking System

acceleration commands are required for the missile to hit the target. The angle HE is known as the
heading error. This angle represents the initial deviation of the missile from the collision triangle.

In Fig.(2) the imaginary line connecting the missile and the target is known as the LOS. The
LOS makes angle | with respect to the fixed reference, and the length of the LOS (instantaneous
separation between missile and target) is a range denoted Ry, . From a guidance point of view, it

desired to make the range between missile and target at the expected intercept time as small as
possible (hopefully zero). The point of closest approach of the missile and target is known as the
miss distance.

The closing velocity V, is defined as the negative rate of change of the distance from the

missile to the target, or

Ve =+ I&TM (2)
Therefore, at the end of the engagement, when the missile and target are in closest proximity the
sign of V. will change. In other words, it can be concluded that the closing velocity will be zero
when Ry, is a minimum (i.e. the function is either minimum or maximum when its derivative is
zero). The desired acceleration command a, , which is derived from the PNG law, is perpendicular

to the instantaneous LOS.
In our engagement model of Fig.(2) the target can maneuver evasively with acceleration
magnitude a; . Since target acceleration a; in the preceding model is perpendicular to the target

velocity vector, the angular velocity of the target can be expressed as (Zarchan, 1990)

=231 3
VA ©)
Where V; is the magnitude of the target velocity. The components of the target velocity vector in
the Earth or inertial coordinate system can be found by integrating Eq.(3), and substituting in

V11 =-V5 cosb (4a)
V7o =Vrsinb (4b)
Target position components in the Earth fixed coordinate system can be found by directly
integrating the target velocity components. Therefore, the differential equations for the components
of the target position are given by

Rry =V (5a)
I&TZ =V13 (50)

Similarly, the missile velocity and position differential equations are given by

Vi1 = awy (6a)
Vi =au (6b)
Ry1 = Vi (6¢)
Ry 2 =V (6d)

Where ay,; anda,,, are the missile acceleration components in the Earth coordinate system. In
order to find the missile acceleration components, the components of the relative missile-target
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separation must be found. This is accomplished by first finding the components of the relative
missile-target separation by

Rrv1 = Rr1- Rus (79)
Rrv2 = Rr2- Rz (7b)

It can be seen from Fig.(2) that the LOS angle can be found, using trigonometry, in terms of
the relative separation components as

R
1™ M2 (8)
Rrv1

| =tan’

if the relative velocity components in Earth coordinates are

Vim1 =Vr1- Vs (99)
Vimz =Vr2 - Ve (9b)

the LOS rate can be calculated by direct differentiation of Eq.(8) as

¢ )

) . 8 u )

Egtan'laERTMZ %_g 1 EQ&RTMZQ

S gl 2 g -

dt & gRTMlZ(] 21+3FRTM29 qadt&Rmv1 o
e

Rv1 g H

and by using the quotient rule (Finny and Thomas 1990) will have

d _ 1 gRTM 1Vrm2 - Rm 2VTM13

2 X 2 v

dt 1+aERTM29 e Rrv1 U
gRTMl 2

more simplifying will give

R 11 Vrng o - Reng o Vg1 U
|&:é TM1 VTM 2 "TM 2 TMl[] (10)

A

é Réu o}

The relative separation between missile and target Ry, , can be expressed in terms of its
inertial components by application of the distance formula as

N 2
Rrm =+ Rimx + Ry (11)

Since the closing velocity is defined as the negative rate of change of the missile target
separation. It can be obtained by differentiating Eq.(11), yielding
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V, =- Ry =- (Rrv1Vims * Rom2 V) (12)
Ry

The magnitude of the missile guidance command n. can then be found by substituting
Eq.(11) and Eq.(12) into Eq.(1), after some algebra will have

éR /1 R 2 - V2r o |4V 1 Vi o (R 5 - R34 U
a, = N(Ri:‘ TM 1 TM26/TM1 Tl\/lz)3 ™1 TMZ( T™ 2 TMl)l;I (13)
e Rrv o

Since the acceleration command is perpendicular to the instantaneous LOS, the missile
acceleration components in Earth coordinates can be found by trigonometry using the angular
definitions from Fig.(1). The missile acceleration components are

ay1 =-a.9nl (14a)
ay » = a, cosl (14b)

Now, a set of al the differential equations required to model a complete missile-target
engagement in two dimensions have been listed. However, some additional equations are required
for theinitial conditions on the differential equations in order to complete the engagement model.

A missile employing PNG is not fired at the target but is fired in a direction to lead the
target. The initial angle of the missile velocity vector with respect to the LOS is known as the
missile lead angle e . In essence the missile is firing at the expected intercept point. It can be seen
from Fig.(2) that for the missile to be on a collision triangle (missile will hit target if both continue
to fly along a straight line path at constant velocities), the theoretical missile lead angle can be
found by application of the sine law, yielding

. 184 sn(b +1 )u
e:gnléLiﬂl_)a (15)
e Vv a

In practice, the missile is usually not launched exactly on a collision triangle, since the
expected intercept point can only be approximated because we don’t know in advance what the
target will do in the future. In fact, that is why a guidance system is required. Any initial angular
deviation of the missile from the collision triangle is known as a heading error (HE). The initial
missile velocity components can therefore be expressed in terms of the theoretical lead angle and
actual heading error as

Vy1(0) =Vy, cosle + HE +1 ) (16a)
Vy2(0) =V, sinfe + HE +1 ) (16b)

LINEARIZATION OF PROPORTIONAL NAVIGATION GUIDANCE LAW

The linearization of the missile-target geometry can easily be accomplished if some new
relative quantities have been defined as shown in Fig.(3). Here y is the relative separation between
the missile and the target perpendicular to the fixed reference.

The relative acceleration (difference between missile and target acceleration) can be written
by inspection of Fig.(3) as
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Missile cg

v

Fig.(3) Linearized Missile-Target Geometry 1
8 = ar cosb - a, cosl a7

If the flight-path angles are small (near head-on or tail chase case), the cosine terms
approximately unity, and Eq.(17) becomes (Zarchan, 1990 and Asher & Yaesh 1998).

§=ar - a (18)

Similarly, the expression of the LOS angle can also be linearized using the small angle
approximation, yielding

-y
| = R, (19)
For a head-on case the closing velocity can approximated as
V, =V, +V; (20)
Whereas in atail chase case the closing velocity can be approximated as
Ve =V - Vo (20)

Therefore, in a linearized analysis the closing velocity will be treated as a positive constant. Since
closing velocity has also been previously defined as the negative derivative of the range from the
missile to target, and since the range must go to zero at the end of the flight, it can aso linearize the
range equation with the time varying relationship

Rrv =Ve (tg - 1) =Vt (21)
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_y
| =2 22
v (22)

Where t is the current time and t; is the total flight time of the engagement. Note that t. is also
now a constant. The quantity (tg - t) or t isthe timeto go until the end of flight. Therefore, the

range from the missile to the target is aso the closing velocity multiplied by the time to go until
intercept.

Since range goes to zero at the end of the flight by definition, the definition of miss distance must
be reexamine. The linearized miss distance is taken to be the relative separation between the missile
and target, y at the end of the flight, or

Miss=y(tr) (23)

HOMING SYSTEM SYNTHESIS

In order to design a missile homing system based on PNG law, transfer functions of flight
control system, G,(s) =ay, (s)/a.(s), and the tracking loop, G, = I&m/ 1%, are required. These
transfer functions can be found in two steps. First, the nonlinear terms are left out. Second, the
resulting high order linear models are reduced using state truncation method such as balanced
realization. It is important to stress that this procedure is used for the guidance design only, not for
overall performance evaluation of the missile, where the complete, detailed nonlinear stochastic
models are used.

The flight control system used in this paper was adopted from (Nesline and Nedline 1984)
and is depicted in Fig.(4). This pitch-plane three-loop control system comprises a rate loop, a
synthetic stability loop and an accelerometer feedback loop.

a ; - | 9o g, d [a a T a,
#wé_@—r K, —p@l_@—p KT —w%—p K C»  Actuator > ?’ —‘E»{/_—”h
h y ry ' ]

: - Rate Loop Acceleration
[ E“ﬁ.ﬂlcm [ . ¢ Limit
tabi Tty ~00p " Rate Gyro |e— 5[
Acceleration Loop (adn Accelero- | a, [a; |
meter ) 3

Fig.(4) The Missile Flight Control System

The input to the accelerometer feedback loop is the command acceleration a,, which is generated
by the guidance law. The output is the required acceleration a,, which is limited due to
aerodynamic or structural constraints, to yield the actual acceleration a,, . The autopilot of this loop
isthe gain K, the feedback signal (a,),, is generated by an accelerometer, which is located at the
point X ... The signal a, isthe output of the aerodynamic transfer function a, /d , with d being

the fin deflection angle. d is the output of the body pitch rate control loop, whose input is the
commanded pitch rate q., generated by the synthetic stability loop. The autopilot of the pitch rate

loop is the gain K. This gain generates a commanded fines deflection angle d, which constitutes
an input to the fin actuators. The aerodynamic transfer function ag/d then yields the required
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output acceleration ag. The complete derivation of the flight control system can be obtained from

returning to (Nesline and Nedline 1984).

We start with model reduction of a complex flight control system, described above, which
has 9 zeros and 13 poles Using balance realization state truncation which performed by (Gurfil,
2002) , and the parameter values given in Table (1), we will get the following reduced order
transfer function is obtained:

éae- S 410
403 g

ES 185 19

€233 193 4

Gy(s) =

(24)

Obvioudy, G,(s)is nonminimum phase, due to the fact that the missile is tail controlled. If the

approximation that addressed by (Gurfil, 2002) is used, it is evident that the right half plane zero is
“fast’’. Hence, an additional state truncation yields

1
0.56s +1

G,(s) = (25)

The smplified model Eq.(25) constitutes an adequate approximation to the overall flight control
system dynamics, both in the frequency and time domains. It is subsequently used for homing
system design.

Also in this paper, the electro-optical target tracking system that introduced by (shneydor,
1998) is adopted. The purpose of the target tracking loop of an electro-optical missile is to maintain
the target within field-of-view (FOV) of a stabilized imaging device, such as a CCD camera. The
general layout of a such tracking loop, depicted in Fig(5), was adopted from Shneydor. This
tracking loop is based upon a rate-gyro stabilized platform, where the camera is mounted on
gimbals, whose movement is (ideally) isolated from the motion of the missile. The location of the
target within FOV limits is measured by an electro-optical tracker, which is an implementation of a
correlation algorithm that utilizes the sequence of images generated by the visual motion (the so
called "optical flow").

){ £ £ : l £ ir‘ ] /’1
—I-% | Tracker m - 7:ﬂ - T el K C Seeker m_
Y | : Control Loop
A

Field-of-View Controller
Saturation

™

1
5

Fig.(5) The Electro-Optical Target Tracking Loop

The tracking loop overall transfer function, G, (s), is obtained in a similar manner. Using the
numerical values of Table (1), neglecting the FOV saturation and the pure tracking delay, will have

1

G,(s) = 01s+1

(26)
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RESULTS AND DISCCUSSION

A MATLAB / SIMULINK software program has been constructed to smulate the missile
homing system operation. Fig.(6) shows an outline of this program which contains a four major
subsystems and this program start working from input the missile specifications and the following
initial measurements ( target acceleration, and target velocity)

Missile - Target
Distance
- ¥
at 4’@-’}";-}:{ I:l
LOS——je{LO5 LOSm|—P={LO5m aC P
Targ=t Kinematics
scc=l N Target Tradding FNG Command
oOp acoeleration
am aC [lf
Flight Control
_."I:| Systemn

Missile
acoeleration

Fig.(6) The SIMULINK Software Program Outline

In this paper, many complicated cases have been studied, where in these cases the initia
LOS angle is varied and study the missile response for the following scenarios (without any change
in target situation, target maneuvering with 3g acceleration, missile is launching with 20° initial
heading error).

All the results from Fig.(7) to Fig.(18) show the efficient behavior of the homing system
and the ability of the missile to hit its target and treat any probable disturbance from it. Also, the
results show that the peak acceleration of the missile heading error case is the maximum
acceleration that the missile owns in comparing with the other disturbance (the missile try fast to
adjust its direction) but this acceleration is rapidly decreased to zero at the end of flight time. And is
true that the peak acceleration for target maneuvering case is less than the peak acceleration case,
but it's clearly from the results that the missile acceleration for the target maneuvering case is much
higher than any acceleration at the end of flight time.

Its obvious from results of homing system simulation Fig.(7) to Fig.(18) especialy for
heading error and target maneuvering cases that at the beginning of the missile guidance operation
the relative distance between the target and the missile is increased due to the fact that the homing
system dose not correct the missile direction to be in a collision triangle with the target yet, but with
guidance operation progressing this relative distance is decreased rapidly to be zero at the end of
flight.

CONCULSIONS

In this paper, a full missile homing system is proposed. The proposed homing system
simulation results show a rigid response for any probable disturbance such as launching heading
error or missile maneuvering

The peak acceleration for heading error case is higher than any other disturbance case but
this peak acceleration is rapidly decreased to be zero at the end of the missile flight. The peak
missile acceleration for target maneuvering case is lower than the heading error case but this
acceleration is approximately constant to the end of flight time.
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Table (1) contains parameter values that were used in the illustrative example

Parameter values for the illustrative example

Parameter;, Unmnits  Mean value Standard
disturbance (nominal) deviation
Aerodynamics My 1/s° —250 16.7
M 1/s° 280 18.7
Zy I/s ~1.6 0.107
Zs 1/s 0.23 0.0153
M, 1/s ~1.5
AX m 0.7
F ae m/s 500
Ve m/s 1000
Hy 2
Autopilot K, 5 0.1534
K, degs/m 0.0007804
K rad/s 13.55
Fin actuators - rad/s 200 2
{ corme 0.6 0.01
Koo 1 0.0167
d g deg 0 0.167
Hg deg 0 0.0167
i - deg 20
B s deg/s 230
S max deg/s* 17000
Rate gyvro Oy s rad/s 300 3
! v 0.65 0.0108
Krg 1 0.0267
qB deg/s 0 0.0667
ny deg/s 0 0.0167
Accelerometer Dy rad/s 300 3
! acc 0.65 0.0108
Ky 1 0.0167
(4)p mg 0 1
Hg mg 0 |
Target tracking loop tr ms 25
M mrad 1] 0.05
Emax deg 1.5
Ky 1/s 10
Seeker . rad/s 150 1.5
 coeker 0.7 0.0117
1B deg/s 0 0.0667
ny deg/s 0 0.0167
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NOMENCLATURE

(Sl units are used, unless otherwise stated)

a, Command acceleration

ay The actual acceleration.

a, the required acceleration

ar Thetarget acceleration

g Loca Earth gravitational acceleration
HE The heading error

K, The autopilot gain

Kq The autopilot of the pitch rate loop gain
N ¢ Proportional navigation constant

e commanded pitch rate,

Rrv Target-Missile separation distance

te Final flight time

t Time to go

t The instantaneous flight time

V, Closing velocity between the missile and the target
Vy Missile vehicle velocity

V7 Thetarget velocity

The relative separation between the missile and the target

Flight path angle

The target flight path angle

The fin deflection angle.

Local line of sight angle

y
g
e The missile lead angle
b
d
I
I

Actual missile local line of sight angle
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NUMERICAL STUDY OF NATURAL CONVECTIONIN A CAVITY
WITH WAVY VERTICAL WALLS

Dr. SATTAR J.HABEEB
Lecturer
Mechanical Engineering Dept. / Technology University

ABSTRACT

This paper describes a numerical study of natural convection heat transfer and fluid flow
characteristics inside a cavity with wavy vertical walls. The bottom wall is heated by spatialy varying
temperature and other three walls are kept at cooled temperature. Governing equation was discretized
using the finite volume-method with staggered variables arrangement in curvilinear coordinates. Two
geometrical configurations were used in this study for symmetrical and unsymmetrical wavy vertical
walls (total of 132 cases) for range of Ra=10° to 10° and fixed Prandtl number (0.71). The effects of the
wave geometry, wave amplitude, number of undulation, and Rayliegh number on flow behavior,
therma field, local Nusselt number and Nusselt number ratio (NNR) factor have been studied.
Streamline, velocity vector, and isothermal contour are used to present the corresponding flow and
thermal field inside the cavity. The Results show that the enhanced of heat transfer rate seems to
depend on geometrical configuration.

KEYWORDS
Natural convection, Numerical, Curvilinear coordinate, Wavy wall
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INTRODUCTION

Heat transfer and flow behavior inside wavy-walled cavity has not been investigated widely
due to geometric complexity. Numerous references deal of cavities with flat walls due to its huge
applications in engineering and geophysica systems like solar-collectors, double-wall insulation,
electric machinery, cooling system of electronic devices, natura circulation in the atmosphere etc.
These are always complex interactions between the finite fluid content inside the cavity with the cavity
walls. This complexity increases when the wall becomes wavy or with the change of orientation of the
cavity. (Yao, 2006) has studied natural convection for more complex surface and he found that the
heat transfer rates for complex surface are greater than that of aflat plate, and the results show the local
Nusslet number depends on the ratio of amplitude and wavelength of the surface. (Adjlout et al., 2002)
studied the effect of ahot wavy wall of alaminar natural convection in an inclined square cavity. One
of their findings was the decrease of heat transfer with the surface waviness when compared with flat
wall cavity. (Mahmud et al. , 2002) studied flow and heat transfer characteristics inside an enclosure
bounded by two isothermal wavy wall and two adiabatic straight walls at different Grashof number.

(Dasand Mahmud , 2003) investigated buoyancy induced flow and heat transfer inside awavy
enclosure. They reported that the amplitude-wavelength ratio affected local heat transfer rate, but it had
no significant influence on average heat transfer rate. (Jang et al. , 2003) investigated the effects of the
amplitude-wavel ength ratio, buoyancy ratio, and Schmidt number on momentum and energy equations,
moreover to study the skin friction coefficient and Nusselt number on wavy wals under these
parameters. They found that for higher amplitude-wavelength ratio increase the fluctuation of velocity,
temperature and concentration. (Jang and Yan, 2004) studied the transient behaviors of natural
convection heat and mass transfer along a vertical wavy surface subjected to step changes of wall
temperature and wall concentration. They found that wave geometry is an important factor in this
problem moreover to buoyancy ratio, and Schmidt number.

(Dalal and Das, 2003) have considered a case of heating from the top surface with asinusoidal
varying temperature and cooling from the other three surfaces. The right vertical surface was undul ated
having one and three numbers. The effect of the number and the amplitude of undulation were studied.
In another study, (Dalal and Das, 2005) have made adetailed study by considering the same geometry
as of (Dalal and Das, 2003). The study was conducted at different inclination of the enclosure from O
to 360 deg in steps of 30 deg. They concluded that the maximum and minimum average Nusslet
number occurs at certain orientation angles. (Dalal, and Das, 2006) studied natural convection inside
cavity with right wavy wall only and heated from below while other walls are kept a cooled
temperature. They found that, the presence of undulation in the right wall affects in both local Nusselt
number and flow and thermal field. The results of them were applied in valuated case with the result of
the present code. (Rathish Kumar et al., 1997) have reported the effect of sinusoidal surface
imperfections on the free convection in a porous enclosure heated from the side. The observations
reveal that the heat transfer decreases as the amplitude of the wave increases. Also, the total heat
transfer rates less when compared with the heat transfer in an enclosure with plane walls. (Rathish
Kumar and Gupta, 2005) have analyzed the combined influence of mass and therma stratification on
non-Darcian double-diffusive natural convection from awavy vertical wall to analyze the influence of
various parameters. It is observed that the presence of surface waviness bringsin awavy pattern in the
local heat fluxes.

Most of the previous researches investigated the natural convection with either uniform wall
temperature or wall heat flux thermal boundary condition. However, these imposed thermal boundary
conditions are not suitable in many practical applications such as heat exchangers, inject mold,
transient setup and shutdown processes and non-equilibrium solidification processes. Furthermore, to
meet the industrial requirements, a non-uniform therma boundary is necessary. For example, some
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researcher utilized a non-uniform temperature distribution to obtain a uniform thickness substance film
in chemical deposition process. Therefore it is necessary to discover the influences of the non-uniform
thermal boundary conditions on the heat transfer and flow characteristicsin natural convection flow.

In the present investigation, a numerical anaysis of natural convection in atwo-dimensional
cavity heated from below surface and uniformly cooled from the top surface and both vertical sidesis
conducted. The cavity is having two flat walls and the two vertical wavy walls consisting of one, two,
three and four undulations. The amplitude of undulations is varied from 0.00 to 0.10. The two vertical
wavy and top walls are cooled with afixed temperature (isothermal) whereas the bottom wall is heated
non-uniformly with asinusoidal temperature distribution in space coordinate. Air has been taken asthe
working fluid with Pr=0.71. The flow structure type and heat transfer rate are analyzed and discussed
for awide range of Rayleigh number 10° to 10° in this study.

GEOMETRICAL DESCRIPTION

The proposed physical model for atwo-dimensional cavity (height H, and length L) with wavy
vertical walls filled with viscous fluid shown in Fig. 1 for two cases of wavy vertical wals;
symmetrical and unsymmetrical. In present study it is assumed that (H=L) square cavity, the vertical
wavy wallsistaken as sinusoidal varying as the expression below:

f(y)=1-1 +I| *cos(2p >n>y) (D

Where n is the number of undulations. Four different values of n=1, 2, 3, and 4 are studies. The wave
amplitude A changed for 0to 0.1 in al cases. The flow in acavity isair (Pr=0.71) and Rayleigh number
varied from 10° to 10°. The heated wall (bottom wall) considered to be spatialy varying with
sinusoidal temperature T, asthe expression below:

T,(X) = 0.5*[1- cos(2p >X)] 2
While the other walls kept at cooled temperature T..
GOVERNING EQUATIONS

The governing equations for natural convection laminar two-dimensiona incompressible steady
flow in dimensionless form using the following dimensionless variables (Xundan, 2003) are:

y u xH v xH
=— ,Y¥Y=— , U= , V=
H H a a,
_pH? L T T
ra; L Th-T

The governing equations of continuity, momentum, and thermal energy become:
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The fluid properties assumed constant except for variation of density in the buoyancy
force term of momentum in Y-direction which is approximated by the
Boussinesq assumption. Boundary conditions are specified as shown in Fig. 1.

GRID GENERATION

It is of great importance to implement the surrounding boundaries of arbitrary curvature in
General partia differential equations (GPDE) and to become a part of solution. The proper choice of
the used technique to transfer the physica domain into computational domain has agreat influence on
the solution. Elliptica Partia differential equations (PDE) method is the most general, applicable and
programmable method. There are two types of generating system, L aplace equation type and Poisson
equation type. The second type was used in this study.

The transformation function x =x(x,y), h =h(x,y) is individualy obtained by solving

the following two elliptic Poisson equations:
Xy FXyy = P(x,y)

Ny 1 gy =QXY)

Where P and Q are two arbitrary function specified to adjust the loca density of the grids.
Meanwhile, the orthogonality of the generated grids system can be improved by carefully setting the
boundary conditions. Fig. 2 show symbol cases of curvilinear grid system applied in this study.

(4)

TRANSFORMATION OF THE GOVERNING EQUATIONS
The governing equations mass, momentum and energy transformed from the Cartesian

coordinates (x,y) to the curvilinear coordinates (x , h) can be derived as:

Continuity equation:
U, +Vh =0 (5)
The general transport equation becomes:

2829



Number 3 Volume 14 September 2008 Jour nal of Engineering

UF) +0F), =5 + £ (0F, - boF, o

gJ H
G . (6)
+ ~—(a ¥ -b ><FX)L'J
N H,
Where the source terms S is defined in Table 1 as below:
Table 1 Source terms for general transport equations
Equation F Ce Sk
Momentum U Pr P Yy - B W
V Pr Py > X - P >xX+J>Ra>Pr>T
Energy T 1 0
Where
=X tYhh » BT X t Vi o DEXO% - VO W
And the relation between the Cartesian and contravariant velocity componentsis:
U=uwy, - v,
(7)

V =vxx, - uxy,

MODEL VALIDATION

The code was tested under two cases; case one described the buoyancy driven laminar heat
transfer in a square cavity with differentially heated sidewall. The left wall is maintained hot while the
right wall is cooled. The top and bottom wall are insulated. Table 2 shows the comparison of average
Nusselt number on the hot wall with numerica results of (De Vahl Davis, 1983), (M arkatos, 1984),
and (Xundan, 2003).

Table 2 Comparison of the predicted mean Nusselt number on the hot wall in asquare cavity.

References Ra=10" Ra=10° Ra=10°

De Vahl Davis (1983) 2.243 4519 8.800
Markatos (1984) 2.240 4510 8.820
Xundan (2003) 2247 4532 8.893
Present Study 2.245 4540 8.901

Case two of vaidate code represent of case study of (Dalal, and Das, 2006) for natura convection
inside cavity with right wavy wall only and heated from below while other walls are kept at cooled
temperature. Fig. 3 shows the comparison of numerical results with results of (Dalal, and Das, 2006)
for average Nusselt number on right wavy wall. The influence of the wall undulationsisclearly seenin
the results, where for all cases the average Nusselt number increase with an increase in Rayleigh
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number (negative sine means that wavy wall is cold wall). The results applied of wide range of Raand
number of undulation. The results for two cases are showing a good agreement with the other results.

NUSSLT NUMBER CALCULATION

In order to evaluate how the presence of the wavy vertical walls affect the heat transfer rate
along the wal according to the parameters Rayleigh number, wave amplitude, and number of
undulation it is necessary to observe the variation of the local Nusselt number on these walls. In
generalized coordinate the local Nusslet number defined as (Dalal, and Das, 2006):

1
Rightwall Nu, =———|g XT, - b XT,
rignt wall | J x\/g[g X h]
Leftwal Nu =— = [gT, - b T, | ®)

JIx/g

While the average Nusselt number is ca culated by the following expression:
1 L

Nuava =— 0 NU| xdl (9)
L o

To show the effect of the wavy vertical walls on heat transfer rate, we introduce a variable
called Nusselt number ratio (NNR) with its definition given as:

NNR = Nuave|with wavy wall (10)

uave|vm'thout wavy wall

If the value of NNR greater than 1 indicated that the heat transfer rate is enhanced on that
surface, whereas reduction of heat transfer isindicated when NNR is less than 1.

COMPUTATIONAL DETAILS

The solution of the governing equations can lead to acomplete understanding of the streamline,
velocity vector and isothermal contours field for natural convection in a cavity with wavy vertical
walls. The steady state governing equations were iteratively solved by the finite volume method using
SIMPLE algorithm in curvilinear coordinates. A two dimensional uniformly spaced staggered grid was
used; with power law scheme was utilized for the convection terms, whereas the central difference
scheme was used for the diffusion terms. The residud level at each iteration must be less than or equal
107 to convergence and stability of the solution.

RESULTSAND DISCUSSI ON:

In order to understand the flow field and heat transfer characteristics of this problem, atota of
132 cases were considered, 90 cases for symmetrica wavy vertical walls and 42 cases for
unsymmetrical wavy vertical walls. Rayleigh number was varied from 10° to 10° and number of
undulation changed from n=1 to 3 for asymmetrical case and n=1 to 4 for unsymmetrical case. Wave
amplitude changed from O to 0.1 for al cases. The flow is air considered, and the results show the
streamline, velocity vector, and isothermal contour moreover to local Nusselt number distribution on
the wavy walls.
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Flow and Thermal Fields

For symmetrica cases; Fig. 4, and 5 show the flow and thermal field for streamline, velocity
vector, and isothermal contour for Ra equa 10° with two value of wave amplitude | =0.05 and 0.1 at
three cases of number of undulation n=1, 2, and 3. From the result, the flow heated from bottom wall
and moves up near the vertical midline of the cavity. Then the flow impinges near the middle of the top
wall and moves horizontally to ward corners losing heat to the top wall. Finally it descends along the
cold wavy sidewalls. The important processes occur here is the combination between undulation and
convection strength. From the figures we could notes that increase of wave amplitude leads to more
deformation in flow behavior and thermal fields and increase the velocity in the middle of the cavity.

The same process we could notes in Fig. 6, and 7 but the intensity of the recirculation pattern
increase with increase Ra (10°) because the convection becomes stronger. Also the deformation in flow
and thermal field will become very clear with increase the value of Ra. For Ra 10° and 10" the
isothermal contours are distributed uniformly in the cavity because the convection isweak in this case.
On the other hand the isothermal contour are swirl at Ra=10° and 10° due to influence of increased
convection current.

For unsymmetrical cases, Fig. 8, and 9 show the flow and thermal field for streamline, vel ocity
vector, and isothermal contour for Ra 10° and 10° at different configuration of undulation in left and
right wavy vertical walls at fixed wavy amplitude | =0.05. The flow behavior deform in left wall more
than right wall because the different of number of undulation in both walls. The recirculating flow
becomes stronger in Fig. 9 according to increase the value of Ra, and undulation.

L ocal Nusselt Number

Fig. 10, 11, and 12 show the variation of local Nusselt number along wavy vertica walls at
different values of Ra, number of undulations, and wave amplitude. From Fig. 10, for law Rathe max.
Nu, islocated near the bottom heated wall, if Rais increased, the location gradually rises up because
of the increasing convection strength. Increase the values of number of undulation lead to decrease of
max. Nu, on the left and right walls. Moreover the distribution will becomes more fluctuation with
the wavy surface. Fig. 11 show the variation of Nu, along the wavy walls for different wave amplitude
value at Ra=10°. For n=1 and | <0.75 it is observed that there is not much variation in the max. Nu,,
but for | =0.1 there is achange in value and locations of max. Nu,. For n=2, and 3 the variationin Nu,
will become more wavy according to the wavy surface.

For unsymmetrical case the Fig. 12 described the variation of Nu, aong wavy walls. Nu,
distribution in the left wavy wall could be changed more than in the right wall according to the number
of undulations For small Ra, max. Nu, in the left wavy wall increase with increase the NL/NR ratio. If
Raincreases leads that to decrease the value of max. Nu, according to that ratio. Max. Nu, in the right

wall will is have small effect with the ratio NL/NR, but it romaine with the same behavior of the left
wall.

Average Nusselt Number
For Ra < 10°, increase the value of number of undulation leads that to decrease the value of

Nu,,.in both side walls, but in Ra = 10° the Nu,, behavior is not clear as shown in Table 3. Also
increase the wave amplitude leads that to decrease of Nu,, t0o. The same sequence repeated for
unsymmetrical case at | =0.05 and | =0.1 but in | =0.1 and Ra> 10°, the change in the value of Nu,,
will become large as shown in Table 4.
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Table 3 Average Nusselt number on the right and left wavy walls (symmetrical case) in a cavity with

| =0.05and| =0.1.
NL [NR| | = Rayleigh number NL [NR| | = Rayleigh number
005107 [ 10" | 10° | 10° 01 10° 107 10° 10°
0 0 R.W -0.567 -0.616 -1.030 -1.780 0 0 R.W -0.567 -0.616 -1.030 -1.780
1 1 R.W -0.631 -0.733 -1.050 -1.670 1 1 R.W -0.681 -0.772 -1.440 -1.727
1 1 LW -0.631 -0.733 -1.050 -1.660 1 1 LW -0.681 -0.772 -1.090 -1.730
2 2 R.W -0.689 -0.754 -1.115 -1.560 2 2 R.W -0.830 -0.858 -1.174 -1.710
2 2 LW -0.689 -0.754 -1.113 -1.550 2 2 LW -0.831 -0.859 -1.175 -2.150
3 3 R.W -0.747 -0.818 -1.115 -1.700 3 3 R.W -0.995 -1.020 -1.270 -1.820
3 3 LW -0.748 -0.819 -1.115 -1.700 3 3 LW -0.995 -1.020 -1.380 -1.980

Table 4 Average Nusselt number on the right and left wavy walls (unsymmetrical case) in a cavity
with | =0.05and| =0.1.

NL [NR| | = Rayleigh number NL [NR| | = Rayleigh number
005[710° | 10" [ 10° | 10° 01 10° 10 10° 10°
0 0 R.W -0.567 -0.616 -1.030 -1.780 0 0 R.W -0.567 -0.616 -1.030 -1.780
2 1 R.W -0.637 -0.773 -1.030 -1.600 2 1 R.W -0.689 -0.802 -1.043 -2.563
2 1 LW -0.680 -0.714 -1.138 -1.630 2 1 LW -0.797 -0.792 -1.248 -1.440
3 1 R.W -0.641 -0.756 -1.027 -1.749 3 1 R.W -0.689 -0.792 -0.856 -1.860
3 1 LW -0.729 -0.786 -1.197 -1.625 3 1 LW -0.922 -0.929 -1.373 -1.678
4 1 R.W -0.635 -0.746 -1.080 -1.728 4 1 R.W -0.658 -0.761 -0.855 -1.898
4 1 LW -0.772 -0.838 -1.140 -1.759 4 1 LW -1.011 -1.037 -1.358 -2.194

NNR Distribution

Fig. 13 shows NNR distribution with Ra. The results show that for small Ra, NNR is increase
with increase the number of undulation but it will become reduction in itsvalueif Raisincrease. Also
if wave amplitude increases that leads to increase the NNR too. This relation also studied for
unsymmetrical case as shown in Fig. 14 For left wavy wall and higher ratio of NL/NR, NNR increase
with increase the number of undulation to Ra=10" and will be decrease. But for small ratio the relations
decrease from the first. For right wavy wall the same sequence repeated with non uniformly distributed
in the figure.

CONCLUSIONS

Natural convection heat transfer in a cavity with wavy vertical walls has been analyzes. The
effects of wave amplitude, number of undulation, Rayleigh number for two cases, symmetrical and
unsymmetrical wavy walls have been studied in detail. The results show that, for symmetrical case

increase of number of undulation leads to decrease of max. Nu,, Nu,, and increase the NNR factor.
While increase the wave amplitude leads to wavy distributed of Nu, and decrease the value of Nu,,,
to Ra< 10° with increase of NNR factor. Also increasing Ra the convection strength become stronger
and leads to decrease of max.Nu,, Nu,, and increase of NNR. The same sequence repeated for
unsymmetrical case with more deformation in the flow and thermal field, aso increase the Ra leads to
increase the max. Nu, in this case.
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NOMENCLATURE:
SYMBOLS TITLES UNITS
B Thermal expansion coefficient 1/k
H Height of the cavity m
J Jacobian e
L Length of the cavity m
LW Leftwavywal e
n Number of undulation e
NL Number of undulationin left wavywal
NR Number of undulationinrignt wavywdl
Nu Nusset number e
NNR Nusset number ratio e
P Dimensionlesspressure e
Pr Prandtl number /a;)
Ra Rayleigh numoer e
(9.B.(TiTo.L%na;)
R.W Right wavywdl e
S Sourceterm e
T Dimensionless temperature e
u,v Dimensionless Cartesan velocity componentsin x, and y coordinates ~ -----
uyVv Dimensionless contravariant velocity componentsinx,andh -
coordinates
X, Y Dimensionless Cartesan coordinates -
GREEK SYMBOLS
a, Thermd diffusivity of fluid mé/sec
a,b,c Transformation functions
X, Dimensionless curvilinear coordingtes -
I Wave amplitude e
n Kinematics viscosity me/sec
F Generd variablesrepresenting, V,andT7. -
SUBSCRIPTS
ave Average
c Cold wall
h Hot wall
I Loca
max Maximum
X,y Derivative relative to x, y, x, h respectively.
X ,h

SUPERSCRIPT

Dimensional form
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Univer sity of Technology University of Technology
ABSTRACT

In the field of hydraulic power plant, the cavitation is responsible of sever erosion
which requires periodic unit shutdowns for inspection and repairs. Al-Mosul
hydroelectric power plant is chosen as model in this study. Computer programs are
developed by using the velocity gradient method to analyze the flow in the runner blades
of the turbine (Francis Turbine) to calculate the available cavitation and compared with
the critical cavitation. The erosion of the runner material (erosion rate, weight of lost
material and mean depth of erosion) is aso calculated to limit the operation hours of the
power plant. The presented work shows that the cavitation appears on the underside of
the turbine (Francis Turbine) blades in the trailing edge at distance of 82% from the
leading edge due to decrease in pressure, flow separation and interference zone. This
causes erosion depth of about 4 mm for the first four years of operation which represents
about 17% of the blade thickness of the trailing edge. It is found that the operation hours
of Al-Mosul power plant should not exceed 24000 operation hour. A good agreement is
found between the prototype data obtained from the computer program anaysis and
experimental visualization shown in the literature and theoretical solution.
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INTRODUCTION

Water turbines are used in hydroelectrica power stations to convert the energy of
stored water at a height into mechanical work. Francis turbine (Fig.1) is understood as a
water turbine where the runner receives the water under pressure in a radia inward
direction and dischargesit in asubstantially axia direction.

Erosion is the progressive loss of originad material from a solid surface due to
mechanical interaction between that surface and a fluid, achieved by emission of stress
pulses into the solid, which arise, for a shock wave or by the formation of a high-velocity
jet of liquid both originating from bubble collapse (Army, website). The collgpse of the
cavities can lead to an increase in the corrosion current, thus cavitation erosion
accelerates corrosion (Hammitt, 1980). Cavitation erosion is a complex phenomenon
involving the interaction of hydrodynamical, mechanical, metallurgical and chemica
factors.

Many studies, both theoretical and experimental have been done to study the
cavitation, its deleterious effects and erosion cased by cavitation collapse. (Mikael, 2001)
represented an experimental study on cavitation in Kgplan model turbine. A periodic
pattern of the cavitating tip vortex is observation, the main feature of this pattern is that
cavitating vortex is bent towards the blade surface and transformed into cloud formation.
(Soyama, 2001) proposed a new parameter in the relation between the cavitation impacts
and the resistance of materias to predict the cavitation erosion, it is threshold level of
materias to the cavitation impacts, a new parameter, i.e., threshold level to predict
cavitation erosion is proposed as aresult of the relation between the energy of impact and
the erosion rate. (Saffa, 2006) presented a comparative studies of corrosion and erosion-
corrosion resistance for two types of materials. He found that the ductile iron loss of
material due to corrosion and erosion-corrosion resistance is less than gray cast iron.
(Masatake, 2003) presented an experimental study where the real erosion progress was
examined using acceleration tests. Sever erosion occurred a the predicted condition
mainly under partial load conditions and high head operation. The relationship between
the rate of erosion progress, which is directly evaluated by measuring erosion pit size,
and cavitation intensity measured using impulse pressure sensors, is discussed.

In the present work a mathematical model developed to study the effect of cavitation
on the performance of the turbine and the life of its blades due to erosion for Al-Mosul
power plant turbine which is working at the average net head (42.3 — 77.2) m and flow
rate (140 - 310) m¥s.

THEORY

Cavitation appears in some regions in the hydraulic turbine where the pressure is less
than the pressure of saturated water vapour ((Caron, 2001), (krivchenko, 1986)), the
magnitude of this pressure at a certain point is known on the runner as shown in the
following figure may be represented by:-
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The cavitation index (coefficient) (Raabe, 1985) is

equal to:-
é VZ u
S = é@szz 2gH - Z 4KV +1 szvzH )
The available and critical cavitation coefficients (Jagdish, 1984) is equal to:-
é V7
:g(az' Z o) Kz - @ 5 2gH =+ KWZU 3
So =[(Pan P)/GH]- H./H @

A cavitation-safe operation of aset requiresthat s , £s ,

The shock wave radiated from collapsing bubbles is one of the main factors
contributing to cavitation erosion. When a single bubble collapses, a considerable portion
of the potential energy stored in the bubble is transformed into acoustic energy. Thus, the
acoustic energy (Eac) can be expressed as (Zhang, 1989):-

E._16éRU"
=—a F(Xoin) ®)
e_u min
Epot C¥ élrya

The function F(X,,,) from classical theory is:-
12" 1 8X +16X 2

F(X 6
Xen) =53 Ox(x@- X ()
P
Where X = (R/R)"and Ry, /Ry » 3.2
¥
Thefinal relation of the acoustic energy is:-
a2 32
E 1 a@P o ap, 0
PR (7)

(413PR R, 27C¥ 'y o é

One of the most pronounced features of bubble collapse near a boundary is formation
of aliquid jet within the bubble naturally (Tomita, 1986). It is well known that the water-
hammer pressure induced by impacting liquid jet can be expressed as:-
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P =T «CGV, (8)
The expression for the kinetic energy of the entire body of liquid at timeis:-
¥
My
(K.-E)ijq =7¥0124prb2drb =2pr ,U°R’ ©)

R
An expression for the time (t ) required for a cavity to complete collapse from Ro to R

isrepresented by (T omita, 1986):-

t =0.91468R, | ¥ (10)
R

The work done on the entire body of fluid as the cavity collapsing from Ry to R is
equal to:-

Work :%(Rg - R (11)

If the fluid is inviscid as well as incompressible the work done appears as kinetic
energy, but the cavity isfilled with gas which is compressed isothermally. Then, the work
done (Eqg.11) is equal to the sum of kinetic energy (Eq.9), and the work of compression

gas 4pP,,R; In(R,/ R) where Py isinitial pressure of the gas, for that:-
RS 2 3
U2 =2 85 i P R R (12)
IryégR® § ry RR R

The bubble impact pressure P, due to sudden collapse as water hammer can be
expressed as (Raabe, 1985):-
P=r,GU (13)

Cavitation erosion is sometimes assessed by counting the number of craters produced
per unit surface area or per unit time (Sayama, 1998). The mathematical relation model
for the dynamics of the cavitation erosion using a differentia equation applied to forced
oscillations with damaging is:-

2

dlj+2asd_u+b:u=1 (14)
dt dt

By introducing the parameters d =a /b, and t, = b_t, the general solution of the
above equation can be written as:-
u = af,(d,t,) +bf,(d,t,) (15)

The functions f,(d,t,) and f,(d,t,) are determined for various parameters by using

the following expressions:-
For -1<d<1 ; d!O

fo(d,t,)=1- (exp(-dt t))%sin(v‘vt ) + cos(Wwt t)g (16)
f(dt) =1 221 exp(- ot foostt ) +esingnt, )] (17)

t
Where w and e are represents the following abbreviations:-

W = (1- d%)¥? (18)
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d?- 05
© = a9 (49
For d>1
d,=d+(d?- "2 (20)
1 é -t 0
fo(d,t,) =1- ——a; exp(—L) - exp(-d ) (21)
dy-1& d, a
1€é 1 e -t 6u
fdt)=1- —&d- ——¢exp(-d t,) - d* exp(—L) 7 22
1( t) ttgz do(d(f'l)g p( Ot) p(do )% ( )
For d=0
f,(d,t,)=1- cos(t,) (23)
f(dt,)=1- %(tt) (24)
t
For d=1
fod,t,) =1- 1+t )exp(-t,) (25)
fdt,) =1- wmxpat) (26)

t
The observed erosion rate expressed in terms of depth of penetration per unit time

( ¥ ), can be related to the energy absorbed per unit time and area (Roger, 1989):-
| =¥S (27)

RESULTSAND DISCUSSION

The cavitaion behavior along the suction and pressure sides of the runner blade
for different sections such as, the hub, mean, and the shroud is studied for different
flow rates in the range of the data of Al-Mosul hydroelectric power plant. The
available cavitation coefficients along the blade length at the shroud on suction
and side pressure sides are presented in Figs. (2 to 4). For Fig. (2) the discharge
175 m*/sec, net head 42.3 m and suction head 4.22 m, for Fig. (3) the discharge
226 m’/sec, net head 66.4 m and suction head 1.75 m and for Fig. (4) the
discharge 283.3 m*/sec, net head 77.2 m and suction head 0.32 m, it is found that
the value of available cavitation at the shroud section of the blades decreases as
the relative velocity of flow increases (pressure will be fall). The critical cavitation
coefficients are calculated to find the optimum working conditions, these values
are presented in Fig. (4). The comparison between Figs. (2 to 4) and Fig. (5)
shows that the cavitation starts to form at distance 82%,88% and 90% from the
leading edge. This fact was presented by (Gordon, 1989) who stated that the first
evidence of cavitation in Francis unit usually appears on the underside of the
blades, near the trailing edge. Also it is found that increasing the net head and
decreasing the suction head, will increase the available cavitation coefficient from
(-0.25) to (-0.09) while the critical cavitation coefficient which is nearly constant
will give an optimum working conditions.
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The shock wave radiated from collapsing bubbles is one of the main factors
contributing to cavitation erosion. Fig. (6) shows that the acoustic energy emitted
from the collapsed bubbles increases with the increase in the radius of the bubble.
The duration of the bubble collapse which is shown in Fig. (7) is proportional to
the radius of the bubble. Figs. (8 and 9) show that the impact pressure at specified
radius has destruction action, treating the bubble impact pressure due to the
sudden collapse as water hummer, after jet impact on a solid boundary, an
impulsive pressure with avery short duration is produced.

The average erosion rate presented in Fig. (10), it is found that the erosion rate
increases through the first year of exposer time, which is in agreement with the
results obtained by (Rao, 1984) as shown in Fig. (11). The erosion curve shown in
Fig. (11) isdivided into three stages: first an accumulation period, second a steady
state period and third an attenuation period.

Fig. (12) shows a comparison between the experimental data obtained from
Al-Mosul power plant due to maintenance period and the theoretical results for
presented work for a material loss in the exposer time. A good agreement is found
with a typical material loss curve varies with time (Zhou, 1983) as shown in Fig.
(13) especially for the first two year. Material loss (S-shape) curve shown in Fig.
(13) is characterized by an initial period of negligible or low damage rate, then a
period of approximately constant maximum erosion rate and finally a period of
decreasing or sometime oscillating rate.

Fig. (14) shows a relation between the exposer time of Al-Mosul power plant
and the mean erosion depth of the runner surface. This curve shows that, for the
first four year, the mean depth about 4 mm which is about 17% of the blade
thickness at the trailing edge whose thickness is 24 mm.

CONCLUSIONS

1- The cavitation phenomena appears in the underside of Francis turbine runner
blades and in the trailing edge due to the irregular blade shape which reduces
pressure up to vapour pressure.

2- The best performance of Al-Mosul power plant requires the optimum working
condition, depending on the data of Al-Mosul power plant as well as the optimum
frequency of turbine repair. Therefore the operation hours should not exceed
24000.

3- The destruction action of collapsing bubbles is strongly depending on a bubble
volume, and the acoustic energy increases with the increases in radius of the
bubble.
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(A) (B)

Figure (1) Francis Turbine (A) part of casing and show the
interior parts. (B) Runner [Hydraulic Tur bine, website]

2854




Available Cavitation Coefficient

J.M.Hassan Prediction of Erosion Effect Dueto Cavitation

L.W. Ismail ON AL-M osul Power Plant Turbine
1.40 1.60
7] Shroud 7 Shroud
1.20 —H d 1.40 — —k— Pressure Side
| —k— Pressure Side - A Zuctiun Sz:
—&—  Suction Side - 1.20 —
1.00 — c
L -
. s
£ 1.00 —
0.80 —| 8 i
o
1 S 080
0.60 — kS .
i Z 060 —
o -
0.40 — o
| 8 040
T |
0207 < 020
0.00 —| 0.00 —|
-0.20 — T T T T T T T T "~ T ° -0.20 — T T T T T " T T |
0.20  0.00 0.20 0.40 0.60 0.80 1.00 1.20 020 0.0 0.20 0.40 0.60 0.80 1.00 1.20
(%) Distance from the Leading Edge (%) Distance from the Leading Edge
Figure (2) Variation of available cavitation coefficient Figure (3) Variation of available cavitation coefficient
along the blade length (H=42.3m) along the blade length (H=66.4m)

Shroud

1.80 — —k— Pressure Side
T —A—  suction Side

Available Cavitation Coefficient
1

-0.40 — T T 1T T T " T " T "1 " T
-0.20 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
(%) Distance from the Leading Edge

Figure (4) Variation of available cavitation coefficient
along the blade length (H=77.2m)

2855



Acoustic Energy {F,, 14 1

Number 3 Volume 14 September 2008 Jour nal of Engineering

0.30
0.25 —
S 020 —
< i
>
® —
& 015
< i
2
T 010 —
O
0.05 —
0.00 I I I I I I I I I I I I I
0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00
Disgarge Q (m*s)
Figure (5) Samples of critical cavitation coefficient at
different operation
4.00 1.20
3.00 — -rf‘ 1.00 —
L
- (] -
&
°©
2.00 — O  0.80 —
S
()
i £ i
'_
1.00 — 0.60 —
0.00 T I T I T T T 0.40 T T T T T T T
0.60 0.80 1.00 1.20 1.40 0.60 0.80 1.00 1.20 1.40
Maximum bubble Radius (R ...~ m Maximum Bubble Radius ¢ ,"10% mn
Figure (6) Acoustic energy versus maximum bubble Figure (7) Time of collapse versus maximum bubble
radius radius

2856



Dimensionless Radius g Mmin

Average Erosion Rate

J.M. Hassan Prediction of Erosion Effect Dueto Cavitation
L.W. Ismail ON AL-M osul Power Plant Turbine
50.00 30.00
25.00 —
40.00 —
© i
i o
% 20.00 —
30.00 — *_=__ i
i S 1500
[2]
[%2]
e .
20.00 — o
S 1000
- o
E i
10.00 —
5.00 —
0.00 T I T I T I T I 0.00 T T T T T T T T T
0.00 500.00 1000.00 1500.00 2000.00 0.00 400.00 800.00 1200.00 1600.00

Bubble Wall Velocity (m/s)

Figure (8) Dimensionless radius versus bubble wall

velocity

1.20

1.00 —

0.80 —

0.60 —

0.40 —

0.20 —

00— T T T T T ]

0.00 1.00 2.00 3.00 4.00

Exposure Time (year)

5.00

Figure (10) Average erosion rate versus Exposure time

(Erosion Rate curve)

Bubble Wall Velocity (m/s)

2000.00

Figure (9) Impact pressure versus bubble wall

velocity

Normalized AverageErosion Rate

3 <=0

| | | it
o | b o

Normalized Time

- g—

STAINLESS S1TEL
PRESSURE,
10 KP
VERGEITY, mifs

B

L)
.6
il

_

!

o ——

Figure (11) Normalized average erosion rate versus
normalized time for stainless steel examined in arotating

disk device [Ra0,1984]

2857



Material Loss (kg)

Number 3

Volume 14 September 2008

Jour nal of Engineering

40.00

35.00 —

30.00 —

25.00 —

20.00 —

15.00 —

10.00 —

5.00 —

0.00

Presented Work

[ ] Experimental Data

Material loss

Maximum Rale Penod

Incubation Penod

Normal Incubation Period

L

0.00

Figure (12) Material loss versus exposure time

T T 7
100 200  3.00

Exposure Time (year)

4.00

(Material Loss curve)

Mean Depth of Erosion (mm)

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

5.00

T T T
6.00 7.00

Time of Exposure

Figure (13) Typical cavitation or liquid impact

(S-Shape Erosion Curve) [Zhou, 1983]

0.00

I
1.00

U L L L
2.00 3.00 4.00 5.00
Exposure Time (year)

I
6.00

7.00

Figure (14) Mean depth of erosion versus exposure time

(Mean Erosion Depth curve)

2858



J.M.Hassan Prediction of Erosion Effect Dueto Cavitation
L.W. Ismail ON AL-M osul Power Plant Turbine

REFERENCES

Caron J, Frahat M. & Avellan F., 2001 “Physical Investigation of the Cavitation
Phenomenon”, Fourth International Symposium on Cavitation, California Institute of
Technology, Pasadena, CA (USA).

Army website: http://chl.erdc.usace.army.mil/chl.aspx?P=s& a=ResearchArea; 7

Gordon J. L., August 1989 “Francis turbine Setting”, Water Power & Dam Contraction,
Vol. 41, No. 4, PP. 24-26.

Hammitt F. G., 1980 “Cavitation and Multiphase Flow Phenomena’, McGraw-Hill.

Hydraulic Turbines: http://www.energymanagertraining.Com/ power _ Plants /
Hydraulic_turbine.htm

Jagdish L., 1984 “Hydraulic Machines”, Metropolitan Book Co. Private Ltd.

Krivchenko G. I., 1986 “Hydraulic Machines Turbine and Pump”, Translated from
Russian, Mir Publishers, Moscow.

Masatake M., Kazuyoshi M., Takanobu K. & Hidenobu F., November 2001 “Study of
Cavitation Erosion on Hydraulic Turbine Runners”, Fifth International Symposium on
Cavitation (CAV2003), Osaka, Japan.

Mikeal G. & Goran B., 2001 “Experimental Study of Cavitation in a Kgplan Turbine”,
Fourth International Symposium on Cavitation, California Institute of Technology,
Pasadena, CA (USA).

Raabe J., 1985 “Hydro Power”, VDI-Verlag GmbH, Germany.

Rao P. V. & Donald H. B., 1984 “Predictive Cgpability of Long-Team Cavitation and
Liquid Impingement Erosion Models”, Wear, Vol. 94, PP. 259-274.

Roger E. A., Richard L. V., Jams P.S., Rodrique P. & Antonio F., 1989 “Cavitation
Erosion in hydroturbines”, Journa of hydraulic Engineering, Vol. 115, No.10.

Safaa M. H., 2006 “Comparative Studies on Corrosion Behavior of Ductile and Gray
Cast Irons”, M.Sc. Thesis, Al-Rasheed College of Engineering and Science, University of
Technology, Baghdad.

Soyama H., Lichtarowicz A., Momma T. & Williams E. J.,, 1998 “A New Calibration
Method for Dynamically Loaded Transducers and its Application to Cavitation Impact
Measurement”, Trans. ASME Journal of Fluids Engineering, VVol. 120, PP. 712-718.

Soyama H., Kumano H. & Saka M., 2001 “A New Parameter to Prediction Cavitation
Erosion”, Fourth International Symposium on Cavitation, California Institute of
Technology, Pasadena, CA (USA).

TomitaY. & ShimaA.,1986 “Mechanisms of Impulsive Pressure Generation and damage
Pit Formation by bubble Collapse”, Journal of Fluid Mechanics, Vol. 169, PP. 535-564.

2859



Number 3 Volume 14 September 2008 Jour nal of Engineering

Zhang Y. J. & Hammitt F. G., 1989 “Statistical Investigation of Bubble Collgpse and
Cavitation Erosion Effect”, Wear, Vol. 133, PP. 257-265.

Zhou Y. K., 1983 “Cavitation Erosion Incubation Period”, Wear, Vol. 86, PP. 299-313.

NOMENCLATURE
C, Velocity of sound
E.. Acoustic energy
Epn Potential energy
G Acceleration
H Net head of turbine
Hs Suction height (distance from the tailrace level to runner axis)
I Erosion intensity
Kvz2 Coefficient of absolute velocity at exit of runner
Kwez Coefficient of relative velocity at exit of runner
Pac Minimum absolute pressure
Patm Atmospheric pressure
Py Gas pressure in the bubble
Py Vapour pressure
Pwn Water hammer pressure
P, Local pressurein flow field
R Radius of bubble
Ro Initial radius of bubble
Rimax Maximum radius of bubble
Rmin Minimum radius of bubble
ro Radius measured from center of bubble
S Characteristics strength of the materia
U Bubble velocity
U Periphera velocity
Vv Velocity at exit of turbine
\Z Velocity at the outlet of the runner
Vs Velocity at the outlet of the draft tube
V Impact velocity of aliquid jet
Vs Depth of penetration per unit time
a,&a, Coriolis coefficient alowing for non-uniform velocity distribution
a, Internal friction coefficient of material during plastic deformation
b, Coefficient inversely proportional to material strength
g Specific weight of water
I Pressure number
Z youtt Draft tube losses coefficient
ry Density
S Cavitation coefficient
S, Available cavitation coefficient
S Critical cavitation coefficient
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Bubble collapse time sec
u Metal loss rate 1/sec
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BEHAVIOUR OF CROSS-PLY LAMINATED HYBRID
COMPOSITE PLATESWITH AN INCLINED CRACK
SUBJECTED TO A UNIFORM TEMPERATURE RISE

Dr. Majid H. Faidh-Allah,
Dept. of Mech. Eng./ Baghdad University, August 2008

ABSTRACT

Thermal buckling analysis of symmetric and antisymmetric cross-ply laminated hybrid
composite plates with an inclined crack subjected to a uniform temperature rise are presented in
this paper. The first-order shear deformation theory in conjunction with variational energy
method is employed in the mathematical formulation. The eight-node Lagrangian finite element
technique is used for obtaining the thermal buckling temperatures of hybrid composite laminates.
The effects of crack size and lay-up sequences on the thermal buckling temperatures for
symmetric and a antisymmetric plates are investigated. The results are shown in graphical form
for various boundary conditions. Finally , from this paper, the following main results have
been found from which the buckling temperature is affected the larger crack length more than
the small crack length, together with other result that the buckling temperature of the plate for
every perforation angle is to increase while crack length is increasing .

KEYWORDS
hybrid composite plates, thermal buckling, finite element method.
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INTRODUCTION

Fiber reinforced structures are widely used in so many engineering applications. because of
their low weight and high strength. Stability of these structures is important especially at
elevated temperatures.

The thermal buckling analyses or orthotropic plates including a crack, were investigated by
Avci , A. and Sahin , O.S.,2005 Thermal buckling analysis of symmetric and antisymmetric
cross-ply laminated hybrid composite plates with a hole subjected to a uniform temperature
rise for different boundary conditions was studied by using finite elements method by Avci ,
A. and Sahin , 0.S.,2005. In that paper the effects of hole size, lay-up sequences and
boundary conditions on the thermal buckling temperatures were investigated. Akbulut, H.
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and Sayman,0.,2001 were studied the buckling behavior of laminated composite plates with
central square openings for various boundary conditions and stacking sequences by using
finite element method.

The thermal buckling of isotropic and composite plates with a hole by using both closed form
solution and finite elements method was investigated by Chang, J.S.and Shiao,F.J.,1990.
Thermal buckling of antisymmetric cross-ply composite laminates was investigated by
Mathew, T.C. and Rao, G.V.,1992. Abramovich investigated the thermal buckling behavior
of cross-ply symmetric and nonsymmetrical laminated beams employing the first-order
deformation theory. Murphy, K.D. and Ferreira, D.,2000. Studied theoretical and
experimental approaches to obtain the buckling temperature and buckling mode for flat
rectangular plates. Huang, N.N. and Tauchert, T.R., 1992. Studied the thermal buckling of
clamped symmetric angle-ply laminated plates employing a Fourier series approach and the
finite element method. Prabhu, M.R. and Dhanaraj, R., 1994 Thangaratnam, K.R. and
Ramaohandran,J.,1989 , also studied the thermal buckling of the laminates subjected to
uniform temperature rise or non uniform temperature fields using the finite element approach.

An extensive overview of the general buckling problems of laminated composite plate was
made by Liessa,A.W.,1987.

In that study, some complicated effects were investigated such as shear deformation,
hydrothermal factors and post buckling behavior. The influence of temperature distribution on
buckling modes has investigated by Bednarczyk,H. and Rihter,M.,1985. The thermally
induced buckling of antisymmetic angle-ply laminated plates with Levy-type boundary conditions
was investigated by Chen,L.W. and Liu, W.H., 1993 . Thermal buckling behavior of composite
laminated plates with transverse shear deformation was studied by Sun,L.X. and Hsu,T.R.,1990.
Chockalingam, S. ,1992. investigated the thermal buckling of antisymmetric cross-ply hybrid
laminates by using finite element technique based on first-order shear deformation theory.
Chen ,W. and Liu, W.H., 1993. also studied thermal buckling of laminates subjected to uniform
temperature rise or non uniform temperature fields using finite element approach. Local buckling
of composite laminar plates was considered and the critical strains of laminated plates with
various shaped local delamination and different stacking patterns are obtained by making use of
the energy principle. by Wang, X.and Lu,G.,2003. Also non-linear thermal buckling for local
delamination near the surface of laminated cylindrical shell problem was studied by Wang,
X.and Lu,G.,2003.

The present paper aims to determine the buckling temperature and buckling mode shapes for
hybrid composite laminates with different inclined crack by using the finite element method. The
thermal buckling of symmetric and antisymmetric cross-ply laminates with cracks is investigated,
based on the first-order deformation theory in conjunction with the variational energy method.
The finite clement approach is used for obtaining the thermal buckling temperatures for
boron/epoxy-glass/epoxy hybrid laminates. The effects of crack length, crack inclination angle
and lay-up sequences on the thermal buckling temperatures have been studied numerically . The
buckling behavior of boron/epoxy-glass/epoxy hybrid composite plates was compared with E-
glass/epoxy plates.

MATHEMATICAL FORMULATION
The laminated orthotropic construction of the plate is consisted of N layers. Each layer is of
thickness t,., so that h=%}/_, t, isthetotal thickness of the laminate.

The longitudinal and lateral dimensions of the laminate are a and b and subjected to uniform
temperature difference AT between ambient and laminated plate as shown in Fig. 1. The linear

stress-strain  relation for each layer is expressed with x, y-axes and has the
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form(Whitney,J.M.,1973) .
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Fig. 1. Geometry of the problem and coordinates

where o..,0,, 1,7, andz,. are the stress components, @, are transformed reduced stiffnesses,

which can be expressed in terms of the orientation angle and the engineering constant of the
material. AT is temperature difference, o, and oy, are the coefficients of thermal expansion in
directions of x and .y-axes, respectively. ayy is the apparent coefficient of thermal shear, such
as(Jones, R.M .,1975)

B c.c08 6+ aysin® 8

a,= a; cos’ 6 +ay sin’ @ 2

a.,= 2(ay- as)sinf. cosf
a; and a, are the thermal expansion coefficients of the lamina along the longitudinal and
transverse directions of fibers, respectively.

In this study first-order shear deformation theory is used. The displacements u, v and w can be
written as follows:

ulx, y, 2) = ug(X, y)+ zix(Xx, y)
V(X, Y, Z) = v5(X, )+ ZUy(X, Y) (3)

w(X, Yy, 2)= w(X, y)
where. u, v, ,w are the displacements along to x, y, and z-axes. respectively, at any point of

the middle surface, and, i, v, are the bending rotations of normal to the mid plane about the x
and y axes, respectively. The bending strains =, . =, .and transverse shear strains ¥xy, ¥yz ¥, a any
point of the laminate are (Jones, R.M.,1975)

Fuo ¥

£ Ix Ox

& a. e,
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dw
sz ay ¥
= 4
Vez al ( )
dx x

The resultant forces N, N and N, moments M, , M and M . and shearing forces @,
,@,. per unit length of the plate are given as

;hirx Lfl"fx Riz ﬂl’
Ny My|= f B ]rsr;-} (1.z)dz
—-Ry2

Ny My, Tay
Qs BiZ [ Txz
['91} =L {fr}.j dz (5)
The total potential energy K of alaminated plate under thermal loading is equal to
K=U, +Us +V (6)

where Uy, is the strain energy of bending, Us is the strain energy of shear and V represents the
potential energy of in-plane loadings due to temperature change

U, =1/2 f_i!hzz [f [z (oxex + opey + Txﬂ’x;.-}ﬂ]dz
Us=1/2 .r_hp;zz [f -rﬂ {szrxz + T}'zr}'z}ﬂ]dz
V=1/2 [ [ [Ny(dw/dx)® + Na(@w/3y)? + 2N1,(0w/0x)(ow/0y)dA-[ r(NEuf + NEul)ds

(7)

Here dA =d.d . R isthe region of a plate excluding the crack.i; and &% are in-plane loads

applied on the boundarydR.For the equilibrium, the potential energy K must be stationary. The

equilibrium equations of the cross-ply laminated plate subjected to temperature change can be
derived from the variational principle through use of stress-strain and swain-displacement relations.
One may obtain these equations by using 6K = 0.

Finite Element Formulation

In general, a closed form solution is difficult to obtain for buckling problems Therefore
numerical methods are usually used for obtaining an approximate solution. In order to study the
buckling of the plate, an eight-node Lagrangian finite element analysis is applied in this study. The
stiffness matrix of the plate is obtained by using the minimum potential energy principle. Bending
stiffness [Ky], shear stiffness[K.] and geometric stiffness [K_] matrices can be expressed as

[K,] = f [B,17[D,] [B,]dA (8)
[K,] = f [B,7[D,[B,] dA )
and
[x,]= | [8,]'I0,][5,]as (10)
Where

A; B _|KiA,, 0
D)= B Dij] D] = 0 H%‘qssl

— Eri Kriz

and [D"]_[ﬁu !sz] (11)
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(Ai_ﬁ B, Dij): f;:jz @ijtl’z’ z%)dz (i, j= 1,2,6) (12)

(A_”, Ass): _r_k;fz(ﬁ.pp{_?ssjdz (13:]
A4, and A.; are the shear correction factors for rectangular cross section are given byK;
=K5 = 5/6(Whitney)

The total potential energy principle for the plate satisfies the assembly of the element
equations.

The element stiffness and the geometric stiffness matrices are assembled. The corresponding
eigenvalue problem can be solved using any standard Eigen value extraction procedures(Bathe,
K.J.,1982)

u;
[[Ka]—lb [Kag]][“il =0 (14)
Wi
where
[Kg] = [Ko] + [K.]. and -A,[keq] = [K,] (15)
The product of 4, and the initial guess value AT isthe critical buckling temperature T, . that is
T, =4, AT (16)

NUMERICAL RESULTSAND DISCUSSION

There are many techniques to solve Eigen value problems. In this study the Newton Raphson
method is applied to obtain numerical solutions of the problem. For thermal buckling due to a AT
temperature change in the plate, the uniaxial or biaxial in-plane loads are developed along the
rectangular edges, while the crack edges are free.

The E-glass/epoxy, and boron/epoxy are considered as components of hybrid plate and their
thermo-elastic properties are given in Table 1. Here, E; and E; are elastic moduli in 1 and 2
directions, respectively. vi,is Poisson's ratio and «; and ., are thermal expansion coefficients of

the materials used in the solution. The effect of «,-, is neglected.

Stacking sequence of hybrid composite plates have been taken both symmetric and
antisymmetric. Stacking segquences have been represented below. Boron/epoxy and glass/epoxy
layers are named B and G, respectively.

Table 1 Material properties

. El E2 E12
Material 1/°C 1/°C
(Gpa) | (Gpo) | (Gpy | 2 | WO | wllFO)
E-glass/ epoxy 15 6 3 03 | 7.0x10° | 2.30x10°
Boron/ epoxy 101 19 48 ]012| 417x10° | 1.91x10”

The sequence of 4 Layers symmetric lay up of glass/ epoxy-boron / epoxy is 0°G / 90°B
/90°B /0°G The sequence of 4 Layers ant symmetric lay up of glass/ epoxy-boron/epoxy is 0°G
/90°B /0°G/90°B

Each layer has 0.25 mm thickness and the length of one edge of sguare plate is 100 mm.
2¢/L. ratio. represents the crack size to length of one side of composite plate and ¢ represents the

crack inclination angle as shown in Fig. 1.

A wide range of boundary conditions can be accommodated, but only one kind of' boundary
conditions is chosen as defined below:

Two edges clamped and two edges are free

fltx:-%rmdé u=ws=y= w=0
Fig. 2 shows the meshed plate. Four edges of plate have divided into ten parts disregarding the
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crack size.
Buckling in this paper , ANSYS program version 9 has been used .Behavior of anti

symmetrically stacked hybrid composite plate is shown in Fig.3. In this figure. T/Ty ratio is used
instead of buckling temperature and 2C/L ratio is used instead of crack length C. Here T, repre-
sents the buckling temperature of hybrid plate without crack. Thus graph is plotted by using
dimensionless axes. It can be seen that when the crack inclination angle ¢ = 90° and ¢ = 60° T/T)

ratio decreases while crack length increases. The case of ¢ = 30° and ¢ = 0° T/T, ratio increases

while crack length increases. If inclination angle decreases, the buckling temperature or T/Tg ratio
decreases. For larger values of crack length, the difference between temperatures for different
inclination angles increase. These results show that buckling temperature is effected by both crack
length and inclination angle.
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Fig.3.Effect of crack size and position on buckling temperature of antisymmetrically stacked
hybrid composites plate.

The buckling behavior of symmetrically stacked hybrid plate is shown in Fig. 4.

Fig. 3 shows that, the buckling temperature is depending on crack length and crack inclination
angle. But T/To ratio in symmetrically stacked plate is greater than antisymmetrically stacked one
for fixed crack length and inclination angle. This result shows that the buckling temperature and
consequently the buckling resistance of symmetrically stacked hybrid plate is greater than that of
antisymmetrically stacked hybrid plates.

The relationship between crack size and buckling temperature is shown in Figs. 5 and 6.
Buckling temperature is plotted with respect to crack size for various inclination angels of
antisymmetrically stacked E-Glass/epoxy platesin Fig. 5. The smallest T/TO ratios are obtained
for crack inclination angle of ¢ = 90°. On the other hand, it is concluded that, the effect of cracks

upon buckling temperature become clear as the crack length increases. Though this behavior is
similar for all crack inclination angles, for small inclination angles, this behavior can be seen
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Fig.6.Variation of bucking temperatures of symmetrically stacked E-galss/epoxy plate

The first buckled mode shapes generated glass/epoxy cross-ply laminated plates with inclined
crack are shown in Figs. 7 and 8. It is found that critical temperature for crack angle of 0°is 26,284

°C. for crack angle of 60° is 20,851 °C. for crack angle of 90° is 17,148 °C and critical
temperature for plate without crack is 24,572 °C, respectively. The mode shapes presented in Figs.
7 and 8 show considerable skewing for the laminated plates
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2 h

Fig.7.Bukled mode shape of hybrid plate with: (a) crack angle of 0%;(b)crack angle of 60°

Fig.8.Bukled mode shape of hybrid plate: (a) with crack angle of 90°;(b)without crack

CONCLUSIONS

1.

Following are the main summarized conclusions drawn from this paper are considered:
Thermal buckling behaviours of cross-ply laminated hybrid plates with inclined crack
have been examined by employing the first-order shear deformation theory and finite
lement technique.Both symmetric and antisymmetric lay-up sequence are considered.

. Because of absence of bending-extension coupling, symmetric cross-ply E-glass/epoxy

laminates does not yield the highest buckling resistance as expected. Effect of crack
upon thermal buckling is minimum while crack inclination angle is 90°.

. As the crack length increases, this effect becomes clear. Effect of cracks upon thermal

buckling for hybrid laminated composite plate and E-glass/epoxy laminates are
different.

. Effect of' crack upon thermal buckling for antisymmetrically stacked hybrid laminates

is neative while cracks cause positive effect on symmetrically stacked hybrid plates and
effect of cracks upon thermal buckling for antisymmetrically stacked E-glass/epoxy
laminates is positive while cracks cause negative effect on symmetrically stacked E-
glass/epoxy plates.

. The buckling temperature is affected the larger crack length more than the small crack

length as shown in Figs. 3-6. For small crack length the high temperature or high thermal
stresses can be supported by the imperforated section of the plate. This result can be
seen for every perforation angles in Figs. 3-6. T/ T rates converge the "1" for small
perforations at al plates.

. Another result is that buckling temperature of the plate for every perforation angel is

to increase while crack length is increasing. This result is expected. Because the higher
temperature needs for reaching the same stress level for buckling when the perforation is
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bigger. If the crack length is great, that means that stressed cross section is fewer so this
cross section must be heated much more than when the imperforated section is higher.
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ABSTRACT

In thispaper , atheoretical and experimental analysis of harmonic currents generated by 6-pulse
, &ldc converter with the use of ac voltage regulator is presented. The theoretica analysisis simulated
using Fourier series analysis and Fast Fourier Transform ( FFT ) algorithm . The smulated analysisis
validated with experimental results from 3-phase , 6-pulse , bridge converter rated a 4.2 Kw and
connected to the 400 V , 50 Hz , ac power supply through a 3-phase , ac voltage regulator . The
influence of dc load inductance on the ac harmonic current amplitudes is also eva uated.
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INTRODUCTION

In the last 20 years, the static power converters are widely used in the industry for a variety of
purposes such as, dc power supplies, adjustable speed drivers, uninterruptible power supplies, and high
power induction heating equipment [J. Arrillaga et a,1997]. These converters draw nonsinusoidal
(distorted) current from the main supply and act as asource of harmonics. Harmonics can be defined as
“asinusoidal component of a periodic wave or quantity having afrequency that is an integral multiple
of the fundamental frequency”’[ IEEE standard 519 , 1993] .The harmonics for a 6-pulse converter, 50
Hz fundamenta frequency are the fifth (250 Hz), the seventh (350 Hz), the eleventh (550 Hz)...etc.
The main sources of harmonics are rectifiers and arc furnaces. The power system problems, such as
excessive losses and heating in motors and transformers, resonance, solid-state device malfunctions,
metering and instruments error, and communication interference can be the direct result of the
harmonics [J. S. Subjak et a ,1990 ; R. D. Henderson et a , 1994].Designers of industrial electrical
plants are often requested to face the problem of elimination of harmonic currents injected by AC/DC
converters. AC filters are a common solution for reduction of harmonic currents, but their design
requires estimated of the harmonic currents injected in the ac supply system by converters. Estimation
of harmonic currents are used to quantify the distortion in voltage and current waveforms and to
determine whether resonant condition exist and how they might be reduced [Task Force, 1996].

This paper deals with the study of 3-phase , 6-pulse , AC\DC converter with the use of ac voltage
regulator as a source of harmonics currents . The harmonic currents are analyzed theoreticaly and
experimentally, and the effect of dc load inductance on their amplitudesis also evaluated.

HARMONICS PRODUCED BY AC\DC CONVERTERS

The supply line current drawn by a 6-pulse , AC\DC converter , ( assuming resistive load and
delta\star transformer ), is shown in Fig.1. The Fourier series andysis of such waveform can shown to
be:

5.739 > |
I (wt) = —Tdm [sin( wt)+ 0.2263 sin (bwt)- 0.1131 sin (7w t) + 0.0909 sin (11wt) (1)
p.

- 0.065 sin (13w t) + 0.0567 sin (17 wt)- 0.0454 sin (19w t) - ... ]
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Fig.1 Supply line current wavefor m of 6-pulse ac\dc converter.

Therefore, the supply line current doesn’t contain the even and triple harmonics and only contains
aharmonic of order:

h=6kml (2)

In genera, aconverter of pulse number (q) generates ac current harmonics of order:

h=oqgkmi (3)

The harmonics produced by a 6-pulse , AC\DC converter will be the 5’th, 7°th , 11°th, 13’th, 17°th ,
19’th ,... etc . For a 12-pulse converter the harmonics will be of order 11°’th , 13’th , 23’th , 25’th ,
...€etc. In practice , due to unbalance in the 3-phase supply voltages and firing circuits, some of small
triple uncharacteristic harmonics of order ( h=q.k-3) are appearsin the system .

MODELING AND ANALYSISOF AC\DC CONVERTER

3-phase, 6-pulse, AC\DC converters are considered the most important and practical in power
electronics universe. Connecting adiode rectifier to an ac voltage regulator , through atransformer to a
low voltage network (i.e. 0.4 Kv ) asshown in Fig.2 , is recommended to supply high dc current , low
dc voltage ( with dc power up to 150 Kw ) [Mohammed A. Abdulsada, 1999 ; V. Subrahmanyam ,
1997]. This alow the thyristors to control the lower primary current , which results in ssmpler more
economical power circulit.
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Fig.2 Circuit configuration of ac voltage regulator with 3-phase bridge rectifier.

To facilitate the analysis and operation of AC\DC converter model , the following assumptions
can be made [J. Arrillaga, et a , 1997]:
i. The three-phase supply voltage are balanced and of sinusoidal waveforms.
ii. The thyristors are fired a equa timeintervals, that is, at a constant delay angle.
iii. The supply leakage inductance is neglected.
iv. Theload is assumed to be pure resistive and the effect of inductive load is considered in section
(V1).
The operation of this model of AC\DC converter is depends on the firing angle valuesG. K.
Dubey, 1996]. On varying the firing angle o. from 0° to 30° as measured from zero transit of the phase
voltage, thereis no control on the thyristors conduction . The thyristors start to be controlled fully after

wt :BG of the transit of the phase voltage. During this period , the transformer is subjected to balance 3-

phase supply voltages. At any instance of time, two diodes conduct one in the positive half and the
other in the negative one. Fig.3 shows the waveforms of dc output voltage and supply ( primary ) line
current ia(wt) for this range of firing angle .
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For therange of a , 30° £a £60°, there are certain periods when three thyristors conduct and another
when two thyristors conduct simultaneously. The relative duration of these periods depend on the value
of o . When T, fired a o, Ts& Tg conduct along with it and the transformer is subjected to balance 3-

phase supply voltages. At t = P, Tsis switched off as its phase voltage ( V) or current reaches zero,
3

but T, and Tecontinue to conduct , the transformer operates on single phase supply and this occursin
therange P £\t £a +P . During this period the voltage across phase C of delta connecting winding is
3 3

equal to the line voltage Vac whilst that across each of two other phases is equa to (1\2) Vac . At
wt=a +% , T2isfired and the transformer revertsto 3-phase operation with T; Tg¢& T, conducting till

Wt = z%when Te Stops conduction as its current becomes zero. In the range %p Ewtfa +2?p Tiand T,

conduct making the transformer operates on single phase supply again . At yt=a +2, T3 gets

positive voltage and start conduction with a firing pulse and the transformer reverts to 3-phase
operation with T, Toand Tsthis continues till wt =p where T, stops conduction. The next negative

half cycle begins from wt=a +p and the sequence of alternative two-thyristors and three-thyristors
conduction is repeated for the rest of the cycle, for example; T, Tzand T,conducting for the range
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a+p £Wt£%, Tsand T, conducting the range %&Nwa +%, and so on. Fig.4.a illustrates the

waveforms of the line-to-line voltages ( heavy line ) supplied to the transformer for firing angle 45°.
It may be noted that the period during which three-thyristors conduct simultaneously decrease as the
firing angle is retarded and when the firing angle is 60° or more three-thyristors simultaneous
conduction ceases.

Fig.4.b and Fig.4.c show the waveforms for firing angles of 60°and 90°. In this case, when T

isfired a a , Tsisturned off simultaneously and T; and Testart conducting. When Tisfired at p later,
3

Te is turn off and the current flow through Ty and To. At wi=a+2, Tais fired but T, stops
3

conduction, therefore T, and T3 conduct . The sequence of aternate two-thyristors conduction is
repeated during each P period. This operation of the circuit extends over the firing angle range from
3

60°to 90°.
For the range of firing angle greater than 90°, discontinuous conduction occurs. Fig.4.d shows the
waveforms corresponding to afiring angle 120° At instant of o, firing pulses are applied to T, and T,

thereby initiating a flow of current through the supply linesA and C . At \t=4 +P. , T1isfired once
3

again with T,. Similar operation is repeated in the other two phases during the rest of the cycle. This
mode of operation describes the operation of firing angles from 90°to 150° or more , no current will be
delivered to the transformer because each time two thyristors are firing and they block the reverse
voltages. Thus, complete control of voltage is obtained within afiring angle range 0°to 150°.

If the transformer hasa T turns ratio , then the voltage waveforms shown in Fig.4 will be transformed
to the secondary side divided by T , it may be noted that the dc output voltage is not affected by
varying the control angle from zero to 30°; it changes at firing angle greater than 30°. Fig.5 shows the
waveforms dc output voltage for different firing angles.

2878



@ Number 3 Volume 14 September 2008 Jour nal of Engineering

Jakn e - - . .
M:_: 'ﬂ.'!.:"} \[\f{: VR
-
Lel
= i
- +/6En
BC VBC
VALR
VBA] VAL r\\ VRA2
_/_J : I.—//
-
o &
o VC
Wi ian “\ﬁcu-: VBA2
\_/L-//I
m
—e

_/

W3 23w w3 Smd 2w T~ T . S TR
= 51 Y
TeL
(a) (b)

JEEn oL

rm\MJ\\:jEf\M veBR VACH VOIS
A
e B T
JEEn
VBC ' VBT
I‘\\l\\q\ifiﬁn YALC2 YBAN
: I~ [~
T L T
/M' i1 i L” V w i
YOA VIR
O w10 R me

ol s |

o3 3 x4 Sw3  2x o S T R i
n=90" a=120°
(c) (d)

Fig.4 Primary line voltage for different firing angles.
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Both the load current and the secondary line current are made up of parts of sinusoids. The supply line
current (1a) , Which equal to the difference of appropriate of two delta currents, and the secondary
line currents waveforms are shown in Fig.6 for different firing angles.
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Fig.5 Instantaneous output dc voltage for different firing angles.
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SIMULATION AND EXPERIMENTAL RESULTS

The harmonic current magnitudes are evaluated using two methods; Fourier series ( FS)
decomposition and Fast Fourier Transform ( FFT ).The FFT method described the current waveformin
the time domain and can easily be performed via computer software to arrive at the constituent
harmonics. The MatLap software is used to compute the FFT of the supply line current and the
complete data vector input takes exactly one period to sample. The sampling rate is taken to be 180
sample per complete period (i. e. 180 sample\ 20 msec. )| Mohammed A. Abdulsada, 1999].

A 3-phase, 6-pulse, 4.2 Kw is assembled and connected to 0.4 Kv power supply through a 3-phase,
ac voltage regulator. A 5 KVA , deltalstar transformer of 19 turns ratio ( step down ) is used and the
load isapureresistive of 0.15 Q . Fig.7 shows the experimental waveform of the dc output voltage for

different firing angle
ﬁ time (2 msfdiv.)

a=0"

_ time {2 msfdiv.)

o=

- tirne (2 msfdiv.)
p—

time (2 ms'div.}

Ed{10V/ div)

Ed (10 V/div,

a=120"

Fig.7 Experimental wavefor msof output dc voltages.
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Fig.8 shows the experimental waveform of the supply line current and the corresponding frequency
spectrum .A comparison of the supply line current harmonics computed by the two simulation methods
(FSand FFT ) and the experimenta resultsis shown in Fig.9 . The harmonics computed theoretically
by the two methods are seen to be very close to each other ( approximately equal ). There is of slight
difference between the theoretical and experimental results of the supply line current harmonics
because the theoretical results of the AC\DC converter are never fulfilled exactly in the practice.

[h (0.84 /v,

woe=0" Time (5 ms/div.y w=0" Frequency (0.1 kHz'div.)

Time {2 ms'div.) Frequency (0.1 kHz/div.)

1A (4A / div,
Ih (0.44 / div.)

oa=90" Time (2 ms/div.} c=90" Frequency (.1 kHz'div.)

(& >

a=120 Time {2 msdiv.) o=120" Frequency (0.1 kHe/div.)

IA (2A/div.)

Fig.8 Experimental wavefor ms of the supply line current and
corresponding frequency spectrum.
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Fig. 9 Continued

EFFECT OF DC INDUCTIVE LOAD

If the load on the dc side includes a large series inductance ( infinite inductance ) then the load
current approaches the waveform of pure dc level [V. Subrahmanyam ,1997]. If the supply leakage
inductance remains negligible, the supply line current is free from ripple and the waveform with
uncontrolled region (i.e. a £30° ) will be as shown in Fig.10. The Fourier series of such waveform

can be shown to be:
i(wt) = %gsin (wt) +%sin (5wt)- %sjn (7Twt) - %sjn (11w t) +%sin (13w t) 4

+isin 17wt)- isjn (SN1OW L) - e e
17 19

The harmonic current magnitudes relative to the uncontrolled fundamental component with zero
and infinite dc inductance are givenin Table .1.
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Fig. 10 supply line current with infinite dc inductance.

Table 1 Ac harmonics currentswith zero and infinite dc inductance conditions.

Magnitude of
Order of ) Difference
) harmonic current
Harmonics (%)
La=o La=o0
1 1 1 0
5 0.226 0.200 13
7 0.113 0.143 21
11 0.091 0.091 0
13 0.065 0.077 16
17 0.0567 0.0588 4
19 0.0454 0.0526 14

From Table.1 , it may be seen that the fundamental component ( I1,) isthe same, the ( 15\ 13,) is
decreased from 0.226 to 0.2, ( 111\ 110) IS @pproximately the same , this due to the fact that the 11’th
harmonic current amplitude is scarily relative to ripple , whilst all other harmonics are increased to
some extent .Table2 gives the experimental values of harmonic currents as a percentage of
fundamental (i.e. (In\ l10).Fig.11 shows the experimental waveforms of the supply line current and
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corresponding frequency spectrum for different firing angles when a ( 0.1 ) mH inductive chock is
connected in series with the resistive load.

Table 2 Experimental values of harmonic currents as a percentage of fundamental ( In\ 10 o )

har monic currentsasa percentage of |, ( % )
u <30°| 40° | s50° || 60° | 70° | 80° | 90° | 100° | 110° || 120° || 130° | 150°
Order
5 1684 [ 9447 [ 1157 [ 1526 [ 1473 [ 1368 [ 1157 | 100 | 726 [ 368 [ 157 | ©
7 1052 | 894 | 789 | 473 | 294 | 289 | 389 | 473 | 473 | 289 | 147 | ©
11 842 | 631 | 305 | 526 | 452 | 400 | 336 | 168 | 1.36 [ 1894 | 136 | O
13 482 | 421 | 421 | 263 | 126 | 0842 | 157 | 1.89 | 0526 | 105 | 1.00 | O
17 45 | 315 | 157 | 8 | 263 | 21 | 173 | 0631 |1315| 026 | 100 | O
19 236 | 184 | 236 | 1.89 | 1.00 | 052 | 084 | 0578 | 0.789 | 026 | 0.789 | O
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Fig. 11 Experimental waveforms of the supply line current and corresponding

frequency spectrum for an inductance in series with resistive load.
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CONCLUSION

In this paper , the harmonic currents produced by 3-phase , 6-pulse , ACIDC converter with the
use of ac voltage regulator at the supply side are anayzed theoreticaly and experimentally. The
theoretical analysis is simulated using Fourier series analysis and Fast Fourier Transform ( FFT )
algorithm . A 4.2 Kw, (26 v\ 162 A ) 3-phase, AC|DC converter is assembled and the experimental
measurements of harmonic currents were carried out . The dominant harmonics in the supply line
current are found to be the first two odd harmonics ( 5\th and 7°th ) and the harmonics components in
practice are some how less than the theoretical because of commutation effect . The effect of inserting
a0.1 mH inductive chock in serieswith the resistive load is evaluated . The maximum reduction in the
harmonic currents is achieved a a £90° The model of ACIDC converter ,which considered in this

paper , is preferable to be used at low voltage level network to produce low dc voltage, high dc current
. This dlow the thyristors to control the lower primary current , which results in simpler more
economical power circulit.
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LIST OF SYMBOLS

a =Firing angle.

E, = ac supply line-to-neutral voltage (rms).

Em = secondary line-to-neutral voltage (maximum).

h = order of harmonic.

i (w t) = Instantaneous supply current.

lq = Average value of dc load current.

lam = crest value of dc load current.

o = fundamental component of I, assuming zero phase control.
K =Integer no., 1,2 .3, ...

L4 = Inductance of the dc reactor.

g = converter pulse number.

T = Transformer turnsratio.

Va, Vi, V¢ = Instantaneous line-to-neutral 3-phase supply voltages.

Vg, Vse, Vac = Instantaneous line-to-line 3-phase supply voltages.
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ABSTRACT

A fuzzy recognition model for some handwritten Arabic alphabet is designed.
This fuzzy model could be envisaged as an algorithm which is structured over two
concepts. First; the handwritten character variation is modeled by the fuzziness of the
feature vector's elements. Second; the notion of entropy is fuzzily modified to extract
the amount of information in the elements within the feature vector so as to speed up
the recognition process. Consequently, a fuzzy recognition graph of the optimum
paths decision tree is designed for the handwritten Arabic alphabet character's recog-
nition.
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INTRODUCTION

The task of handwritten characters recognition demands a powerful approach
taking into considerations the unpredictable variation in handwritten characters which
are unbounded due to the subjective style of each individual. Although some
conventional approaches [1] [2] [3] [4] [5] [6] are already developed since 1990,
others utilizing the advances within the digital recognition technology to approach the
Arabic script pattern recognition [12][13][14][15][16][17][18][19][20][21][27], and
some fuzzy approaches are recently reported by Abuhaiba groups [7], [8], however
this research utilizes an alternative optimum fuzzy path seeking recognition
approach.

Each character is written inside a square frame with sixteen radial axes drawn
from its center, the number of intersections made by any character with the radial axes
will be considered as the elements of its feature vector. However, the amount of
information per any ray is extracted from the feature's vagueness (fuzziness) by an
index of fuzziness, and the maximum information per ray will be the criterion for the
design of the decision tree graph.

An experiment, on some handwritten Arabic alphabet, is conducted. The
designing data of 56- characters see fig. (1), are fully recognized.

Pl /17| 2]
Pl || || )
Pl ola] = g | 2 2]
sl el v |~ Tl
iR P AT R
P R

Fig.(1): The Alphabet characters designing samples are to be recognized by the
fuzzy model, e.g. if you see the sample X within one of the fuzzy
recognition tree graphs then it means sample number 5 from the Xy entity.
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A FUZZY RECOGNITION MODEL:

The handwritten Arabic alphabet recognition technique, in this paper, is a
fuzzy entropic recognition approach which can be formally described by the follow-
ing fuzzy model. Let the handwritten characters be of (n) distinguishable entities;

X={x/"x" 3" x)" Y (1)

Where; the superscript (m) is the sample's number for each entity (i.e., a handwritten
character class). See appendix (1). Practically, this handwritten character, X, can be
attributed as a feature vector, y, of sixteen elements. Each one of them is the intersec-
tion number with the sixteen radial axes drawn from the center of a square frame on
which the character was scripted;

Y={yi" 2y e ¥n b e )

These elements of the feature vector are of no-crossing, single-crossing, double-
crossing and triple-crossing feature(s);

Yo' =Ly @;r=12, .16} 3)
Where, r; is the radial axis ray number.

Formally, a fuzzy subset, F, from the feature vector, y, is established to simu-
late the vagueness of the linguistic expression "that handwritten character is almost
the entity x,";

WE () y (1) = [0, 1] veeenn. (4)

Where pr (r) is the grade of membership value of the r'™ feature. Subjectively, this
grade of membership function is the n- function [9] [11], since it reflects the context
suitability. The membership function's independent variable is the crossing point dis-
tance from one of the ray ending (the smallest distance). Thus the fuzzy subset, F, is a
set of ordered pairs;

F={(ya" (), pup(r));r=12,...16} ............ (5)

Notably, a unity grade of membership value is assigned to the no-crossing feature
since it carries the largest amount of vague belonging to which entity.

The compound grade of membership value for a k- crossing feature, here the
highest value of k is three, is evaluated as follows:

pe (r) =min [pg (r, 1), pe (1, 2), ,... pp (K] oo (6)

That is because the amount of information revealed by a certain ray is depend-
ing on the elimination of the feature vagueness (fuzziness). Thus an index of fuzziness
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which provides a measure of the amount of information in a certain ray may be one of
the following fuzzy entropies;

Di( pe(r))= -izzl [ue (1, 1) loge pr (T, 1)

+ Upe (1, 1) loge ppe (1, 1)] oeveneennt (7)

m

Dy (e, Py =-2 [wr (r, ) P(r, 1) loge e (r, 1) P(r, 1)

+ur(r, 1) P(r, 1) loge ppe(r, 1) P(r, 1)] ............ ()

Where;
m; is the number of the designing handwritten samples.
ug (r, i); is the grade of the membership value in the fuzzy subset, F, for the r™
ray's feature from the i sample.
U (1, 1) = 1- pg (1, 1).
P(r, 1); is the probability of occurrence of a feature in the rth ray in a sample space
of the m samples.

Both formulae are an indication for the amount of information per ray so that
the index of uncertainty in the first formula is the fuzziness of the feature. While, in
equ (8), the randomness as well as the fuzziness of that feature is considered. How-
ever, both formulae satisfy some properties [9] [10] [11], such that the amount of in-
formation is zero as the fuzzy subset becomes a sharpened subset, that is the member-
ship value is either 0 or near 1.

The ray, o, with the largest amount of information is selected as a candidate
for the recognition of some handwritten alphabet which is characterized uniquely by
only one type of a feature;

D (ur (r0)) = lgr?sal)é [D(ur ()] cveenernnnn. 9)

We refer to the first formula for simplicity of representation. After selecting,
observing, and recognizing, there will be sets of different handwritten alphabet enti-
ties, each set is characterized by one type of a feature observed in the selected ray,
exclude that ray, separate these common — featured sets, and calculate the amount of
information for the remaining rays for each set;

M

D( pr(R))=-2 [ur (R, 1) loge pr (R, 1) + pre (R, 1) loge pre (R, D] ... (10)

i=1

Where;

M; is the number of the unrecognized character in a common featured set; M <m
R=1,2...r-s

s; 1s the number of the excluded rays.
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Then each set will have a ray with maximum information. It must be observed
first;

D ()= max_ [D(r R)] oo (11)

This process of calculating, selecting, observing, excluding, then again calcu-
lating will be continued until all of the alphabetic characters in the designing set
are recognized. Consequently, a decision tree graph of a hierarchically observed
rays so that there are optimum paths of rays observation for the recognition of an
unknown handwritten alphabetical characters.

EXPERMENT:

The handwritten alphabet sample was placed on a square frame. The designing
sets were 56-samples; six samples for each entity as shown above in fig. (1), and the
testing set were 144- samples; twelve samples for each entity.

After measuring the crossing point(s) distance(s) from one of the ray's ending
to determine its grade of membership value, we have tabulated the designing set as an
entity-ray number matrix, ( m x r ), where each element is a pair of feature and its
membership grade value, as in equ. (5).

Now, the amount of information per ray is revealed by the calculation of the
fuzzy entropy by equ. (7) or equ. (8). Therefore, there are two graphs of decision tree
as shown below in fig. (2) and fig. (3). Next as an example the decision tree graph of
fig (2) will be traced.
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LEGEND:
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gle-crossing feature as -------- , double-crossing feature - - -, triple-crossing feature =~

e  Numerals inside the boxes present a ray number.
e At each termination dot the recognized alphabet character(s) are stated as X,™ , where, m in-
dicates the handwritten sample version number, and n indicates the identity number.

Fig. (2): A Fuzzy Recognition Tree Graph is obtained by utilizing equ (7) as
the Fuzzy Entropy.

After calculating the fuzzy entropy, by equ (7), the 6™ ray has the maximum scalar
value so it must be scanned in the entity-ray number matrix, (56 x 16), for the
uniquely characterized entity by only one type of crossing. Accordingly, as shown in
fig (2), only two versions of the second entity and the whole of the fifth entity can be
recognized from the triple-crossing feature and the double-crossing feature, from that
ray, respectively. The remaining design samples are categorized into two common-
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feature set, where the no-crossing feature set is of sixteen samples and the single-
crossing feature set is of thirty-two samples. After excluding the 6™ ray, there will be
two entity-ray number matrices of (16 x 15) and (32 x 15). For each one of both cal-
culate the fuzzy entropy, select the ray with the maximum information, and scan it for
some uniquely featured alphabet and so on, until all of the designing data have been
classified as in fig (2). This decision tree graph is tested by twelve samples for each
entity, all of them are recognized except those of the second, third and fourth entities
which have some misclassification rate of 95%.

Start
Level 1
X%, X"
Level 2
Level 3
P S
X', X%, X End
) X49| X59, X69 X22 4 X32'
X52 5 X621
\ Level 4
X's, X5, X’s, X', X6, X6,
X', X5, X% X', X%, X’
LEGEND:
e  The doted lines are the intersections number primitives of No-crossing feature , Single-
crossing feature -------- , Double-crossing feature "- - -, and Triple-crossing feature =~

e  Numerals inside the boxes present a ray number.

® At each termination box the recognized alphabet character(s) are stated as X," , where, m in-
dicates the handwritten sample, and n indicates the identity number.

Fig. (3): A Fuzzy Recognition tree Graph is obtained by utilizing equ (8) as
Fuzzy Entropy.

HANDWRITTEN RECOGNITION MODELS COMPARTION

This paper presents an off-line ARABIC alphabet handwritten recognition
model of 100% recognition rate for the designed handwritten sample sets and a rec-
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ognition rate of 95% for the randomly ARABIC handwritten testing set. This highly
success recognition rate is due to that the recognition model is mathematically repre-
senting the subjectivity (fuzzy) and the objectivity (probability) of the ARABIC
handwritten alphabet.

Margner and EIl Abed [27][28] compared 14 Arabic handwritten recognition model
based on the INF/ENIT- database. Consequently, the higher recognition rate was by
the SIEMENS recognition model of (94.58%). The Hidden-Markov Recognizer is the
recognition engine utilized by the SIEMENS model. This technique was originally
developed in 1993 in which a feature vector is created by a sliding window, then de-
coded and recognized by a multiple left-to-right models. During the past four decade
this model had been in a series of improvements till the above mentioned recognition
rate is successfully reached.

Amin [4] designed a handwritten letter recognition model by utilizing a skeleton-base
graph representation. The feature vectors were fed into a five-layer neural network
which yield a (92%) recognition rate.

Mostafa and Darwish [4] created a baseline-independent algorithm to segment hand-
written words into letters and primitives utilizing the chain code representation to suc-
cessfully achieve a (97.7%) recognition rate.

CONCLUSION

A fuzzy entropy algorithm is designed for the computer recognition of any
handwritten Arabic alphabet characters. In the sequel, a decision tree graph can even-
tually be translated into a fuzzy algorithm consisting of a set of rules in the form; "If
... then". So that the ray's feature is observed, and either a handwritten recognized
character is obtained or another ray's feature is to be observed.

This fuzzy recognition tree is a computer fuzzy algorithm of significant bene-
fit to be further extended for future Arabic handwritten scripts recognition work of
bank checks, mail addresses, forms, and manuscripts [22][23]. Additionally related
applications to man-machine communication[27], includes mobile phone screen
handwritten script text to be handwritten via a stylus, or a robotic optical character
recognition for handwritten messaging, which assist in the automatic processing of
handwritten documents / messaging, web-based translation [24], search engines [25],
and information retrieval [26].
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ABSTRACT

A laboratory-scale experiment was carried out to estimate the influence of temperature
fluctuation on thermophilic anaerobic digestion of municipal organic waste (MOW). Heating
fallure was simulated by decreasing temperature gradualy from 55 °C to 20 °C gradually 2 h
time need for temperature decrease and recovery. Under conditions of 8.0 ¢/ (L-d) and 15 d
respectively for MOW load and retention time. Following results were found: (1) biogas
production almost stopped and VFA (Volatile Fatty Acid) accumulated rapidly when
accompanied by pH decrease. (2) With low temperature (20°C) duration of 1, 5, 12 and 24 h, the
thermophilic anaerobic digestion system reproduce methane after temperature fluctuation of 3,
11, 56 and 72 h. (3) The bacteria was influenced by the temperature fluctuation where it decayed,
hydrolysis, acidification was high as the low temperature interval lasted. (4) The thermophilic
microorganisms were highly flexible to temperature fluctuation.

KEY WORDS

Temperature fluctuation, Low temperature duration, Thermophilic anaerobic digestion,
Municipal organic waste.
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INTRODUCTION

The use of anaerobic process to treat municipal organic waste (MOW) has dramatically
increased recently. Anaerobic digestion can be carried out under environment Psychrophilic
(<25 °C), mesophilic (25~45 °C) and thermophilic (>45 °C) conditions (EI-Mashad et a., 2004).
Thermophilic digestion has many advantages such as higher metabolic rate and higher
conseguent specific growth rate compared with mesophilic digestion, although the thermophilic
bacteria death rate is higher (Duran and Speece, 1997). Most of pathogens bacteria are destroyed
in the thermophilic anaerobic process (such as feca coliform, samonella and enterococcus in
sewage sludge through thermophilic anaerobic digestion (Watanabe et a., 1997). Samonella and
Mycobacterium paratuberculoss were inactivated within 24 h under thermophilic conditions,
while weeks or even months were needed under mesophilic conditions (Sahlstrom, 2003). Thisis
an important criterion for the municipal organic waste treatment where the effluent can be used
as asoil conditioner or fertilizer. However, thermophilic treatment also has some disadvantages.
Such that it is not so stable and produces low qudity effluent compared with mesophilic process
(Duran and Speece, 1997). Moreover, thermophilic anaerobic digestion is bacterized by more
toxicity and susceptible to variations in operationa and environmental conditions, such as
temperature fluctuation. The above results were obtained from experiments conducted in a
complete mixed system which was relatively more sensitive at any temperature range (Peck et
al., 1986). The results of Ahring et a. (2001) showed that the operational temperature increasing
from 55 °C to 65 °C unbalances the fermenting, acids-producing micro - organisms and acids-
consuming micro-organisms. Another disadvantage less net energy was produced from
thermophilic digestion compared with the mesophilic digestion. Digestion performance was
adversely affected by both gradually temperature increase and decrease (Ahn and Forster, 2002).
Along with sudden temperature variation, there were some increase in concentrations of all the
(volatile fatty acids VFAS) (acetate and propionate), especially acetic and propionic acid
(Dohanyos et al., 1985). The extent of influences depended both on the magnitude of
temperature variation and durability of bacterial in activated sludge (El-Mashad et al., 2004). If
temperature was beyond the durability of bacteria, their death rate would exceed growth rate and
consequently result in a decrease of the reactor removal capacity (Visser et a., 1993). Van Lier
et a.(1996). Observed that large-scale thermophilic anaerobic installations, such as UASB (up-
flow anaerobic sludge bed) reactors, can tolerate moderate temperature fluctuation due to the
substrate transfer limitation by granulation of immobilized sludge. This work aimed at
investigating the influence of gradualy temperature fluctuation on thermophilic anaerobic
digestion of MOW. The parameters such as biogas production, CH4 content, pH, VFA and
acetate and propionate were researched in this study.

METHODSAND MATERIALS
Experimental setup

Four experiments were carried out simultaneously. Every experiment had two reactors in order to
obtain the results expressed as mean values. The operating temperature was decreased from 55
°C to 20°C (approx. room temperature), and was returned to 55°C within 2 h. And low
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temperature (20°C) durations lasted for 1, 5, 12 and 24 h respectively. The experiment
parameters measured were biogas production, methane content, pH and VFAs. Which were
measured every 1~5 h during the experiments duration. The organic load was 8.0 g/(L-d) (as
volatile solid) and duration time of 15 d were chosen for each test. The gas production was
monitored with water displacement in a gas collector. The water in the gas collector was
acidified with thin sulfuric acid and saturated with NaCl to prevent CO, from dissolving in the
biogas.

DIGESTER

Eight |aboratory-scale glass digesters with volume of 2 L as shown in Fig.1 were used. The
flasks were closed with rubber stoppers equipped with glass tubes for gas remova and
effluent/influent flow. The reactor temperature was regulated by controlling water temperature in
a water bath where the reactor was placed and maintained within £1°C in a steady state,
assuming to have stable biogas yield, pH, VFA and reactor temperature. The digesters were
stirred by hand for 5 min before and after feeding with organic sludge otherwise the digesters
were unstirred.

Gas out

Influent ﬁ» Effluent

Fig.1 Schematic diagram of the reactor used
FEEDSTOCK
The digesters were fed daily with hand sorted municipal organic waste (like leaving foods)
(MOW), and inoculated with sludge from septic-tank. The waste was transported to |aboratory
and mixed. The total solid (TS) and volatile solid (VS) were 15.5% and 88.6% respectively, and
pH values were 7.1~7.3.

Table 1: Characteristicsof MOW after pretreatment of digester feed material
Component Food waste Paper Inorganic Others Total

Content (wt%) 86.2 75 39 24 100
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ANALYSIS

TS and VS concentrations were measured by the standard gravimetric techniques (Li, 2004).
Biogas in the gas collector was measured. The composition of biogas was measured by 1904 gas
analysis instrument. N, was used as the carrier gas at a flow rate of 90 ml/min. The tota VFA
was measured by the titration method (Lau, 1997). The composition of the VFA was analyzed by
a gas chromatography equipped with a flame ionization detector (FID) and a glass column, also
N,was carrier gas but at a flow rate of 40 ml/min.

RESULTSAND DISCUSSION
Biogas production variation

Figs.2a~2d shows the relative biogas production fluctuation at low temperature duration of 1,
5, 12 and 24 h respectively. The relative biogas production was determined from

Pr =Pt /Po X100 %

Pr: relative biogas production (%).
Pt: biogas yield after the temperature fluctuation (ml/g V Sagged)-
Po: biogas yield before the temperature fluctuation (ml/g V Sxided)-

When temperatures decreased repidly within 2 h from 55°C to 20°C, the relative biogas
production stopped (Fig.2). Biogas production was restored after the temperature increased.
Biogas production resumption time was longer with longer low temperature duration. The
production increased repidly then decreased when temperature was restored in the low
temperature duration of 12 h and 24 h.
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Fig.2 The biogas production fluctuation during (&) 1 h, (b) 5h, (c) 12hand (d) 24 h

The main content of biogas at beginning was CO, instead of CHy; there were two different
sources of CO,. One was produced by vaporization of dissolved CO, at low temperature during
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temperature increase (Peck et d., 1986). The other was presumably due to the rapid fermentation
and hydrolysis as the temperature increased. Vaporization of dissolved CO, was the main source.
After temperature was restored dissolved CO, decreased where methane production lagged the
temperature restoration time (Fig.3). The delay time of methane production was 4, 7, 55 and 75 h
respectively at low temperature duration of 1, 5, 12 and 24 h, which showed that longer low
temperature duration led to more decay of methanogenic bacteria. The delay in recovery was
presumably due to the slow degradation of relatively low methane-yielding cellulosic materials.
The cdlulytic bacteria had responded considerably more slowly to the rapid temperature rise
than some other digester bacteria (Peck et al., 1986). As cellulose is non-toxic, the only effect
was a delayed return to steady-state condition.
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Fig.3 Methane content fluctuation (a) during 1 hand 5 h, (b) during 12 h and 24 h
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PH VALUESVARIATION

Fig.4 shows pH values variation during experiments. pH was between 6.9 to 7.6 in al reactors
during low temperature period. These results differed from those reported by Lau and Fang
(2997), who showed that when UASB reactor was used to treat wastewater with organic load of
10 g COD/(L -d) and temperature decreased from 55°C to 37°C, pH decreased from 6.9~7.3 to
6.3 (Lau and Fang, 1997). pH vaues decrease could be attributed to the VFA accumulation
(Fig.5) and increase of dissolved CO, a low temperature pH values decreased more in the
reactor at long low temperature duration for 1 and 5 hr duration the pH decreased to 7.4 where at
24 hr duration it decreased to 7.0 as shown in fig. 4. When the temperature returned to 55°C and
low temperature durations were 12 and 24 h, the pH decreased further due to the further
accumulation of VFA. The relatively large resistance against pH variation was presumably due
to the buffering effect caused by CO, vaporization and increasng content of ammonia. The
solubility of CO, at 60°C was gpproximately half that at 35°C. Protein was degraded faster in
thermophilic anaerobic digestion than in mesophilic conditions which resulted in the increase of
ammonia (Speece, 2001). The aove conditions provided the akalinity for the digester. The
production of alkalinity by degradation of protein was as follows (Speece, 2001):

RCHNH-,COOH+2H,0—RCOOH+NH3+CO»+2H>
NH3+H,0+COs— NH4s+HCO3
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Fig.4 pH variationsin the experiments (a) during1 h and 5 h; (b) during 12 h and 24 h

VFA CHANGESIN THE EXPERIMENTS

Fig.5 shows that concentrations of total VFA, acetate and propionate increased immediately as
the temperature decreased in the thermophilic reactors and led to transient decrease of pH in the
digester (Fig.4). For example, when the temperature had decreased to 20 °C for 1 h,
concentrations of total VFA, acetic and propionic acid increased from 600, 400 and 140 mg/L to
4200, 3200 and 900 mg/L respectively. When the low temperature duration was 5, 12 and 24 h
respectively, VFA concentrations increased more than 1 h (Fig.5), which was partly due to the
addition of acids in the feed which were not metabolized due to decrease of metabolic activity at
the low temperature for 24 h. However, VFA variation was relative stable in later period 5, 12
and 24 h of low temperature duration. These results were in attributable to temperature
fluctuation which decreased the hydrolysis and fermentation activity. Different volatile fatty
acids increased to different extent suggests that the microorganisms have not all responded in an
identical manner to sudden temperature fluctuation, there was an unbalance of microorganisms
in the digester (Lau, 1997). Another reason was that acids were not removed at the same rate.
The propionate and butyrate decreased very slowly (Fig.5) because of the limitation of high
concentration of acetate and hydrogen partia pressure. Mosey (1982) presented mathematical
model to predict the different response of volatile fatty acids to shock treatment. This model
proposes that arise in hydrogen partia pressure will bring about higher rise in the concentration
of propionic acid than of acetic or butyric acid. Initial high accumulation of the level of volatile
fatty acids with simultaneous lower biogas yield, indicated that fermentation and methanogenic
consortia were severely affected by the temperature decrease under different low temperature
duration (Fig.5). When the temperature returned to normal level acetate was first acid to be
degraded, indicating that acetate degradation was highly influenced by temperature increase.
And acetate only accumulated for short period after resumption of operationa temperature
indicating that the microbial populations present in the reactor could take over the activity of the
acetate-utilizing methanogenic archaea (L au, 1997).
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Fig.5 Thetotal VFA and VFAsfluctuation during (&) 1 h, (b) 5h, (c) 12hand (d) 24 h

CONCLUSIONS
1. The experiment results showed that the biogas production aimost stopped and the tota

VFA, acetate and propionate were rapidly accumulated when temperature fluctuated. The pH
values reduced transiently. These parameters would be restored when the temperature returned to
normal operation levels though some of them lagged dramatically the recovery time.

2. The delay time of methane production were respectively 3, 11, 56 and 72 h at the different
low temperature durations which showed that the longer low temperature duration was the more
methane bacteriawould decay.

3. With longer duration at low temperature there would be much more delay for thermophilic
anaerobic digestion system to return to the steady state condition so the digester temperature
should be raised back to normal the operating temperature as soon as possible after a heating
fallure.

4. Thermophilic microorganisms appeared to be highly resilient temperature fluctuations in
the process.
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ABSTRACT

Water flowing through hollow fiber membrane comprises two types of flow each having its
own hydraulic characteristics. The first is the flow inside the fiber channel, and the second is the
flow through the fiber porous wall. Water flow through hollow fiber membrane, HFM, is unsteady
nonuniform flow due to the accumulation of rejected material on the fiber surface causing a change
in the hydraulic resistance along the fiber length with time. Under these conditions, a mathematical
model was developed to simulate water flow through hollow fiber membrane based upon the
equations governing the flow inside the fiber channel and through the fiber wall, equations
governing conditions imposed by flow boundaries, and implicit finite difference technique for
solving partial differential equations. The model was verified by using published laboratory
experimental data. A very good agreement was obtained between the measured and predicted
flowrate values under the same conditions.

The mathematical model was applied to three types of commercially available fiber modules
to investigate variation of flux, the transmembrane pressure, the thickness of the rejected materials
along the fiber length, the flowrate, and the effect of the pot length on the fiber hydraulic
performance. It was found there is considerable variation in the hydraulic performance of the three
types of fiber. Therefore, the mathematical model provides a tool to work on finding the optimal
design of the hollow fiber membrane.
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INTRODUCTION

Membranes technology represents an important new set of processes for drinking water
treatment. Hollow fiber membrane modules become one of the most popular membrane modules
used in industry and water treatment. Hollow fiber membrane modules are used in a variety of
membrane filtration processes. They typically consist of many fibers arranged in parallel as a
bundle in a shell tube and sealed with potting material at each end. Filtration can occur from the
outside of the fiber to the inside, or vice versa. Filtration in membrane processes occurs as a result
of driving force acting on the feed water.

Water flowing through hollow fiber membrane comprises two types of flow each having its
own hydraulic characteristics. The first is the flow inside the fiber channel, and the second is the
flow through the fiber wall.

The main objectives of this paper are to develop and verify a mathematical model to simulate
the unsteady flow through the hollow fiber membrane module, based on the equations governing
the flow inside the fiber channel, and Darcy’s formula, which is governing the flow through the
fiber wall, and to examine the hydraulic performance of some existing hollow fiber membrane
modules.

MATHEMATICAL MODEL

The mathematical simulation of unsteady flow through the hollow fiber membrane during
actual operation was developed based on the equations governing the flow through the fiber wall
and the fiber channel as described in the following sections.

Equations Governing Flow inside Hollow Fiber Membrane Channel
Flow of water inside hollow fiber membrane channel may be classified as one dimensional

unsteady nonuniform flow. Fig. 1 is a schematic longitudinal section along a flow segment through
hollow fiber membrane.

-
Fig. 1. A schematic longitudinal section along a fiber segment.

The equations governing such a flow are obtained by applying two physical principles,
namely conservation of mass and conservation of momentum, to the flow segment. The resulting



Number 3 Volume 14 September 2008 Jour nal of Engineering

equations are two quasi-linear partial differential equations. The derivation of these equations can
be found in reference such as,Chaudhary,1986 .These equations can be written as:

2 2

H
E.}.gﬂ__gs'na.pa_ﬂ_Q_a_qW:O (1)
t Afx A gAfXx OA
and
B+2B+ gAﬂ+ fQ|Q|+gq =0 (2)
1t A Tx x 2idA AV
In which

H = piezometric head, (L),

Q = flowrate, (L/T),

a = speed of the pressure wave, (L/T),

A= cross sectional area of fiber channel, (L?),

x = horizontal distance along fiber, (L),

t=time, (T),

a = angle of the fiber inclination with the horizontal coordinate,
aw= flux, lateral inflow rate per unit length of fiber, (L%T/L),
f = friction factor, (dimensionless),

id = inner diameter of the fiber, (L), and

g = gravitational acceleration, (L/T?).

In egs. (1) and (2), there are two independent variables, x and t, three dependent variables,
Q, H and gy Other variables, A and id, are characteristics of the fiber system and are time-
invariant.  Friction factor is assumed to vary with the Reynolds number, Re, and is evaluated
depending upon the flow type. The pressure wave speed in fiber is calculated according to fiber and
water properties. Assuming no gas bubbles or fluid vapor appear, the wave speed is considered not
to change during the unsteady state.

Equations Governing Flow through Fiber Wall and Rejected M aterial Layer
The flow of water through the fiber wall is a one dimensional unsteady flow. Darcy's law
can be used to estimate the flowrate through the fiber wall and the rejected materia layer. The
following smplified assumptions are usualy made in the model:
1. The medium forming the fiber wall is symmetric, i.e., it has a constant hydraulic conductivity,
2. The average size of the particle accumulation on the outer fiber surface is larger than the pore
size of the fiber, i.e., the membrane hydraulic conductivity does not change with time,
3. The regected material layer is incompressible; the porosity and hydraulic conductivity are
independent of the applied feed pressure,
4. The rgjected material layer is homogenous and has same hydraulic conductivity along the length
of the fiber,
5. Thergected material layer is uniform porous structure, and
6. The applied feed pressure is constant along the fiber and does not change with time.
The flow of water through a fiber segment of a unit length is governed by Darcy’s Law and can
be written in polar coordinate system as, Al Zubaidy, 2007:

H,- H 3
qWZZHKW—( 9 ):27rKW T™MP (3)

In(%) In(%)

In which
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Kw= hydraulic conductivity of the fiber wall, (L/T),
TMP= Transmembrane pressure head, (Ho-H), (L),
H= the head inside the fiber channel, (L),

Ho= the head outside the fiber, the applied head, (L),
ro= the fiber outer radius, (L), and

ri= the fiber inner radius, (L).

The hydraulic conductivity, K, is a measure of the ability of water to flow through a fiber
wall. It depends on the fluid and the fiber properties. During actua filtration process, the rejected
meaterials starts to accumulate on the fiber wall and over al K, starts to vary with time. Fig. (2)
shows a schematic cross section through a fiber wall and the rejected material layer; an equivalent
layer can be substituted for the fiber wall and the rejected material layer. The radial flowrate is the
same for the fiber wall and rejected material layer, the total TMP is equal to the sum of TMP of the

fiber wall and the rejected material layer, that is.

TMPgivaient layer = TMPiper wail + TMPrgiected material layer

Fiber Wall

Rejected Material Layer

Fig. (2). A schematic cross section through afiber wall and rejected material layer.

Substituting an expression for TMP from eqg. (3), eq. (4) may be written as:

awin(™)  guin(®) gy In()
ri ri ro
= +

27K 2K, 27K

€q

In which

ro: = the rejected material layer outer radius, (L),

K¢ = the rgected material hydraulic conductivity, (L/T), and
Keg= equivalent hydraulic conductivity, (L/T).

Rearranging eg. (5), an expression for an equivalent hydraulic conductivity may be written as:

(4)

(5)
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Eq. (3) may be written now as:

T™P ©)

Gu = 2PKeqg —
In(-2
f

The TMP in the above equation refers to the equivalent TMP of the rejected materials and
the fiber wall.

The rejected material layer outer radius is changing during the filtration process as the
rejected materials accumulated on the fiber surface. The variation of the rejected material layer
outer radius is mainly affected by particle concentration in the raw water, C, rejected material
density, pc, flux, and the filtration time increment, At. An expression for obtaining the new outer
radius of the rejected material layer after At of filtration was derived and is given by the expression:

ro" = J r® + &2 (8)
prg

SOLUTION PROCEDURE

The eguations governing the unsteady flow state conditions in a hollow fiber membrane,
egs. (1) and (2), are two quasi-linear, hyperbolic, partia differential equations. The numerical
smulation of the equations of unsteady flow described as follows. consder a nonuniform
rectangular grid on the x-t plane as shown in Fig. (3). The distances along the fiber are represented
by abscissas and ordinates represent times. Each point is identified by a subscript i which
designates the x-position and a superscript j for the timeline. The t-axis, were x=0, may be used as
the uestream fiber boundary location, and the last line drawn parallel to the t-axis, to be designated
the N line, can be used to represent the downstream boundary location.

t h

t+dt

y ij+1 ° i+1,j+1

Upstream Boundary
Downstream Boundary

-

i 1,

!

X x+dx

X

Fig. (3). Network of points on x, t-plane.

The space and time derivatives of a function F(x, t) in the intervals i, i+1 and j, j+1 can be
expressed as:
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In addition, the value of F(x, t) can be approximated by:
G i R RO GEL ) (11)

2

The weighing factor o is given a value between 0.5 and 1.0. A value 6=0.5 is known as the
"box" scheme, which is used in this study, while 6=1 is the fully implicit scheme.
Applying the approximation concepts given by egs. (9) to (11) to the derivative and non-
derivative terms in the unsteady flow, egs. (1) and (2), the finite difference formulations of the
continuity, Ci, and momentum, Mi, equations for node i becomes

Lol 4l - Qi+ @i+ iy + - a)QLQ)]
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Fig. (4) shows a schematic diagram of a fiber membrane insulted in an actua fiber
module. The pot distance, Ly IS required to seal the fibers by using a special sealant so that all the
flowrate of the module will be through the fiber wall and through the fiber channels along the
effective length of the fiber, L. The fiber has two outlets at both ends, which means the flow of
the fiber membrane module is symmetrical. Therefore, the flowrate calculations will be carried out
on one half and for the whole flow for the fiber is twice the calculated. In this paper, the
appropriate length for use in the model is half of the effective length that is L. The length, L is
divided into n-1 segments each has a length of Ax. Usually, the node numbering starts from the
upstream end down to the downstream end, e.g., node number 1 and number n refer to the nodes at
the upstream and downstream, respectively. Node number 1 is at the half of the effective length of
the fiber, node number nis at the open end.

Inegs. (12) and (13) all the terms associated with the j™ time line are known either from the
initial conditions or from previous computations. This system of nonlinear equations cannot be
solved directly since these four unknowns, H and Q at pointsi and i+1 on the j+1 time line, and
only two equations. However, if smilar equations are formed for each of the n-1 segments
between upstream and downstream boundaries, a total of 2N-2 equations with 2N unknowns are
obtained. Two auxiliary equations are needed to make the number of equations equal to the number
of unknowns which is obtained by the upstream and downstream boundary conditions. The
systems of nonlinear equations are solved by Newton-Raphson's iterative method.

Lineof Symmetry

[T T4 1]
nodenumber =1 2 3 4 n-1n

L
x=0 XEL
Upstream Down stream
~ Lpot Ltotal Lpot "

Fig. (4). A schematic diagram of a fiber membrane.

At the upstream boundary, x=0, the flowrate is equal to zero. At the downstream boundary,
x=L, the pressure is constant and is equal to atmospheric pressure. When considering the pot as a
part of the fiber, the equations governing the flow conditions through the pot channel are similar to
the equations governing the flow through the fiber length except the last terms of egs. (1) and (2),
representing the effects of lateral flow, are ignored.

In order to start the computations of flow, initial flow conditions are required. The initial
conditions can be obtained from computation of previous modeling process or it may be assumed
arbitrarily then adjusted by operation of unsteady state model with pure water. The solution will
converge rapidly, after few iterations in the first and second time steps and the correct results are
produced regardless of the values of the assumed initial conditions.

MATHEMATICAL MODEL VERIFICATION

The developed mathematical model was calibrated and verified by using published
laboratory experimental data to check the performance of the model and the validity of the
assumptions made. Laboratory experiments, presented by Al-Zubaidy, 2007, were selected for
verification, and were carried out on polypropylene, with inner and outer diameters of 0.39mm and
0.65mm, respectively. The fibers were divided into four sets each set consists of ten fibers. The
flowrate, under a constant head of 2m, of each set was measured with its initial length, and then the
flowrate is measured each once after reducing the length of the fibers.
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The data of the first set were used for calibrating the hydraulic conductivity of the
membrane with its initial length. 1t was found that the hydraulic conductivity coefficient of the
measuring sets is equal to 4.64* 10" °nvVsec and it gives a minimum sum of sgquares of relative errors
between predicted and measured flowrate.

For purpose of mathematical model operation, a distance increment of 1cm, weighing factor,
0, of 0.55, and a calculation tolerance limit of 0.0001 for both head and flowrate were used during
the runs. The mathematical model was used then to predict the flowrate values of the fibers sets by
just changing the fibers length. Fig. (5) shows a comparison between measured and mathematical
model predicted flowrate values for different lengths. A good agreement between the measured and
predicted flowrates values can be seen with a correlation coefficient value of 0.99.

20

—e— Predicted flowrate

18 W Measured flowrate, set no.(1,2)
= Measured flowrate, set no. (3,4)
16 B
14 -
12

10

Flowrate(ml/min)

1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50
Fiber length(cm)

Fig. (5). Comparison between measured and predicted flowrate of fibers with different lengths.

APPLICATION OF THE UNSTEADY FLOW MATHEMATICAL MODEL

The developed mathematical model being calibrated and verified was used to study the
hydraulic performance of the hollow fiber membrane. It was applied to investigate the hydraulic
performance of three selected existing commercia hollow fiber membrane modules having
different specifications under the conditions: the hollow fiber membrane is horizontal, the applied
head is 2m, and the hydraulic performance was studied in half of the effective length of the fiber.

Fouling analysis was performed assuming the water to be treated containing 0.25mg/l of
clay. The hydraulic conductivity coefficient of the clay is 10®m/sec and the specific gravity of the
clay is 1.49, Singh and Punmia, 1970.

First Hollow Fiber M embrane Module
The specifications of the first type hollow fiber membrane modules that were hydraulically
analyzed using the developed mathematical model are listed in Table (1).

Table (1). Specifications of the third hollow fiber membrane module.

Parameter Value
Fiber inner diameter, mm. 0.25
Fiber outer diameter, mm. 0.55
Number of fibers per module. 20 000
Effective fiber length, cm. 97
Pot length, cm. 10
Hydraulic conductivity coefficient of membrane, m/sec. | 2.32*10°
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Figs. (6) through (10) show the variation of the flux, transmembrane pressure head,
thickness of rejected materia layer along the fiber length with time, total fiber flowrate, and the
effect of the pot on the ends of the fiber on the total flowrate.. Initidly, the flux is nonuniform
distributed along the fiber; the flux is very high near the exit end of the fiber. The flux drops by
99.8% between the two ends of the fiber as a result of the TMP reduction due to high head loss
through the fiber’s channel. About 80% of the total flowrate is within the 1% 10cm. The
nonuniform flux distribution aong the fiber leads to a nonuniform distribution of the rejected
meaterial aong the fiber. A great reduction in the flux accured within the 8hrs of filtration, at the
exit the flux is reduced to 33% of itsinitial value. The total fiber flowrate is reduced about 50% of
itsinitial flowrate after 24hr of filtration. The flowrate tends to be high during the initial time, after
severa hours, it declines off drameatically, the flowrate at open end decline, which was defined as
(initial flowrate— final flowrate)/ initial flowrate, is about 38.4% during the first eight hours. Then
the flowrate at open end continues to decline, but at a much dower rate, the flowrate at open end
declines to 8.6%, and 5% for the second, and last eight hours, respectively. It was found when
using a pot at the end of the hollow fiber membrane; the flowrate at open end is reduced because of
a very high head loss through the pot length but difference decreases with the time as the flowrate
decreases. Initially the decrease is 58%, dropping to 43.2%, 41%, and 39.8% at t=8, 16, 24hrs,
respectively.

40
-e- t=0
35 —m- t=8hr
—— t=16 hr
30 [ —A— t=24hr
25
€
§ 20F
"E
® 15
Q
X
T 10F
5}
o -
5 L L L I L L I L L L I
o 4 8 12 16 20 24 28 32 36 40 a4 48

Distance(cm)

Fig. (6). Flux variation along the fiber with time of the first fiber module,
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Fig. (7). Variation of TMP along the fiber with time of the first fiber module.
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Fig. (8). Variation of the rejected material along the fiber with time of the first fiber module.
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Fig. (9). Variation of the total flowrate with time of the first fiber module.
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Fig. (10). Effect of pot on the variation of flowrate with time of the first fiber module.

Second Hollow Fiber M embrane Module
The hollow fiber membrane module specifications are listed in Table (2).

Table (2). Specifications of the second hollow fiber membrane module.

Parameter value
Fiber inner diameter, mm. 0.39
Fiber outer diameter, mm. 0.65
Number of fibers per module. 20 000
Effective fiber length, cm. 100
Pot length, cm. 3.5
Hydraulic conductivity coefficient of membrane, mvsec. |4.64* 10”

Fig.s (11) through (15) show the variation of the flux, transmembrane pressure head,
thickness of rejected materia layer along the fiber length with time, total fiber flowrate, and the
effect of the pot on the ends of the fiber on the total flowrate. Initialy, flux follow the same trend of
the first type of fiber but the flux drops by 61.5% between the ends of the fiber with less head losses
due to the inner diameter is larger then the first type of fibers.  The flux drop along the fiber is
48.6% of the t=8hr, dropping to 44.4%, 42.1% for 16 and 24 hrs respectively. The variation of
flowrate decline during the first eight hours is about 15.8% down to 7.4% and 4.9% for the second,
and last eight hours, respectively. It was found that the flowrate at open end is reduced through the
pot length but this decrease change with the time. Initially the decrease is 9.3, dropping to 7.2, 6.6,
and 6.2 at t=8, 16, 24 hrs, respectively.
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. (11). Flux variation along the fiber with time of second fiber module
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Fig. (12). Variation of TMP along the fiber with time of the second fiber module.
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Fig. (13). Variation of the rejected material along the fiber with time of the first fiber module.
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Fig. (14). Variation of the total flowrate with time of the second fiber module.
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Fig. (15). Effect of pot on the variation of flowrate with time of the second fiber module.

Third Hollow Fiber Membrane Module
The third hollow fiber membrane module specifications are listed in Table (3).

Table (3). Specifications of the third hollow fiber membrane module.

Parameter value
Fiber inner diameter, mm. 0.8
Fiber outer diameter, mm. 1.20
Effective fiber length, cm. 144.75
Pot length, cm. 4
Membrane hydraulic conductivity coefficient, m/sec. | 2.57*10”

Fig.s (16) through (20) show the variation of the flux, transmembrane pressure head,
thickness of rejected materia layer along the fiber length with time, total fiber flowrate, and the
effect of the pot on the ends of the fiber on the total flowrate. The flow follows the same trend of
the first and second types of fibers with dight differences reflecting the influence of the large inner
diameter of the fiber that reduces the head losses through the fiber channel. Initialy, the flux drop
is just 9.7% along the fiber, and dropping to 8.4%, 7.7%, and 7.2% after 8, 16, and 24 hrs,
respectively. The flowrate decline during the first eight hours is about 7.4%, dropping to 5.2%,
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and 4% for the second and last eight hours, respectively. The total flowrate is reduced when using
the pot, the Initial decrease is 1%, dropping to 0.93, 0.9, and 0.8 at t=8, 16, 24 hrs, respectively.
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Fig. (16). Flux variation along the fiber with time of third fiber module
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Fig. (17). Variation of TMP along the fiber with time of the third fiber module
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Fig. (18). Variation of the rejected material along the fiber with time of the third fiber module.
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Fig. (19). Variation of the total flowrate with time of the third fiber module.
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Fig. (20). Effect of pot on the variation of flowrate with time of the third fiber module.

CONCLUSIONS

1. The flow through the hollow fiber membrane under the condition of unsteady flow could be
smulated mathematically by applying the equations governing the flow inside the fiber channel,
and the fiber wall and equations governing the flow conditions at the boundaries. A very good
agreement was found between the laboratory and predicted data under the same conditions.

2. Thereis a great difference in hydraulic performance of the commercially available hollow fiber
membrane and each has its design criteria

3. The flux is initidly nonuniformly distributed along fibers due to the nonuniform distribution of
the transmembrane pressure; this fact leads to a nonuniform distribution of the rejected material
along the fiber. this nonuniformity increases as the inner fiber diameter decreases.

4. The pot has an effect of reduction the total flowrate. This effect increases as the inner fiber
diameter decreases.
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5. The thickness of the rejected material on the surface of large inner fiber diameter is of a less
thickness than that of small inner diameter for the same amount filtrated water volume, which
leads to less flow resistance.

RECOMMENDATIONS

The following recommendations were found to provide a guide for further studies:

1. Study the effect of variation of the applied head with the time under normal operation
conditions.

2. Study the optimal design criteria for the hollow fiber membrane.
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LIST OF SYMBOLS

a= inclined fiber with the horizontal coordinate.

pc= particle density, (M/L3).

O= Weight factor for variation with respect to t-axis.
At= the increment of the time, (T).

Ax= the increment of the distance, (L).

A= cross sectional area of fiber channel, (L?).

a= speed of the pressure wave, (L/T).

A,= flow sectional area of the fiber wall, (L?).

C= feed water concentration, (M/L3).

Ci= Function identifying equation of continuity.

f= friction factor, (dimensionless).

g= gravitational acceleration, (L/T?).

H= piezometric head, (L).

i = A subscript refers to distance segment sequence; a subscript refers to node number.
id= inner diameter of the fiber, (L).

iw=hydraulic gradient through the fiber wall, (L/L).

j= A superscript refers to time segment sequence.

K= The variable of finite difference expressions conveyance.
Kc= the rejected material hydraulic conductivity, (L/T).
Keg= equivalent hydraulic conductivity, (L/T).

Ki= bulk modulus of elasticity of fluid, (M/L.T?).

Kw= hydraulic conductivity of the fiber wall, (L/T).

L= Half of the effective length fiber, (L).

L pot= The pot distance, (L).

Ltotal= The effective length of fiber, (L).

Mi= Function identifying equation of momentum.

N= Subscript identifying downstream boundary.

Q= flowrate, (L3T).
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gw= flux (latera inflow rate per unit length of fiber, volumetric flowrate through the fiber wall per
unit of fiber length), (L*L.T).

Qu= volumetric flux through the fiber wall, (L*/T).

r=thefiber radius, (L).

ri= the fiber inner radius, (L).

ro= thefiber outer radius, (L).

ro= the rejected material layer outer radius, (L).

t=time, (T).

th=wall thickness, (L).

TMP= Transmembrane pressure head, (Ho-H), (L).

x= horizontal distance along fiber, (L).
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INCREASING THE ADSORPTION SURFACE AREA OF
ACTIVATED CARBON

Prof. Dr. Abbas H. Sulaymon,
Dr. Shahlaa E. Ebrahim
College of Engineering University of Baghdad
ABSTRACT

Experiments were carried out to study the effect of various activated carbon-glass beads
weight ratios, influent phenol concentrations, flow rate and bed depth on the performance of
fixed bed adsorption column. The equilibrium data and interparticle diffusion coefficients
obtained from separate experiments in a batch adsorber were fitted with theoretical model.

The effect of adding different weight ratios of an inert solid material to the adsorbent bed in
the adsorption process of phenol onto activated carbon was carried out. Adding 5 wt % glass
beads to the activated carbon bed reduces the amount of activated carbon by 5% and increases
the operating time by 80%.. Increasing the glass beads from 10 wt % and above makes the
adsorption process inefficient compared with O wt % glass beads.

A mathematical model was achieved to describe the mass transfer kinetics in a fixed bed
column. The results show that the mathematical model includes externa mass transfer and pore
diffusion using nonlinear isotherms, provides a good description of the adsorption process for
phenol in fixed bed adsorber.

KEY WORDS

Fixed bed adsorption, activated carbon, phenol removal, mathematica model of adsorption
process.

INTRODUCTION

Phenolic compounds are very poisonous organic compounds that enter the aquatic environment
through direct discharge from such industrial sources as cook ovens in steel plants, oil refineries,
phenolic resin plants, and pharmaceutical and pesticide manufacturers. The content of the
phenolic compounds in the industrial wastewater (about 200-2000 mg/l) is usually higher than
the standard limit (0.1 mg/l) established for their release into the environment. Therefore,
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attention has been paid to the removal of phenolic compounds from industrial wastewater by
many researchers around the world using activated carbon (1, 2).

Granular activated carbon (GAC) is efficient in adsorption of numerous bio-resistance
organic pollutants from aqueous system, activated carbon adsorption has been recommended by
the U.S Environmental Protection Agency (USEPA) as one of the best available technologies for
synthetic organic chemical removal (3).

Due to their high porosity, activated carbon is the most widely used material for adsorption of
chemicals (4). The adsorption process of a solute on an activated carbon takes place at theliquid-
solid boundary; it is thus clearly a “heterogeneous” reaction, and the interface of the two phases
represents a special environment under dimensiona or topologica constraints (5).

To design and operate a fixed bed adsorption process successfully, the column dynamics must
be understood; that is the breakthrough curves under specific operating conditions must be
predictable. A mathematical model of fixed bed adsorber is very useful for the proper design and
the determination of the optimal operating conditions for this equipment. Different models for
the adsorption process have been proposed in the literature (6). The differences in the
mathematical models of adsorption processes arise from the different representation of the
equilibrium behavior, the different expressions of the mass transfer inside and outside the
adsorbent particle and from how the axial dispersion is taken into account in the material balance
for the adsorbate in the fixed bed column. Also various numerica techniques have been
developed for the solution of the fixed bed adsorber models.

Several rate models have been developed that take into account an externa film transfer rate
step, unsteady state trangport in the solid phase and nonlinear equilibrium isotherm to predict
adsorption rates in batch reactor and fixed bed (7).

Under a wide range of operating conditions, the key process parameters in adsorption such as
isotherm constants and mass transfer coefficients are established by conducting batch studies of
adsorption. Langmuir, Freundlich, Radke-Prausnitz, Reddlich-Peterson and Combination of
Langmuir-Freundlich isotherms have been applied to describe the equilibrium between liquid-
solid phases. The parameters that are responsible for mass transfer operation are the externa
mass transfer coefficient and interparticle diffusivity or surface diffusion coefficient.

The liquid hold-up is an important characteristic of packing owing to its relation to the
wetted area. There are two types of hold-up; static and dynamic (operating) hold-up. The static
hold-up was measured as the weight of liquid retained when the column has drained to a constant
weight; this was deducted from the total hold-up to obtain the operating hold-up (8).
Investigators measured the hold-up for different aqueous solutions and they found that the static
hold-up for carbon is greater than that for porcelain, which may be due to porosity of carbon
material (8). Experimental work showed that for water flowing over vertical column of spheres,
the total hold-up was equal (0.4+0.59613) gm per sphere, where | is the flow rate cm®sec (9).
The first term is the static hold-up due to the meniscus at the junction of the spheres and the
second term is the dynamic hold-up in the liquid film. Other investigators found that the dynamic
hold-up on random packing varied as a power of the liquid rate between 0.54 and 0.74 (10, 11);
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this difference between this power and the theoretical value of 0.33 can be attributed to changes
in the wetted area of the packing.

The objective of this study is the removal of phenol by adsorption using granular activated
carbon. Although, activated carbon is a preferred adsorbent, its widespread use is restricted due
to its high cost. To prove that the system can made more efficient and /or economica by
increasing the adsorption surface area of the adsorbent through the reduction of dead zones
between the particles in a fixed bed system by adding a non adsorbent materials, such as glass
beads. To achieve this objective an experiment was designed and performed using activated
carbon as adsorbent and phenol as adsorbate and to compare the experimental results with that
simulated by the numerical solution of the general rate model which includes axial dispersion,
film mass transfer, pore diffusion resi stance and nonlinear isotherm.

MATHEMATICAL MODEL
Fixed bed

Fixed bed dynamics are described by the convection-diffusion equations, coupled with source
term due to adsorption and diffusion inside adsorbent particles. The solution of these equations
will giveriseto the prediction of the needed breakthrough curves (12).

A general rate model refers to models containing a rate expression, or rate eguation, which
describes the interfacial mass transfer between the mobile phase and the stationary phase. A
general rate model usually consists of two sets of differentia equations, one for the bulk phase,
and the other for the particle phase (13).

The rate model considers the following; axial dispersion, external mass transfer, interparticle
diffusion and nonlinear isotherm (14, 15).

For modeling of fixed bed adsorption the column is divided into bulk-fluid phase and particle
phase. The model equations are based on the hypothess of an interparticle mass transfer
controlled by diffusion into macropores (pore diffusion model), and this approach considers
three phases; they are: the mobile phase in the space between particles, the stagnant film of the
mobile phase immobilized in the macropores and the stationary phase where adsorption occurs
(16, 17).

The following basic assumptions are made in order to formul ate the model (12):

-The adsorption processis isothermal.

-The packing material is porous, spherical, particles of uniform size.

-The concentration gradient in the radial direction of the bed isnegligible.

-Local equilibrium exists for the component between the pore surface and the stagnant
fluid phase in the pores.

-The film mass transfer mechanism can be used to describe the interfacial mass transfer
between the bulk-fluid and particle phase.

-The dispersion coefficient is constant.
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-Surface diffusion can be ignored.

Continuity equation of the mobile phaseis:

_DbﬂC:2 ﬂC ﬂCb+rp1-_ebﬂi:
1z 1z Tt e, Tt

sing C,, the concentration in the stagnant mobile phase and writing the expression of the
interfacia flux leadsto (13):

T

p

r

.2
Substituting equation (2) in equation (1) gives:
3k 1 e
- D, ﬂCZ e, 16, : [c CpRR] 0 .3
iz |4 ‘ﬂt e,R,
The particle phase continuity equation in spherical coordinatesis:
C, C é e, 1C, ol
(1 e )ﬂ +epﬂ >-e,D,é 12 T & Al —25=0 L4
1t it éR ‘ﬂRg R &

Subjected to the initial and boundary conditions stated in reference (18)

Defining the following dimensionless formula (13):

C, C, C, . _nt R Z
G, ==, C,=—,C,=—, t=—, r=—, z2=—
C, C, C, L R, L
. kR e D L ih(1-
pe, =M gz KR Db 3B e,)
D, e,D, RN €

The model equations can be transformed into the following dimensionless equations

1 1’ ﬂcb+ﬂcb+z(c C ):0
Pe, 122 Tz 1t Pr=t

.5
* é fc. &
ﬂlt[(l' € p+epcp]'hgr£21}1§2_rp%20 0
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The concentration c,* in equation (6) is the dimensionless concentration in the solid phase of
the particles. It is directly linked to the isotherm, which is the extended Langmuir model:

. _q,br C,
P 1+bC,

Subjected to the initial and boundary conditions stated in reference (18).

The concentration c,* in dimensionless form:

¢ = r ,dmbc,
P 1+bC,c,

A finite element method is used for the discretization of the bulk-fluid phase partia
differential equation and the orthogonal collocation method for the particle phase equation, an
ordinary differential equation system is produced. The ordinary differential equation system with
initial values can be readily solved using an ordinary differential equation solver such as the
subroutine “ODE15S” of MATLAP which is a variable order solver based on the numerica
differentiation formulas (NDFs). Optionally it uses the backward differentiation formulas
(BDFs), which is aso known as Gear’s method.

Batch adsor ber

The batch modé is described by the following equation:
-Mass baance in the bulk-fluid phase

L%"- :NVA
dt

k(G- Cprn )=0
PP .9
Where V = volume of fluid in the batch adsorber.
W = mass of activated carbon in the batch adsorber.
Co=C
-Mass balance inside the particle
The solute diffusion inside a spherical particle is described by the following equation:
TS, br Yoo p LT e, 9

e :
Pt Pdt P P2 T 5

...10

The solute concentration in the pores is in local equilibrium with the concentration of solute
adsorbed on the pore walls.

2704




A.H. Sulaymon Increasing the Adsorption Surface Area

S.E. Ebrahim of Activated Carbon

Subjected to the Initial and boundary conditions stated in reference (18).

For Langmuir isotherm model:

_ 4nbC,
= bC,

LA

The external mass transfer coefficient for the solute adsorbed at certain particle size and
optimum speed, can be obtained by the andytica solution of equation (9).
K = Rl Ve &G, 0
f L
Wit &Co o 12
Where R, and r , are the particle radius and density respectively and C, and C; are the reactor
concentration at time zero and time t, respectively (19, 20).

Experimental concentration-time data are compared to predicted concentration-time profile
for the above batch absorber model and the best statistical fit was used to determine the
interparticle pore diffusion coefficient.

Experimental wor k

The granular activated carbon (GAC) used in the experiments was supplied by Netherland
Company.

The GAC was sieved into 30/35 mesh with geometric mean diameter of 0.55mm. The GAC
was boiled, washed three times in distilled water and dried at 100°C for 24 hours, before being
used as adsorbent. The aqueous solution of phenol was prepared using reagent grade. The glass
beads were supplied from the local market. They were sieved into 30/35 mesh with geometric
mean diameter of 0.55mm. The glass beads were washed and dried at 100°C for 24 hours before
being mixed with the adsorbent.

The experiments were adjusted at an initial pH of 5 for phenol (21). The pH vaue was
adjusted with 0.01 mol/l HCI.

The fixed bed experiments were carried out in Q.V.F. glass column of 50 mm (I.D) and 50 cm
in height. The GAC was confined in the column by fine stainless steel screen at the bottom and
glass packing at the top of the bed to ensure a uniform distribution of the influent through the
carbon bed. The influent solution was introduced to the column through a perforated plate fixed
at the top of the column. The feed solution was prepared in Q.V.F. vessel supplied with
immersed heater and a thermocouple to adjust the temperature of the solution at 30°C through
temperature controller as shown in figure (1).
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For the determination of adsorption isotherms, 250 ml flasks were filled with known
concentration of solute and a known weight of GAC. The flasks were then placed on a shaker
and agitated continuously for 30 hours at 30°C. The concentration of phenol in the solution was
determined by a UV-160A spectrophotometer at 270nm.

The adsorbed amount was calcul ated by the following equation:

qe:M ]
WA

The determination of interparticle diffusion coefficient needs the following steps:

- Estimating the optimum agitating speed for batch adsorber to reach the needed
equilibrium concentration of phenol.

- Estimating the mass transfer coefficient in batch process at optimum agitation speed.

- Numerical solution of batch adsorber model to obtain the interparticle diffusion
coefficient. This was done by using the pore diffusion model to best fit the experimenta
results.

The interparticle diffusion coefficient for phenol was obtained by 2 liter Pyrex beaker fitted
with a variable speed mixer. The beaker was filled with 1 liter of known concentration solution
and agitation started before adding the GAC. At time zero, the accurate weight of GAC was
added. Samples were taken every 5 minutes.

The necessary dosage of GAC, to reach equilibrium related concentration of C/C, equal 0.05,
were calcul ated from isotherms model and mass balance equation as follows(18):

CO - Ce)

WAZV( q 14

Results and discussions

Adsor ption isotherm

The adsorption isotherms display a nonlinear dependence on the equilibrium concentration.
The adsorption data for the system fitted by Langmuir model (22), Freundlich model (23),
Radke-Prausnitz model (24), Reddlich-Peterson (25) and Combination of Langmuir-Freundlich
isotherm model (26). The correlation coefficient was employed to ascertain the fit of each
isotherm with experimental data. From table (1), the correlation coefficient value was higher for
Langmuir than other correlations. The Langmuir adsorption model was selected to be introduced
in the fixed bed model where:

Q= 9,bC, .15
1+bC,
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The equilibrium isotherms for phenol onto GAC is presented in figure (2). The parameters gm,
b are the equilibrium isotherm coefficients and they are evaluated to be:

Om, phenol= 0.142 kg/kg bphenoI=159-4 m‘*/ kg

Interparticle diffusion coefficient

The amount of activated carbon used for phenol was calculated for final equilibrium related
concentration of C4/C,=0.05. Using the Langmuir e%uation with mass baance in one liter of
solution. The initiad concentrations were 0.2 Kg/m® with the doses of activated carbon of
2.2x10°Kg.

The agitation speeds (600, 700, 800, 900, 1000 and 1100 rev/min) were used as shown in
figure (3). The optimum agitation speed needed to achieve CJ/C,=0.05 was found to be 1000
rpm. It is clear that, if the speed is above 1000 rpm, the equilibrium relative concentration is less
than 0.05; thisisdue to attrition of activated carbon at high speed agitation.

There were a good matching between batch experimenta results and predicted data using pore
diffusion model for batch operation as shown in figure (4).

The pore diffusion coefficient for the system is evaluated from batch experiments and found to
be Dp’pheno| =525X 10_8 mZ/SeC

The external mass transfer coefficients in packed bed model for the system was evauated by
the correlation of Wilson and Geankoplis (21).

h zlé—OQSc% Re’®  For Re=0.0015-55 .16
b
K.d r ud
Where: Sh=—"""  gc= v and Re= P |

In which the molecular diffusion coefficient Dy, of phenol in agueous solution is 9.6x107
m?/sec. These values are substituted in equation (16) to evauate K at different interstitial
velocity in the mathematical model.

The axia dispersion coefficient was calculated from Chung and Wen equation (27):

Dr, _ Re

= 17
m, 0.2+0.011Re™*®

Br eakthrough curves

Figures (5) to (9) show the experimental and predicted breakthrough curves for phenol system
onto activated carbon at different adsorbent-glass beads weight ratios, flow rate, bed depth and
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initial concentration of adsorbate at constant temperature of 30°C. It is clear from these figures
that:

1. Adding 5% glass beads weight ratio to the activated carbon bed reduces its weight by 5% and
increases the operating time by 80%. Increasing the glass beads ratios from 10 wt% and above
make the adsorption process inefficient compared with 0 wt%. This may be attributed to the
nature of activated carbon particles, where it is entirely different from the glass beads regarding
the roughness of the surface and the porosity of the material. The glass beads have more or less
smooth surface, while the activated carbon particles have nearly rough surface.

The liquid hold-up in apacked column isimportant for many reasons. It reduces the porosity of
the packed bed (28). From the above and from the principle of liquid hold-up, it can be
concluded that:

Static hold-up for activated carbon-activated carbon particles > activated carbon -glass
beads > glass-glass beads,

Thisleads to the losses in surface area for adsorption as follows:-
Arealossesin adsor bent-adsor bent particles > adsor bent-glass beads,

The dynamic liquid hold-up will have the same behavior as mentioned above; this is related to
the difference in the nature of activated carbon and the glass beads. Due to the roughness of the
activated carbon surface, the operating liquid film thickness will be higher for the adsorbent
compared with glass beads for a given particle diameter, flow rate, pollutant concentration and
temperature. Therefore the phenomena will lead to high resident time for the liquid on the
adsorbents particles compared with glass particles, and consequently increases the breakthrough
time for the adsorption process. Table (2) shows that the bed porosity increases for different
adsorbents-glass beads weight ratios.

It is very important to find the optimum weight ratio of glass particles to adsorbent particles,
knowing that the matching between the two mechanisms; static hold-up and operating hold-up
will save weight of both adsorbents and minimize the losses in surface area for adsorption.

2. An increase in the initia concentration of phenol makes the breakthrough curves much
steeper, which would be anticipated with the basis of increases driving force for mass transfer
with the increase of concentration of adsorbate in the solution (29).

3. Anincrease in the bed depth of activated carbon will increases the breakthrough time and the
residence time of the adsorbate in the column. An increase in the bed depth will increase Pe
number with constant Bi number, where Pe number is the ratio of axial convection rate to axia
dispersion rate. When Pe number is small (the effect of axia dispersion is not negligible) the
breakpoint gppears early and the breakpoint increases with increasing Pe number as shown in
table (3).

4. An increase in the adsorbate flow rate decreases the breakthrough time due to the decrease in
the contact time between the adsorbate and the adsorbent aong the adsorption bed. Increasing
the flow rate may be expected to make reduction of the surface film. Therefore, this will decrease
the resistance to mass transfer and increase the mass transfer rate. Also, because the reduction in
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the surface film is due to the disturbance created when the flow of the feed increased resulting of
easy passage of the adsorbate molecules through the particles and entering easily to the pores.
Thiswill decrease contact time between the adsorbate and the adsorbent. An increase in the flow
rate will increase Bi number and with slight increase Pe number. Bi number is the ratio of
externa mass transfer rate to the interparticle mass transfer rate (that is, the interparticle mass
transfer is the control step) the breakpoint will appear early as shown in table (4 ).

5. The breakpoint was related to the flow rate, bed depth and initia concentration, i.e. the time
required to reach breakpoint decreases with the increase of flow rate, decrease of bed depth, and
increase of soluteinitial concentration.

CONCLUSIONS

The adsorption process can be made more efficient and/or economical by increasing the
adsorption surface area of the adsorbent via adding an inert material (glass beads) to activated
carbon bed in different weight ratios.
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NOTATION
SYMBOLS
A Bed area, m?
b Langmuir constant, m3/kg

. . &R, 0
Bi Biot number é T

ePDP ﬂ

C Concentration in fluid, kg/m3
Co Initial concentration, kg/m3
Cc* Micropore stationary phase concentration , kg/m3
Dy Axid dispersion coefficient, m2/s
Dm Molecular diffusion coefficient, m2/s
Dp Pore diffusion coefficient, m2/s
do Particle diameter, m
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ks Fluid to particle mass transfer coefficient, m/s
L Length of column, m
Pe Peclet number aa’_LS
b @
Q Fluid flow rate, m3/s
Q The amount of adsorbate per unit weight of carbon (Kg/Kg)
Oe Internal concentration of solute in particle at equilibrium, kg/kg
Om Adsorption equilibrium constant defined by Langmuir equation, kg/kg
vd,
Re Reynolds numberg 0
M g
Rp Radius of par‘ucle m
Sc Schmidt number
My m ﬂ
Sh Sherwood numberg 2
a
T Time, s
A Volume of solution, m3
Wa Mass of activated carbon, kg
z Axid distance, m
Greek symbols
€b Bed porosity
€p Porosity of adsorbent
Vv Interstitial velocity g 2 , m/s
ebﬂ
Vs Superficia velocity ?—3- m/s
eAg
Lw Viscosity of water
Pw Density of water, kg/m3
Subscript
b Bulk fluid phase
€ Equilibrium
I Liquid phase
0 Initial
p Particle phase
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Greek symbols

Table 1: Parameters of isotherm for phenol and correlation coefficient for various models

M odel Parameters Phenol
Langmuir Om, \ 0.142
b, m“/kg
4 1594
Correlation 0.9992
coefficient '
Freundlich r}? 0.1915
Correlation ggggg
coefficient )
Radk-Prausnitz Kgrp, 3.0035
Fre, - 0.1420
Ngp, - 0.8673
Correlation 0.9936
coefficient
Reddlich-Peterson QR 2211642
mF: 066905.8
Correlation 8;2%
coefficient ’
ot of [ 03
gmu ’ 0.8658
Freundlich n,
) 0.2193
Correlation
e 0.9979
coefficient

Table 2: Bed porosity for different activated carbon-glass beadsratios
| Glassbeadsratios (%) | £ |
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weight
0 04
5 0.43
10 0.47
15 0.5
20 0.54

Table 3: Values of Pe and Bi numbersfor different flow rates

Flow rate (m3/sec) Pe Bi
1.39x10-6 19.3 147.6
2.78x10-6 19.7 185.9
4.17x10-6 20.0 212.8
8.33x10-6 20.7 268.0

Table 4: Values of Pe and Bi numbersfor different bed depth

Bed depth (m) Pe Bi
0.05 19.7 185.9
0.08 315 185.9
0.1 394 185.9
0.15 59.4 185.9

Feed distributor

Adsorber

Sampling
point

Effluent

ﬂ Rotameter
p-

Centrifugal
pump

Temperature
Temperature

congroller
I inyator

Feed

A

Immersed
o) heater

>—P Sampling

point

Fig 1: Schematic r epresentation of €kperimental equipment
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Fig2: Adsorption isotherm for phenol onto activated carbon at 303K
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Fig3: Concentration-time decay curves for phenol adsor ption onto activated carbon at
different agitation speed
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Fig 4: Comparison of the measured concentr ation-time data with that predicted by pore
diffusion model in batch adsorber for phenol system
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Fig5: Experimental and predicted breakthrough curvesfor phenol adsor ption onto
activated carbon at different glass beads weight ratios
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Fig 6: Experimental and predicted breakthrough curves for phenol adsorption onto
activated carbon at different glass beads weight ratios
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Fig 7: Experimental and predicted breakthrough curves for phenol adsorption onto
activated carbon at different initial concentration
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Fig 8: Experimental and predicted breakthrough curves for phenol adsorption onto
activated carbon at different bed depths
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Fig9: Experimental and predicted breakthrough curvesfor phenol adsorption onto
activated carbon at different flow rates
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ABSTRACT

Housing planning is one of the most important subjects in the housing sector studies. It
is wide and has many branches .

Housing planning according to the cost and social benefit is the solution to prevent the
escalating rise in Housing shortage .

This fact is combined with which is estimated at more than three million housing unit .
And big a reduction in housing construction rate , which lead to increase the housing problem
in the country. This matter needs a clear policy from the authorities to accelerate the planning
process and to adopt that strategy to solve the housing problem in Iraqg.

This strategy should adopt the principal of constructing low — cost housing complexes
through the construction of multi-stories unit (3-4 stories) , the economic results will be
decrease in case of increase the stories to more than (4) stories because of the buildings
required to the lift and other services, as aresult the cost of the execution and maintenance will
be increase, especially when the technical cadres and the technology of the building and the
administration were unimproved , in addition to other psychological elements resulting from
the highly buildings , there is no domain to talk about it . and of the efficient characteristics
which these units have suitable residential densities , active and economic land use and
reducing the housing cost to face the big shortage and increased housing demand.

The research has conducted a field study of three housing complexes (3-5) stories for
the purpose of evaluating this type of housing and the extent if serves the social benefit and
complain to design and planning criteria proposed in the General housing plan for Iraq.

The research employ (cost & Benefit Analysis) to choose the best alternative from
three housing complexes (hay Alsalam , Ziyona , Alsaidia) which serves low cost and best
benefit.

The research concludes to the importance of depending housing complexes (3-4)
stories , and using light weight concrete is emphasized which one of the alternative for
traditional building materials as bricks which has many specifications , saving in cost and
labor , and reduction in time of construction , and solve of environment cases ,and choose the
best alternative from three housing complexes (hay Alsalam , Ziyona , Alsaidia) which serves
low cost and best benefit .
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The Concept of Technique Systems in the Notion of Smart
Buildings Architecture

ABSTRACT
The magical brilliance between the information abilities and the abilities of

controlling the environment and consuming power, which distinguishes the smart
buildings. It becomes unavoidable and common things in different fields of
architecture like governmental, public, service and productive. Even on the level of
planning the city center and urban.

That might be attributed in first rank to the vital role of the computer in all
aspects of life until the conditioned buildings that are able to fulfill necessary needs of
the consumer. It also becomes necessary to provide the conditions of comfort,
kindness and entertainment, as regard smart buildings depends in basically in design
and the work of the internal, utilitarian and service structure on service systems. They
are developed technological techniques that depend in their work on high
development and keeping pace with the changes and developments of the information
revolution in order to give the fruit of perfect and interactive buildings that offers to

the resident comfort environment in order to able to perform their tasks highly.
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(saally Glail¥) 5 il Gupd s udliill g il g gl A<y ¢ i ul)
o) 2l g ASEYI A agd il il | 3RV

, AV e BEEY 5 Lgdany ae 330 B | aialia (e 7 phall 138 alesy Las a2 Ml e
DBl 03| Lindina | ) gudan il 435S A8 jre o gy 2 = kg haidga g Jhay 4l Y
oY) e laaina Uy las Ll (o jlenall Lealiil 0 5S5 o)) cam 30 3 jlers 28 a
Gl HSall 8 JailLed g cadase OlSay le ) (o aadiaall maad) jSall (e Ul cdudal)
ale 5 ¢ 48l 5 dualall 5 ALY 5 Al 5 Lo laia¥) CagHlall jadl dag® mual (Al
Adlisall aaiaall aalie Janil A ela Lgibiad 5 4 jlerall QS jall 4 juall Jagll &lly 8
(Krueger,1991, P.29-33) .ic siiall aslall e § ksl day puall <l glaill A

oSl Clat AN A B jles
A lerall 4Ly et dpma A laza 3alh il 2 g oY () Y ey Jad) W81
Oty e B3 pe il L A ) ol b (ASA Ay jlanall 38 al) i ) 483
O S lia sl jlae¥) 1 3V as (Intelligent  buildings) 4aS3 glus
ey (Intelligent Design) ‘;SAJ\ praaill Glalla iae ) H &S | Q\JL&Y\
gLl ) (3uleall 3 5um) ¢ 3l L)) ) 5 LK (Intelligent  System) 4os3l)
AS,al A iS5 jlaall Gl g el 4 0 A8aS SO (oo gall) (el 58 5 (5 jlandll
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3gana daal 43 AaY) ples Sl 48 cilaghiall aggde

JA (e KA 5 jlaall Al ja A 08 Uy ( Papadakis, 1992, p.112). sxuaa
Debal el s ol apans Al el ASAN AW Al 3 (e 3 guailall 5 peal o)) 4 sl
V) dpass 8 A prall A (] | s sl Aale @l ol 8 D aill o2 Adgia

Y e anius 5 ASA 5 jlaadl a5 4,30

sy, e shaiall g 200 el Aty Ja 8l (31a% 28 LS (KA & gt ga )
L@.ﬂ.ﬁm’ (Lr""‘d\) '&J\_A:d\wa_u‘);ﬁhés MM\ (KYY J}@_L.A.K: 8392 g
5_laaallS ) saawiall Agbal) cilaliall 8 £1SA 46 puall dleall dglasall cligdall )
aaaall gat g Al clale s JIE I am Lagd olass 3y | (Sl
el A5yl A Aday olSM) A Cnpal UL | Aolall 4liea ol L 5l
a2 pall Lganlin 5 4y jlanal) S all Gaadai ua 3Y il dpalad) DAL 1 i
Ay o saiaiie oS0 diia 8] A oy 3 ) sl (Model )
Lasd ASAl) ) Aglad GYYAS Cae Lgh) (e ae I e Aol dial) ladatl)
ity 5 o el i Ao A5 AASAS L) 5 o ) e Laa 2ny
) E)Jn:\_m (’_E'.U A SilSe Al s oy At e A T30 oY) Gl kLY
. ( Papadakis, 1992, p.124)

Gkl 5 48 jaall Jgla (ania Lgindat () ) oS 4085 5 ddia o) Hliie) e g
b)}@@}@d\ﬁd\f@)&d\h})wdu\ﬁuﬁ cjuaj\dé;c)&}%w
J}.@_H\&LAPJM\ Jaa u@huu\um@;c@wy u\‘;z_m
iS5 jlanll 8 ol Ym@wﬁ_’u&.\_@\‘ﬁ\ el Joda e
alall casladl ) 8 JlaaS Lty (e Uil Jira Lae AS0S0al) ) Al
Cllalind e LS 2 LAY ki) calall ) e (ch\ (ladd ()
Lldie daase 5l 4 jlere A8 oS il 8 lSAY Gaadas 1 Sl &) o) e 138
J}JM‘\.:\S\)LJLAJ\} cc)LuJ\@JU\MGJQuJQ_EG_\MLJW\ Q\S)aﬂ
Modern ) adaall 3 jlasll Glallhina chslla) 288 SUA can g8y 5 all 553 )
a5, (Post Modern Architecture) &laall x W 3 e 5 (Architecture
5] (Intelligent Architecture) Sl 5 jlaall Cilallaiaa 5 &l jlie 3
28 A Al o3 ) slel e s (Intelligent Movement ) 4uSAll 4S jall
(Suad,1996,p.44). 383 5 jlaally dpansi o) (S L Miise yekas

s el (B e (55l kiS5 paiie Gl (SA ddia ol aai L

ZUELY) 0285 La 585 Bauan i lene A8 jal Li il U <8 Tl ¢ 43034
ol 40l 20 AR e o35 | Baaa A jlene AS a0l ) sl 1S e Gl
G e llia Lail g o 58S ASAN 3 jlanll 83 yda g g 287 o Hadila clllia
Al 31 el o g 2uny (2 — ¢ jall aseda ga 5 -( 483 ) 4 (Models)
A S A ) A jlaee AS ja IS 0 gy cadlia) il AS) 5 jlanll
Ay S8 Ahlh Gl (e Alariiase Lgantlia Caan 5 38 2Ll &y jlend) S jal) (S
S sl de 5 gl e (o3 Ll AN iy g5 e giland 53 o 585 Bas0a
Lelee o (o Ll AaSaiall e glaiall g Cupminal) Qo] (0 23851 38 i<
4y gy oS3 () e Slmd | Ledjlae Jiall dagy jall Adalall £l Lginals 4
il ilic 5 080 5l e saiaS (GLaall) 3l aaga s OMA (e JalSLY QU
e (il gl lgall 5 i) ) gl e dpall daa Jaka
aaliall o2 Cale) Jiain s ¢ salall Jaall & Jelall Lyl 50 xSk LDla
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= Al 45 ) g (A AL Al (e Jail) Ly oy AN el 5 Sl
.(Stephen, 1988, p.115) ,( Shvhel, 1987, p.221) .8 5l
Qié\.g_)h_ﬁ).z_)'&&?g.r. HQGA} 9@&%&6&@%&\ e}@i:d\ Q\é@l{;}
, Al (e i ez AIY (Al SO bl Lgagd A3y Hlal L 5 Luaia 5 Laale
e Bl 845 ki g L) ae 48lay dadi yall 5 (aleT £lSAIL (Slaty La Lgiad
£SAL A8e 4 La Lgiay | Aalal) aiy (paa dapsall LS @l V) 5 agdll 5 alacil
s e Lay oty Lo s Agllad) il 5 Aile shel cilallaally iy (531 (5ol
Loa Uil analial Aplee lanlai€ &y a) oS0 ddia (L8 1agn g il gol 5 LS
O ;e e SA el s sgie (Baadl | Jraaliill g el ) 3a) 8 Jax 3l desiial
(3 -J88).( CNMIL1998,p.21). 483 5 jlaall ga 5 JSI o geia (3285 ) Jucad

el <Al

A 4 A 4
sdkal) g1l gLl ¢S

A 4 A\ 4 A 4 A 4

-

Gl gl | by | 4Bl |daglaall| | 1Y) | agdll | abill | ol

( CNMI,1998,p.21) S3I isall o sede (3 - US4

s olSM) ddua Ao
Leismle (o ol JLali 13 el 4 yite dlie AS6E6EGER 40l S Cayay
IS8 b g ¢ ) Ganm 485 (sag adinla oy IS5 (S 0 g g i s Lgianha g
LGN oha laie cugldlyy | 4y Japnd ) cibalall e Jalail Lo o5y 30 4G 3 Guld
Olas¥) ie )58 A3 5 53l ) ) Lsall il b s A4S a e IS dade ) A
2o zATY Al JISE) ) olSA Ciiat Ky 138 (o gays,
ol AN (b oK) (alas oLy JS 5 3 5alls a5 1 gl gal) (g pkadll g LS} <
(gl die 5a LS ) Jasmdl) 5,0 Llaiu VG aDA e
oy IS8 i) L ey A Aaail) 55080 g5 1 aaiSall (o all) plSH)
Al Sl JLad) & el (58 S 5y aend die LgteliS A A8 a Jad
Aapl Wil (15 Y o il o 50k (e Gl 43 ey L el e
sl Aln 8 Louda) 4, 3a e shaie€ Al Jale 4SOl e LeSliay ) Calalanin)
oS5 ONA G s sl JUaiall (335 Aalal) 4 jaill 314 sale) e 5 i)
((Ruse,1993. p.13-35). ol sl 2ie Jall oo LS ellad¥l oo jlail
i) e daladl 553 yaall aalaall Gk Jhay o2 1 iuSial) el plSY)
o et AN Ape ) 5550808 (0 S| VALY prgial b g Lo b5 Caill 5 Claa)
(Tony,2004.p.54) ¢ s sall (e Lead
Al 8 oS i aie ASAN JISE arad o)) seday cpalll alaldl) cpladll ()
Ay S8 A Al gl el oLSAN g A W A Taal LSS Y G Sl Taal) Laa
SLSA (G Jaady (3 okl Sy | Aalall ol s YAl oam 2Ll (LYl Aals
agd Jo¥) sl aie laall gl 28l 5 oSl el 1S3 CaSiall il
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(Asal A ) ol ) Ladad) il L) T Sl sl aie ¢ Ay S8 4BUaS plSA)
) .(Leupen,1997,p.86 )

253 GLSI 2 s g0 Liina (550 a5l s gall da sgdan £ISM) 55 0 ()
) s sall Alla e JLalSI JEEYT Jsa oY skl Vs e Alla Gl 5 JISI) 4G
JSEY! 8 3aanY A Gue 40l o gil) daaiaV1 3 gm0 L) G yia () oo i€l
43l Y d;fdsm;ﬁﬂ\o)www&jh}uw\ﬁ\mu\ Gl (5 ,AY)
uAfJPJDJJHJAuu‘ eL.IdS.uuaJP}JLAJy ujs-\}c dls_u\)“u.nds_wé\_tja.t
3525 O (o) 5 (GRadsill) o\SAN SN Taaie 5l ) sedall i 3 2y 5 5k
(4 —J%%).(Jencks, 1997, p.93). gyl xie SUGN & dea ) slesa J5Y)

(ki) ¢lS3) il el @ shdll slsil)

| sl dga g /.= oil) At |

[ skl dalye/ glady) |

—

(Jencks, 1997, p.93 ).lulsll vie ) selall f Uil &, ) gail) s jall (4 — JS5)

L AL it N A dal

e LS5 a5 (e dmile g ilaslaall Lia 5 935 s & s )5 )
Clalaial da8 e day jie cally ) Al dallead) ol e W15 S8 e 8 Leilink
dA:\S )\.\.AAL—IS L@MJ&SM\A@}DJL&J\&A&&@M}AM\ cLAA\dS‘SSu.UJLu.AS\
‘;AL@JAA;&@.L@SJAJ;!%SSJ\@‘Y\«J:Ua:hguﬁ}b..zb 13 asil | oSLll dal )
5l Aaliaad) Aakaily) JalSy Lehje (o3 ASA A0 S eV agaddl i (e 1980 ole
lhank oot Al ¢ ddle ddled 5 20000 el 8 A1a)al) 400 54 e 5 400 jall jaliadll
J.&5 / Technical Performance i) 6y Yo oSa L oasll (Giail Lgius
Investment and Operating and Energy Cost 4dall s Juill 5 jlaiiny) dal
(3302,1996 « Wig ),(20=,1994 , 2.0, 58). ( Flexibility 43541 / saving

e VLAY 5 o glaall Lin ) 935 Bl il 38 SN AV b | 13g] Lk g

AadaiV g S il 5 ) sall 5 A1 pall 5 Sl Cadlial 5 30 ¢ (s AY Ll 5 gl QIS
usind | (Flexibility) 45 el s Al 20 araai 8 1Sl A (o Jaall skt
uuw\; (Occupants) ¢plelLdll s (Client) deadl o1 3 il cldlaidl) (<1
duntwe 3 jlae & ASA A0 o) jlidel e (Gayna ,1989,p.1) (Users)
3_a8all cle Ll 3433 (Dynamic and Responsive Architecture) 4S aia g
A8l Jelatl) ) pain) Jag i e Lin s (Cost Effective) 4l ddeld 5 Laluy]
a1 2 A (Aadlad) — Gl — 5 a1 — LS Ay Y Al aaliall
Intelligent )4 S3 4l v 55 (Effective) A-lell 5 (Responsive)
b S ) ()5S | 8 peald) dsalall dlle sin ge (Gaiad e adasill Jaadd Llals (Environment
Leale LaT 4Dl Adalall Al oyt g CanSill g dalatu) o jatue JS50 308l 4wy
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cilallaiall 8 il g J3hal) Flially s LAl ALl Ja el ) Al S o
(Groak,1993,p.6). L 4c s sall 4y jaall g daials 1)
i) 5 L 5) S Lellamtinly ) el o S0 4V o) ey Ul
Al slaall 5 530 foabial Lgiahat 5 cilpalea®Y1 8 Allall 5 50 pdiall A000Y1 <l Aganl)
el A (e gl L Ay ety Gl 5 Alata) e paise (S 5508 Conpial
-:(Jencks, 1990, p.28) ~Y!
L ol i€l 8 Joaalall —alall anill 8) Lo 8 Aoy yaal) 5 Aol Al o) -1
VL) g e sheall 8 ALl 5, 630 e Sliad de giiall Lgilalis 5 Asila shell g
VLY e s e g Aad I 58a) Fay yd) 5 Asbiea) Slaiul) -2
c ol ALl ahs ol lalall (Gaiatl day juall 5 dulial) Alaiu¥) -3
Aadait) e L5 diaiall aSail g3 oy all e slaie JLaals SN (3885 -4
ciall Glala Al g cple LAl Glllaie 3,800 4l slaall
Al o olaol IS8 5 e daali) Ay (egiy His5 Al (A ASAl A (il
¢ Aadai) ¢ A Jradill ) Al dag ) W yaalic sl ) Jsaa sl DA (10
o L o ggia (e yealiall o34y Aaal jiall cHlEally ¢ (5Ll 5l 5y ¢ cilaral
oSaill 3 g alee Gulul s (SA ol S 53 () s Feedback duels yiuY) 43l
A s Iy ALl e 5kl s Gaali ae (gla¥) 5 (3 yad) AnilSa dadail 5 ¢ Al ) aplaiig
AU 5 la) 5 AS sidall AEY) Sl e g ¢ JSedl s cilanall s JlaiVl CilSad
alai (5 sain sl Al alai () 138 JS ) d3LaYls (Jim ,1989,p.459) Leesn sis
sale SO )l UL ldel e (Energy Saving System) d8Uall Lasa
g Lae 4000 el Adlall e aby aaiad Al oSl g Jlai¥ g <l 5 gane S &) jagaty
el oda gl (5 gine (min e aelud il aladin) I ) 138 b dals
o gl da U Al dad) e anlill ANGELY) (5 siaay ¢ ALl (e L
csiall o sae B AU 58055 il Jagadll ALl (e Adaaiall 3l padl anad da) e ¢l 5l
.(John,1992,p.8)

- o lSAL Clat AN AU daalial) ()
A e Jiat S 88 g sl ¢l il Al o V6 lend) a5 olana 50
53 yie Apaliy J oW Jadi 5 ¢ 4355 (8 Gl (s e 4l 3 KA1 A0 aalie (il
sed gAY Aalill Ll | ASA 30y clallaian s H\S8 5 (oalial 5 e J5Y 5 a5l Al
LYl - phidl s 4 (Intelligent Building  Institute) S Aml) agae L)
Intelligent ) CJL...;.A pladil g ASAN WL (ald oy 2l odaat g - 43S ja) Baatall
(I St Al it Al ) e o2 ) (o L (Sl llasS (Building
D L8 Ll 3 a3 A0S VL)) 8 53 gae oK1 Cilalaiiin 5 e licall olSA il
O ¢ il g pall Jlae 7z jla s Jals e g€ 4l Lallad) Cpall aaile
el 5 3 5lanll Jlae () £lSA 4 seie Joad o) Jia agic A6 (e ST Callal 28 el
(8402,1975 , i35l ). Al mllaas
General ) 4xladl 4, ki 5 ( Cybernetic) <Ll julud) 4 5k 5 seda (o) 3
Cal ) Al AT e €y 2 SIA ASai) (63 ) (e WSS Ledal ) (Theory
(Control Theory) aSaill ey ks JMA ey | 4 aal 58 2 Cadall ) Tl
SV 2alS A8 A & suiage ae Jalaill oS4l 28 | (Communication) Jussy! s
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3gana daal 43 AaY) ples Sl 48 cilaghiall aggde
) s

;) L Jieamdil g A allaall oghd g A il y i) it e < ygla ) A
) .(450=,1988

All shule jledl 8 agla el 28 5 s sSI UL alasial o) el e s
JEY) 31 ) A e 23 ( Magical Properties) a s gaibad <l 4ilSalS
V) asgde seds Ol slaall 4d) a5 Lgy (5 prall Ll J3MA (e A8801 Cilallzall
eI A e AV g dail Lalis G by &S00 Ayl o datl Ll (o 5 2 VA S
(Information) <l slaall (e dmnh 4aas & Lails , (Automating Of Work)
salal) ()5S0 (o slaall ¢ AiaiY) cpualdaill SUST JalSiall e 5l GDEAY) 5 & sl il
5588 Lai) 5 (315 5W) 5 il IS Ay 58 LS jaie il 8 ) 5 A glaall o dlE0L))
&éma‘)w\é;&j\)}@-bdﬁém qum)ﬁ\e\.bqwmdjm‘)a\_,‘\aluj
JL@.L\\ MYLM::JLA:J\ u)ﬁuu\‘s.ﬁdj.ue‘)_.a.mj\ u‘).sl\u.au\_\.uw\‘\_\\m
bai B AalS Gl S| pdly bl surill A48 Al 3 ) som aile il
 perainag g 4xiSlu pliba g alinie 5 4dy )l dapls alialie JSo5 = phl S SUE (5 5k
.(Broad Bent , 1973, p.22)

- bl 8 AShl) dalasy)
O el Y] e Al Aalleall (b AALu) < e YT JS Gy La 131
Giad e AL i cilashaie Gl 8 GEaT o) oSar Y ALK i o (<4l
L ol (Intelligent Systems ASall Aakai¥l o yad Al g Ay Glallaid)
L) Jlde) e 283 L 4 o< Ay | (Automation Systems) sl 5 5Y)
b ol IS5 Al e, Laelal e e JSI JlaiV) (8 45506 L6 e A
el gk
?S;_\J\ c_um Jididl Leie (Hardware) abal ¢ jall el 484 4.«)44‘)!\4 diady
o Laga 150 camli 3l 5 La e 5 JLRY) il 55 SIDLWVIS JlasVl s JuaiV) <l 58
\M» Ga a5 .( Henman,1997,p.62-63 ).lexs Jelaiy il 4l 5 el cilyaliail
o sl ) Ay bl el ol lad) 8 Adai Afaal) cldlaid)
i@y Jaidll | La e g %8 5 5.LaYS Function Diversity 4 sl Claadl)
A< | Flexibility 55 41 | Convenience 43wl [Economic Operation
O lllaiall o2 (3a8ad b € < A S Aadai) aalud s . (Safety oY) dale
S AV Jalsall DA
Slliai lgrpan Al g A jlall of ABU 3 gall (a1 530 aladiinly Al dpe il Jale -1
Jaa gill g Ol 5 Jail) 8 2838 50l 3 5 s Alle Cildaal ga
e daiat Sl B IMLIS i ) g cilllad sae peny @) el Jale -2
4%« (Signal Plug) x5 7l sl (Signal Cable) 28 J8U ellu s 4a
3ol 5 A g iladall g 3y il 5 28l selia¥) iy b oSl
Lo 13 Aald 4 sraall g el 4all Ale ol Baaaall O yardall (pn Adaedl) Jale -3
baddl Anlie Gl pedall o2 i<
e el e JUaill (K3 Sl s (Peak Management) 55030 s 1a) Jale -4
Al Jlaa¥l A lad Qa5 55 5010 5,58 ¢ L) aSDlgiul 8 agle Tl Jaall
e JS
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g Lui¥) 4oLl uiSae 483 AV o) 3, (Open End) 4s sisall Algill Jale -5
Aatal L& Ao Juad (Plugs) zeoliall 4pdl 4aSatia o) jal ddlialy poaill
allaill e alaai¥l s (380 5ill Q85 LS (sl 8 atilial (Say jalaal) oUaill apas
g ol 8 1 5 Canl Lo gy LIS | el s Al o5 LS Lo 53 (3ol
Ailie Ales b e ghate Leily Gyt i) Gilaal) 8 il ) e slaial)
Alee el AaaiDl Aliiaa) LAY o e aaiai L3S (Closed End)
dsj‘;m‘ﬁ\ ew\cah_)quj\ dA\SdS.uua;Luu\ édms.mm"he\.kq gk

.( "Intelligent Instalation System", 2006,p.3 ) .4txs 353a

- oML Ciati ) Adl) A aadl) Jal ja
Sk e Gl 3 dapls 58 ) Caagy (d) AUl ga oA ) lite) e

eliall bl Slaiu) oyl (e 5 SN Gyl 2l LgiSaly Auals el oLy
sl e w0l Ll 58 ol (e Aunlall aShial Wl el sheall 5 cibpual) 8 Jealal)
Loy caati Al Apaall Jlae W1 ) oda (e e g A &3 (g SV ) ZBELY) (e (paza
530a A8y i€l Zlimuy) e 50l s ol 55 of ) A adall il uls))
ALYy culadll A (e alaill (e 5508l Jlase 0 5S eLiiY) dallaa g Gl ol 5 el
sl o) Sl At s L&A G ) @ Lal dland) clad all o6 Ly ddaadl)
Zlmuy) g sal) Llad sagie dale dilag) Cuaial 885 (Glail) Ji (e Lgina y )
;19985 )15-5) A4uUll (0 ) (A Leda ) (o8 o 55 (Al 5 5 ) Jaad) 38l Bhaiall
Jiaall i 8 Leliall 5 A palal) il 5l g 3 i) 380 ) ale) o W) ( 34-24 =
Bany ASAN AW L o 51 dmiaal) S 5l U8 (e pUAS SO oLl juza g e Caranl
-:( Croom, 1998,p.32) 4 i, las afaill 3 ds jxie lSA i giass

pladind o dnlall Cagda 8 ) Aalall ¢ s 5 lasal) 5 oSaill e (3 (s sinal) -1
Ol o Gla g slaadl Aadail LeSOial Jlaial ga , AUl 4 5 ) 30l e cilaulal)
13 GSA o Lil Gl Sl e iy ¥ 5 S sl Jilas s Slliay Ll (g g il 138 5)
(V) (6 sl 2 50n ana day 13) Al sl jall

a2 M (Infrastructure) abaill Glaadldl 5S je yud o5 408 o5 (oAl (5 ghusall -2
s ghaa g Aay ye by gl o3 JUA (e Ledaba 5 A8l g 3 5 310y bl Aol
131, sladll Jals Apaliall selial) culy giaay aSaill 5 o) sel) Cani g 4y seill 5 5 yall (g
’ - U 6 saeS Caiad Gl (5 sl (e el O S

Clelizadll 4 g5 e Slad U (5 sivall €l 58 UL Greadiuall 3 5 ledie 5 -3
il shata g dam il 5 yal V) Aallan 3S1 ya g A adiiall culiil) culd 38 el Aiad gall
LGl (5 glaS Caliatio Cileadd) sda G 4 g SV cYLasy)

e L) AN il giasall ol a8 5 Ly g 3l g 8 i) Wy (s siasall 38 b g -4
&) ssiee 05 (Remote Services ) am e YL deas dill

Gl b Slley el peddive e 435S Gual A (5 siuaS Chiiay (5 sl 128 -5
Aalae cilerd e aaind s haie g 5auaa dadd Ailial ga | Lanes Aalad) il givuall
il Lall) LyisS Badaal) GV iSal ( Automatic ) (S alasiul) g Sl glal)
e b 3aly Le S pe) 4650 Ao pual) 13 A gl i) a5y VLIV 5 4 pall
(6 — Js).(Cynthia, 1995; pp.103 -111) . 2= ge Juai¥) s
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3gana daal 43 AaY) ples Sl 48 cilaghiall aggde
) s

3 _lasud \JPSM"S\/JJ;X'\(_;M )

4ial) claddld) 38 ga / (ALY (5 ghaall

diadgal) Cileliadl) / ESEY 5 ghacall

B oo LA dasd / aal )l (s giacall

A AR g Cila glaal) Aallaae ciladd / (ualdd) (5 gieaal)

.(Cynthia, 1995; pp.103 -111) . Sl &by e (6 — JS5)

-1l Clat AN ALl B A yia ¢Sl alal)

Dl Ll 5 paly Gaad (Al sl AW (g KAl (ol SN ) plaill
O szl Leand 4181 chlial) g Al calila) oL 48 e U plas 30l Y sl g
el 8y jhay ) pdati Lail g ¢ 32Y I daxd ¥ 5 Schemata 4l @l Joa
A jiadl) ACEL) Jad a3 apaaldl 3adl) ) Loy Jeadd doela i) 2odadll 5 HLial)
4\_1535\ M\@Mmﬂauﬁuﬂm\muﬁaﬂo&@f‘}“u@y} 4..1\_5}
L ladl s dlalall Al e dleld 440 5 jlare (e adlaii Ll 3 jleall 1 45 yia 53l 323041l
J.A\j‘}” L).AA_::)AM‘\.:L\).”\AJ\ L@_\A.Lu\ G_Lur_ﬂ 3 A.Tg.ajaj\ u\M\ ‘_“Jx: e\SAY\ J\mf\}
Aailae a0l 5 LEMAN Lgalai s Lgiliy LaLDIA aelai Lgun gy duniacl il V3] ag
sy Allad ()5S adail) o2 gy Ada ginall (LWl oda () Leale Lal day yo ddals 4y e
-:(Gelerenter,1996,p.268) 4 Al 4 lall daull il i ae Jelaill 45505

JSUGal) e A ggny Jalail) (a0 gl Sy (6201 - Assimilation J-iaill
A58 B sy il dae paall 5 Al ol

Al g 5 e @ sulall Sy 21 -2 Accommodation @33 s il
e aing e 4 J pana pllail iy 325 9o e 3u0n JSLA ae Jualaill 5 Ana juall
oS ale ) 5 AS S Ja A J a5l Lein Lad Feed back duels jinl 4505 Glaa)
Adalall &l e 3 jdayall eyl

el ae NS a0 CLASE =130 -1 Metamorphosis Jsaill sl gl
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Sustainable Environmental Planning & Designing as an Energy Conservation Basics

ABSTRACT

Solar radiation is one of the renewable energy resource that can be used in
different fields such as heating, cooling & lighting to employ the double use of
passive and active systems' that integrate with the ideal mass grouping, direction,
layout & design of building form and its envelope correctly, by the integration of
these tools and trends with each others in away that insures energy conservation and
lessen the use of fossil fuel in buildings to achieve environmental balancing.

In order to explain the point of view for the process of environmental design &
sustainable building that include (planning & mass grouping) to work as integrated
system to design efficient energy buildings where the site and setting, planning
external form, and internal organization as well as storage mechanism, cooling
heating and lighting to get best result in order to conclude the relationship between
mass grouping, set and layout of the site including all processes that act as bases of
environmental design and its relation with thermal comfort and controlling solar (loss
& gain) as a goal for internal thermally comfortable environment, visually &
biologically, by using renewable energies in residential complexes in hot dry
condition.
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Dr. Bushra S. Zbar Al-Busoda
Department of Civil Engineering University of Baghdad

TREATMENT OF COLLAPSIBILITY OF GYPSEDOUS SOIL
ABSTRACT

A series of double odometer tests are conducted to study the compressibility and collapse of
gypseous soil taken from west of Baghdad governorate. The gypsum content of the soil used is
nearly 25%. Four different types of additives are selected to reduce the collapse strain of this soil.
These additives are cement, bentonite, calicium chloride and silicagel. An adequate reducing in the
compressibility and collapsibility was obtained especially when the cement is used.
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ABSTRACT

Since no in situ studies exist for determining unsaturated hydraulic characteristics of Iraqi soils
during internal drainage under no evaporation conditions, a field study was conducted on a silty clay
loam soil to determine unsaturated hydraulic conductivity using the Instantaneous Profile
Method(IPM) and to solve the one dimensional flow equation under gravity flow theory for obtaining
easier method to predicting unsaturated hydraulic conductivity and water content profiles. An 8m x
8m field plot was flooded for forty days and then covered to prevent evaporation from soil surface.
Gravimetric samples were augured during 90 days of drainage following flooding as a function of
depth. Soil water potentials was estimated from fitting a functional relation to laboratory measured
water content and matric potential relations for the studied soil horizons. Unsaturated hydraulic
conductivity was calculated according to Darcian flow theory. Unit gradient theory was used to obtain
an analytical solutions for the general flow equation according to Lax-Sisson method by utilizing
three explicit K(0) functions. Unsaturated conductivity values for the studied layers ranged from
1.0964 t015.2389 cm.d™ and from 0.00001 to 0.0004 cm.d™ after 0.025d and 88.75 d of drainage
respectively. A 1:1 relationship between measured and predicted conductivities reveled highly
significant r-squared values of 0.918, 0.933, and 0.927 for the three functions respectively. Predicted
conductivity values were higher by factors 1.378, 1.418, and 1.296 for the three equations
respectively. Same amount of water was drained from studied depths during drainage cycle which
resulted in parallel water content profiles. Except at the early drainage time, predicted water contents
profile with Lax-Sisson's method matched satisfactorily measured water content profiles. Also 1:1
relationship of zero-intercept between measured and predicted water content values during drainage
period produced high r-squared values of 0.960, 0.935, and 0.918 for the three functions respectively.
Predicted water content values were higher by a factor 1.008, 1.011, and 1.043 than measured values
for the three functions respectively. Results of this study showed that the Lax-Sisson's method was
accurate in predicting unsaturated hydraulic conductivity and water content profiles under theory Of
gravity drainage flow.
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ABSTRACT

The work aims to calculate pollutants gases concentration that are emitted from gasoline
engine Vehicles exhaust .These concentration are compared with emission limits in other
countries. These gases are carbon monoxide (CO), unburned or partially burned hydrocarbons
(HC), nitrogen oxides (NOy), lead oxides, particulate matter and soot.

The research is carried out on a new and old cars .which are widely used in Iragi roads
.these cars are different in product year , distance travelled and in Exhaust- gas treatment
techniques which used.

The analysis of exhaust gases carried out by using the electronic exhaust gas analysis
system (T156D). Which is maunfactured in Italy and operate with windows system.

The results show decrease in concentration of the (CO, HC, NOy, SOOT) emitted from
Exhaust gases cars which have low travel distance (new cars model ) these cars use electronic
systems to controll on injection , ignition and use exhaust gas pollutant control systems such
as early fuel evaporation ( EFE) , exhaust gas recirculation ( EGR) ,catalytic converter ,
positive crankcase ventilation (PCV ).
the results show that there are increases in pollutants concentration emitted from old model
which have long work time and not have controller systems on the mixing and ignition
systems as well as have lowe maintinance.

the results show that ratio of cars which use exhaust gas treatment techniques and satisfy
the emits limits is 32% only .but the larger ratio approximately 40% dont satisfy the emits
limits.
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CO(g/mile)

Nox(g/mile)
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HC (g/mile)

1980
1981- 1982
1983- 1985
1986-1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

5.40
5.40
4.20
3.40
3.40
3.40
3.1

3.1

3.1

2.70
2.70
2.50
2.50
2.30
2.10
2.10
1.50
1.50
1.00

1.2

1.2

1.0

0.60
0.60
0.60
0.40
0.40
0.40
0.25
0.25
0.20
0.20
0.15
0.15
0.15
0.10
0.10
0.08

0.41
0.41
0.41
0.40
0.40
0.40
0.37
0.37
0.37
0.341
0.341
0.31
0.31
0.20
0.20
0.125
0.125
0.125
0.10

2005 alad i) clond Aty b sataal) aal) (3) Jgaa

CO(g/ km)

HC(g/km)

2.7

0.55

0.62

2.1
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ABSTRACT

Iragi Construction Industry faces large challenges especially now adays: these challenges
cause many problems in the quality, cost and duration of the projects. One of these challenges is the
problems of choosing the appropriate offer, because the lowest one is chosen in spite of the fact that
this offer is not the best one. The researcher made a field study for the case of incorrect pricing of
contracts through direct interviews with many expertise's. Through the application of innovative
approach & brainstorming techniques, a proposed criterion for choosing the suitable offer was
suggested depending on many factors as a base for evaluation and tendering of offers. This criterion

also evaluated by many senior engineers and assured its suitability.
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