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ABSTRACT

Among *ie most important problems which faced us is the wide use of old approach ,
particularly the traditional approach ( general contractor ) and the bill of quantity contract which
works according to the general conditions of civil engineering works contracts sponsored by FIDIC
and ministry of planning , so It became necessary to look for certain contract rules to be used as a
substitute suited all conditions and cases afier concluding lessons from the local experiments in
rebuilding issues .

This research aims at analyzing the subject of time and cost factor taking in consideration the
effect all the effective faciors which leads to increase the cost and time .

A scientific methodology was followed in both theoretical and practical phases of the study . The
study concentrated on a detailed statistical analysis of the study was incarporated using
questionnaire and intervicw method to evaluate the effective factors directly or indirectly on
contract method
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Al the end certain conclusions and recommendations were drawn as developing managerial
system for selecting safisfy contruet method
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SPLIT ASSIGNMENT WITH TRANSPORTATION MODEL
FOR JOB-SHOP LOADING (CASE STUDY)

Khallel Ibrahim Mahmoud

Electro-Mechanical Engineering Department,
University of Technology, Baghdad, Iraq

ABSTRACT

The aim of this paper, is to analyze the assignment problem in industry where the
constraint of allowing to allocate only one job to each machine is relaxed. Thus, splitting
the job is permitted and processed by more than one machine. The problem is demonstrated
with a real life case study. We solved the problem by splitting the jobs and converting lot
of jobs as well as the actual hours of each machine to Standard Machine Hours (SMH).
Transportation model is also suggested to overcome the problem, and the optimum solution
is obtained by using POM software

KEYWORDS
Assignment problem, splitting, allocate, real life, transportation model.

INTRODUCTION

Loading or shop loading is required to assign specific jobs or teams to specific facilities.
Loading is needed for machine shop, hospitals and offices. An important step in production
scheduling is to load facilities, which mean taking the actual order and assigning them to
designated facilities, loading answers the question which department is going to what work
and loading assumes that the material requirement analysis has been done and that order
has been properly placed for required material and for needed parts and sub-assemblies.

Specifically, loading assigns the work to divisions, departments, work centers, load centers,
stations and people. Whatever names are used in a given organization, orders are assigned
to those who will be responsible for performing the work. Loading releases jobs to
facilities. In fact, average scheduling use standard hours based on forecasts to determine
what resources should be assembled over the planning horizon. Loading takes place in the
job shop when the real orders are on hand. If the aggregate scheduling job was done well,
then the appropriate kinds and amounts of resources are available for loading. The master
production schedule also makes resource assignments that can be modified if capacity is
not adequate. A major objective of loading is to spread the load so that waiting time is
minimized, the flow is smooth and rapid and congestion is avoided Nahimas, (1989).
These objectives are constructed by the fact that not all machines can do all kinds of jobs.
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Even though the job uses general purpose equipment, some machines and workers are
better suited for specific job than other. Some machines cannot do particular jobs but other
machines can do. Some are faster than others and tend to be overloaded. Also, in some
situations, planning for actual shop assignments is irregular, where a particular job must be
assigned to more machine specially if there is a high request for that job. Thus, let the
production manager think about the splitting of jobs assignment and the scheduling
objective will be how to smooth the load with balanced work assignments at machines in
the flow shop.

In the literature, a great deal and much attention of researchers have been focused on
solving the production scheduling problems.

Chan and Wong (2005) developed an assignment and scheduling model to study the impact
of machine flexibility on production as a job lateness and machine utilization and presented
a genetic algorithm based approach to solve generic machine assignment.

Also, Chan and Wong (2006) addressed the problem from the point of flexible job shop
scheduling under resource constraints. They permitted an operation of each job to be
processed by more than one machine. Caffrey and Hitchings (1995) considered scheduling
of five jobs through a flow shop with five machines. Torres and Centeno (2008) considered
a permutation flowshop problem with secondary resources with the objective of
minimizing the number of tardy jobs. Recently, Konstantin et. al. (2005) focused on a
dynamic generalization of the assignment problem where each task consists of a number of
units to be performed by an agent or by a limited number of agents at a time.

ADDRESS THE PROBLEM

In this paper, we deal with the modification of the standard assignment problem
where the constraint of allowing to assign only one job to each machine is relaxed. So the
splitting the job is permitted to bed processed by more than one machine. That means, the
job can be divided into a parts, and on the other hand, the machine be allowed to do more
jobs without violating the capacity constraint.

The research methodology is to assign operations to machine and determine the processing
order of job on machines.

SYMBOLS USED

The following symbols are used throughout the paper:
t; : Processing Time of Job

n : Number of jobs to be assigned

m : Number of Machines in the flow shop
M, : Machine number i=1,2,...,m

SM : Standard Machine

SMH: Standard Machine Hours

D, : Demand in units for each kind of job
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Pr : Production rate in units per SMH
Dswn : Demand in aggregated standard hours

Prij : Production rate in pieces per hour for machine i and job j

PROBLEM FORMULATION

The time minimizing assignment problem is the problem of finding an assignment
of n jobs to m facilities, one to each, which minimizes the time for completing all the jobs
subject to the assumption that all the jobs are commenced simultaneously Taha, (2007).

The general assignment problem with n jobs and m machines mathematically can
be formulated as follows:

Minimize Max { t;|X; =1 } 1)
Subject to
ZX” for all i (2)
j=1
> X, forall j (3)

i=1
X;=0orlforiand j.

Here, t; is the time required for completing the ith job if it is assigned to the jth machine

and

X. =

U]

0 if the ith job is not assigned to the jth machine
1 if the ith job is assigned to the jth machine

In the above formula, the important assumption made is that all the jobs are
independent and can be commenced simultaneously.

RELAXING THE ASSUMPTION

The weakness of the classical assignment model is that no more jobs are allowed to
one machine and also under certain circumstances, a weakness of the previous assignment
model is that the splitting the jobs are not allowed. Moreover, the model assumed that the
machine in job shops are identical and each one can do each job but with different time. To
review the concept of relaxing the assumption, it can be seen from Table 1 which shows
that how three jobs J1, J2 and J3 are assigned on machines M1, M2 and M3. In this case,
machine M1 is assigned three jobs called J;1, Jo1 and Js;. Also, we can release another type
of split prohibited by the classical assignment model is that no job can be divided with that
model Starr (2004).
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Table 1: Three machines and three jobs

M1

Machines M2
M3

In the Table 1, job J3 has split into three parts Jsi, J32 and Jss.

The above difficulty can be overcome by transportation methods. Although, it has
certain restricted assumptions of its own. Particularly, when demand and supply must be in
common terms standard units. A convenient common terminology in our case is to express
supply and demand in standard hours.

To create standard hours, it is necessary to assume that strict proportionality exists
between the productivity rates of the machines. The next section will review this concept.

STANDARD UNITS
Definitions

Standard units are used as the common dominator for aggregated units in the
production scheduling problem where jobs are converted from pieces of work (order size)
into standard hours on a designated machine called the standard machine. Forecast of
specific items such as sweaters of different colors cotton, wool, and mixtures are converted
into the standard machine hours required to make each type of sweater. This is referred to
as aggregation of the mixed-model product line of the job shop. Aggregating planning is
achieved by collecting and lumping all the items to be produced together. The idea is to
strip away the specifics while retaining the aggregate properties of the product. The
purpose is to match aggregate capacity against aggregate demand. This results in
generalized determination of workforce requirements.

Computation of Standard Hours

Standard hours computation is better to know through An example to show how
actual hours of work can be changed into standard units of required production capacity.

In Table 2 the standard unit is selected as Standard Machine Hours (SMH) based on
using a Standard Machine (SM) for the standard of comparison. The total production
capacity consists of four machines. The four machines called M1, M2, M3 and M4, work at
different rate. It should be noted that the rate differentials apply across all of the jobs that
these machines are assigned. That is M2 is fastest for all of the jobs, and by the same
amount in comparison with the other machines. For this reason, it is convenient to choose
M2 as the Standard Machine (SM). It will be assigned an index of 100%. Then, all of the
other machines will have fractional (SM) index.
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Table 2: Supply of actual and SMH hours available per week

Machines SMH Index Actual
(%) Hours
M1 70% 80
M2 100% 77
M3 60% 150
M4 50% 80
387

As shown in the above table, M4 is half as fast as M2. The equation for the SMH index is
derived in more general terms, as follows:

Production output of (M)
Production output of M(SM)

SMH index of M (ij)=

For each machine, when SMH index is multiplied by the actual machine hours
available per week, the standard machine hours (SMH) available per week are obtained.

Each machine is ranked by an index number that when multiplied by the actual
machine hours available per week yields the standard machine hours (SMH) available per
week. Thus, Table 2 provides the actual machine hours that are available per week
converted by means of the SMH index. There is a total of 263 standard machine hours
(SMH) available per week. In fact, there are 387 actual machine hours available per week
has no significance for the resolution of the problem. Actual hours must first be converted
to standard hours for application to the jobs that need to be done. This will be understood
by examining the job requirements. In this department, the following represents a forecast
of demand for next week for each job:

Jobs A B C D
Units 900 480 600 200

On the other hand, the productivity rate (the production output rate) of the standard
machine for each of the jobs listed above is as follows:

Jobs

Productivity rate

of standard
machine

The computations are guided by the following equation (4) where unit dimensions are
shown in parentheses. The dimension of units is the numerator and denominator is
cancelled out. The remaining dimension is Standard Machine Hours (SMH). Thus, demand
in units has been transformed to demand in standard machine hours for each job.

Input (D) as a unk———» Output (D) as SMH
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Units
D, +Pr(SMHj:DSMH (4)

where D, : Demand in units for each kind of job

Pr: Production rate in units for SMH

Dy :Demand in aggregated standard hours.

According to the Equation (4), actual units of demand for Jobs A through D can be
converted into standard machine hours (SMH) as follows:

D(SMH)

A: 900/9 = 100 SM hours
B: 480/8 = 60 SM hours
C: 600/4 = 150 SM hours
D: 200/8 = 25 SM hours

Total = 335 SM hours

Now, both supply (available capacity of machines) and demand (request for the job units)
have been converted to the common terms of standard machine hours (SMH). Then this can
be solved to find the loading arrangement that uses the resources available in terms of
standard machine hours. In this case, the transportation model can be used to get the
solution. On the other hand, the above loading problem can be dealt with linear
programming. It does not have the constraint of proportionality.

Transportation Technique

Basically, the general transportation model deal with the distribution of goods from one
location to another. The general transportation problem can be described in the form of a
matrix with shipments from factories to warehouses with factories represented by the rows
and warehouses by the columns of the matrix. In Figure 1, there are three factories and
warehouses. Each cell in matrix represents a route from a particular factory to a particular
warehouse. Listed on the right hand side of the matrix are the amounts available at each
factory. Listed on the bottom of the matrix are the amounts required at each warehouse.
Figure 1: Transportation Model (Gillett 1985).

To Warehouse Amount
Available
1 2 3 4
N 1|Cy Cr Cis Cug a
o J Xu Xy Xi3 X !
.,B.l 2| Cxn Cx Cax Co ay
8 X X2 4 Xoa | Xo4 |
= 3| Ca Cs Cs Cas
= Xa1 a2 Xas X4 a3\
// by ;/ bs \\ b,
Amount grr:'e unrit Cfcr)gtn?]lc:actor 2 :-hh'e agc]iofigtn Amount
: ippi i
\?\fzﬂlélhrg(:sztl to VF\)/gre?]ouse 3 y Fa(?tgry 210 available for
Warehouse 3 Factory 2
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The objective of the transportation problem is to find the shipping routes from factories to
warehouses which will minimize the total cost of transportation Russel, (2006). In each cell
of the matrix the unit cost of shipping one unit through the cell or route is shown. The total
cost of transportation is then the sum of the amounts shipped through each cell multiplied
by the unit cost of shipping through that cell.

Mathematically, in this model, if we let

X;; =amount shipped from factory i to warehouse j
C;; =unit cost of shipping from factory i to warehouse j

Thus, the total transportation cost is: (Lockyer and Bestwick 1982).
C=>>CiX; (5)
i=1 j=1
where m is the number of factories and n is the number of warehouses.

We wish to find the values of X;; which will minimize the value of C subject to
the constraints

ixij =bj' (6)

The total shipped to each warehouse j must equal the amount required at the warehouse.
Z Xij =g (7
j=1

The total amount shipped from factory | must equal the amount available at the factory.

X; =0
All shipments must be nonnegative.

To solve a transportation problem, we first find an initial solution (values of X;),

and then improve the initial solution by reducing the cost through successive iterations until
the minimum-cost is found. The transportation method is an iterative method, which
reduces the solution on each successive iteration Nahimas, (1989).

Consequently, the above model can be modified and used to find the loading arrangement
that uses the resources available to minimize the total cost. Then the assignment can be
generated using the standard techniques employed to solve the transportation model. Figure
2 represents the equivalent matrix for the assignment model.
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Figure 2: Equivalent Matrix for Assignment Model

Jobs Capacity
Available
1 2 3 4
1|Cy Cp Cis Cy a
Z P Xll XlZ X13 X14 !
?3)_ 2| Cy Cy Cos Cos a
CSD' X X2 4 Xa3 X |
o 3| Ca Ca Css Ca4 a \
X31 32 X33 X34 s
// by b,/ bs \\ b,
Units The unit cost of Thg hours Hours
Required from performance of each aSS|gqed on available at
Job 1 hour qf Job 3 on Mgchme 2 for Machine 2
Machine 2 doing Job 3

Softwares are readily available to solve the model involving many variables. i.e. POM
software package Natarajan, (2007). To solve the problem, we first find the initial solution
and then improve the initial solution by reducing the cost. One way to find an initial
solution is to use the North-West-Corner rule or Lowest Cost rule or the Vogal
Approximation Method (VAM) Taha (2007). The next step is the evaluation of the solution
for optimality of the initial solution. This can be carried out by using the Stepping Stone
Method. Finally, the above problem can be solved alternatively by using the linear
programming model.

IMPLEMENTATION

To implement the formula and to achieve the objective of this study, a real case
study has been taken from the furniture industry. The problem was how to allocate 12 jobs
on seven saw machines in cutting department. Any job related to one kind of product are
named J1 upto J2 which can be assigned to any saw machine. The specification of each job
is defined and the efficiency of each machine has also been defined according to the data
collected from the production department. The processing time to complete each task is
different. However, one of these machines (number 4) is more efficient than the others,
which has been chosen to be the standard machine (SM). Table 3 shows relative
productivity and the equivalent SMH index for each machine. Note that Machine 7 is half
as fast as Machine 4.

Similarly, Machine 1 is 86% as fast as the standard machine (SM).

Table 3: Relative productivity and the equivalent SM

Machines SMH Index
(%)
86%
75%
66%

100%
55%
80%
50%

Relative Productivity

M1
M2
M3

M4(SM)
M5
M6
M7

86% as fast as the SM
75% as fast as the SM
66% as fast as the SM
Standard Machine
55% as fast as the SM
80% as fast as the SM
50% half as fast as the
SM
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The restrictive assumption is that the SMH index for each machine applies to all 12
jobs. It is called the presumption of productivity proportionality. Thus, Machine 4 is fastest
for all of the jobs by the same amount, in comparison with the other machines. Table 4
provides the actual machine hours that are available per week. These hours are converted
by means of the SMH index into standard machine hours available per week as shown in
the fourth column. The actual machine hours available per week is 442. Table 4 concludes
that total SMH is 324.75. Table 5 provides production rates Pr in pieces per hour for each
machine and job. The entries on the matrix are labeled Pr(ij) where i=machine and j=job.

The production rate of the standard machine for the jth job is Pr(SM,j) see the
fourth row (Machine 4) in Table 5. Table 6 contains the number of units ordered per job.

Table 5: Production rate in pieces per hour for each machine and job (Prij)

Machine
S

Machines

SMH Index
(%)

Table 4: Actual machine hours per week

Actual
Hours

M1

86%

50

M2

75%

60

M3

66%

75

M4

100%

78

M5

55%

35

M6

80%

60

M7

50%

84

Total

442

M1

M2

M3

M4

M5

M6

M7

Jobhs

Table 6: Number of units ordered per job

No. of units
required

Standard
hours of
demand
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As shown in the Table 6, the requests initially stated as the number of units ordered per job.
They vary greatly because there are many different types of orders. These guantities have
been turned into standard machine hours to match the amount of supply available from
machine of type M4.

To accomplish the transformation of all dimensions to standard hours, start by
dividing the number of units requested for J1 by the production rate of the standard
machine for Ji. This yields demand in standard hours instead of demand in units. The
results are shown in the second row of the Table 6.

Now, both capacity available (supply) and the requests for the jobs (demand) have
been converted to the common terms of standard machine hours (SMH). There are324.75
machine hours available per week and 358.13 hours required to complete the orders.
Therefore, 33.38 standard machine hours of demand will not be satisfied.

A dummy machine is created to pickup the slack. It is called MD (for machine
dummy). By definition, MD has zero output for all jobs. Some part of whichever job is
assigned to the dummy will not be done. The balanced capacity available S(i) and request
D(j) with the number in standard hours including the output rate per standard hours in the
upper right hand corner of each assignment cell is given in Table 7.

As with the assignment model, cost is considered with the transportation model.
The cost is calculated for each job j, which is the cost per standard hours of each machine i.
The cost per piece (Cij) is independent of the machine used, given in Table 8.

Table 8: Cost Cij per piece (Riyal
Jobs J1|J2 | J3 |J4|J5|J6 |J7 |38 | J9 [J10|J11|J12

Cost per piece (Cij) | 200 | 470 | 550 | 700 | 320 | 150 | 480 | 780 | 100 | 950 | 400 | 100

The product output rates per standard hours have been multiplied by cost per piece
to reflect the profit per standard hours (Cij.Prij). These are shown in the small boxes in the
upper right hand corner of each assignment cell. This information reflects in Table 9 which
display the matrix adjusts for cost.

8. Generating the Assignment

After the information is arranged into transportation matrix (Table 9), the solution for
assignment can be obtained. Although manual solution of transportation problems is fairly
straightforward, computer solutions are generally preferred. The solution is generated by
using POM software package. To solve the problem, first we find an initial solution and
then improve the initial solution by reducing the cost. One way to find an initial solution is
to use the North-West Corner rule or Lowest Cost rule or the Vogal Approximation
Method (VAM). The next step in the transportation method is evaluation of the solution for
optimality, given a start solution. By using the POM software, the optimal loading
schedule is shown in Table 10 in standard machine hours with the minimum total cost
(578177.80)

[20%x1032 +1.4x1419 + 20.4x1032 +1.2x1032 +

20x1410 + 25x1440 + 4.6 x1089 +18.13x 3696 +
Min (Cost) Z = | 22.2x 2317 + 4.57 x 3762 + 28.6 x 1050 + 38.8 x 1200 +
10.6 x 700 +19.25x 3135+ 7 x1504 + 41x1320 +
14.12 x 2880 + 33.38 x 0 + 27.88 x 2850
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There are eight rows and twelve columns which means that M+N-1=19 assignments should
be made for transportation model. The requisite nineteen are in place. The optimal has been
found in terms of standard hours must now be converted back into actual machine hours,
and actual job units. Divide the standard hours assignments by the SMH index for each
machine. This is shown in Table 11 and Table 12. Table 11 represents the actual
assignment in terms of actual units and Table 12 represents the actual assignment in terms
of actual hours.

The load is established for each job by consulting Table 10, Table 11, and Table 12
and the calculations as follows:

For Job J1

20 SMH +SMH index of 86% equal 23.3 actual hours assigned on Machine 1 for Job J1.
This yields 23.3x5.16=120 units for J1.

For Job J2

20 SMH +SMH index of 75% equal 26.3 actual hours assigned on Machine 2 for Job J2.
This yields 26.3x3=80

7 SMH-+SMH index of 80% equal 8.75 actual hours assigned on Machine 6 for Job J2.
This yields 8.75x3.2=28

Total 80+28=108 units as required per J2.
For Job J3

1.4 SMH-+SMH index of 86% equal 1.63 actual hours assigned on Machine 1 for Job J3.
This yields 1.63x2.58=4.2

4.6 SMH +SMH index of 66% equal 7 actual hours assigned on Machine 3 for Job J3. This
yields 7x1.98=13.8

41 SMH +SMH index of 80% equal 51.25 actual hours assigned on Machine 6 for Job J3.
This yields 51.25x2.4=123

Total 4.2+13.8+123=141 units as required per J3.
For Job J4

18.13 SMH =+ SMH index of 66% equal 27.5 actual hours assigned on Machine 3 for Job J4.
This yields 27.5x5.28=145

For Job J5

25 SMH +SMH index of 75% equal 33.33 actual hours assigned on Machine 2 for Job J5.
This yields 33.33x4.5=150

For Job J6

28.6 SMH +SMH index of 100% equal 28.6 actual hours assigned on Machine 4 for Job J6.
This yields 28.6 x 7=200
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For Job J7

14.12 SMH +SMH index of 50% equal 28.24 actual hours assigned on Machine 7 for Job
J7. This yields 28.24 x6=169.4

33.38 SMH is assigned to the dummy machine (MD) so Job J7 will be partially completed.
This is a shortage of (570-169.4)=400.6 units for Job J7.

For Job J8

22.2 SMH +SMH index of 66% equal 33.6 actual hours assigned on Machine 3 for Job J8.
This yields 33.6x2.97=100

For Job J9

20.4 SMH +SMH index of 86% equal 23.7 actual hours assigned on Machine 1 for Job J9.
This yields 23.7x10.32=245

For Job J10

4.57 SMH +SMH index of 66% equal 6.9 actual hours assigned on Machine 3 for Job J10.
This yields 6.9x3.96=27.2

19.25 SMH +SMH index of 55% equal 35 actual hours assigned on Machine 5 for Job J10.
This yields 35x3.3=115.5

27.88 SMH +SMH index of 50% equal 55.8 actual hours assigned on Machine 7 for Job
J10. This yields 55.8x3=167.3

Total 27.2+115.5+167.3=310 units as required per J10.
For Job J11

1.2 SMH+SMH index of 86% equal 1.4 actual hours assigned on Machine 1 for Job J11.
This yields 1.4x2.58=3.6

38.8 SMH +SMH index of 100% equal 38.8 actual hours assigned on Machine 4 for Job
J11. This yields 38.8x3=116.4

Total 3.6+116.4=120 units as required per J11.
For Job J12

10.6 SMH +SMH index of 100% equal 10.6 actual hours assigned on Machine 4 for Job
J12. This yields 10.6 x 7=74.
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CONCLUSION

In this research, problem of splitting the jobs among many machines and allow for
each machine to perform a lot of jobs is tackled. This problem is mobilized by using
standard machine hours (SMH) to convert lot of jobs as well as the actual hours of
each machine to Standard Machine Hours (SMH).

A real case study demonstrates how a production manager can use this model in
real life. The problem was how to allocate 12 jobs on seven machines; one of these
machines (No 4) has been chosen to be the standard machine (SM).

The actual machine hours that are available per week were (442). These hours then
converted by means of the SMH to 324.75.

Later on, we suggest any available quantitative techniques, particularly,
transportation model which is more convenient to deal when the supply and demand
are in common terms which is in our case as SMH. In this case a dummy machine is
created to pickup the slack standard machine hours 33.38.

The optimal solution which has been found in terms of standard hours also
converted back into actual machine hours, and actual job units.

The solution for assignment has been obtained. Therefore splitting the jobs are
permitted and processed by more one machine. Thus it can be seen from the results,
machine M1 is assigned four jobs: J1, J3, J9, and J11. While job J2 is splited and
assigned to machines M2, and M6 as well as other jobs.

Finally, the optimal loading schedule has been generated in standard machine hours
with the minimum total cost (578177.80).

RECOMMENDATION

Based on the empirical findings of this study, following several points can be talked
later on which are not discussed in this paper.

The transportation model have been solved for total cost minimization, it is as
simple to use profits and solve for total profit maximization. Total time
minimization, productivity maximization, and other goals can be chosen as well.
The formulation which has been used in this study assumes that costs per piece are
the same on machines. If not, it would be necessary to use the cost(Cij) for each cell
in the matrix.

A criterion that must be satisfied for using the transportation approach to shop
loading is that reasonable proportionality exists between machines output rates.
When the SMH index does not apply, a heuristic modification of the transportation
method can be tried. If one machine is especially efficient for J1 and another
machine is best for J2 , the heuristic could make those assignments more profitable ,
or less costly. In other words, some assignments would be made a priori based on
clear advantages.

An issue we have not addressed is uncertainty of processing time in practice. It is
possible and even likely that the exact completion time of one or more jobs may not
be predictable in advance. It is of interest to know whether or not there are some
results concerning the optimal assignment when processing time is uncertain
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The Influence of Dynamic Envelopes on the Efficiency of Thermal Performance of
Hot — Arid Zones Buildings

ABSTRACT:

This research studies the subject of finding efficient climatic buildings whose envelops are
characterized by a high dynamic movement that enables them to react and integrate in accordance
with seasons’ changing in our hot — arid zones. The importing of architectural thoughts and the
emergence of new techniques have led to the evolution of an intellectual and urban trend that
disagrees with the least environmentally and urbanely characteristics of these regions, and
consequently, the evolution of a kind of architecture that does not belong to its environmental reality,
therefore, it has stopped in between the non-considering of the environment and the keeping up with
the western intellect and between confining to traditional architecture. Thus, the architect’s thought
and designs should be based on the deep understanding of the current potentialities of the age
concerning choosing the suitable materials and investing what others has reached concerning the
suitable technical and epistemic progress along with making use of and inspiring from our rich
architectural heritage and all what it contains concerning a comprehensive and deep understanding of
the climatic problems, and at the same time, these thoughts and designs belong to its environment and
utilizing its surrounding geographical and climatic features to reach to the drawing of futuristic paths
in establishing a harmonious and balanced with the surrounding environment to achieve the equation
of thermal balance for our buildings and then putting architecture on its right environmental way.

The research takes the problem through balancing between the employment of modern
techniques in a simply way on one hand, and the use of the natural climatic design methods on the
other hand, in order to establish dynamic buildings that imitate the severe climatic changes in the
hot — arid areas during the year, and then by raising the level of the buildings futuristic architectural
designs since these buildings explore and imitate the future and already interacting with it by the
present information and at the same time inspire from the architecture of the past and make use of it
in a contemporary style, in order to reach to the formation of a kind of architecture that is
conditioned with the surrounding climatic conditions and is capable of resistance in the future.

The importance of the research’s subject is that it supports the worldwide interest of modern
technology, and at the same time, it imitates traditional architecture through constructing dynamic
buildings responding to the surrounding climatic changes.
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DOWEL ACTION BETWEEN TWO CONCRETES

Husain M.Husain Nazar K. Oukaili . Hakim S. Muhammed
University of Baghdad, Iraqg. University of Baghdad, Iraqg. Najaf, Iraq
ABSTRACT

This paper reports eight tests in which in-plane shear forces are applied across the joint
between two different concretes forming a composite action. Shear can be transmitted
across the joint either by interlocking of the aggregate particles protruding from each face
or by shearing of the reinforcement crossing the joint. Tests are conducted on initially
cracked specimens by depending only on dowel action. The results of the tests are
compared with theoretical results of the exponential equation presented by Millard and
Johnson. The computer program of Al-Shaarbaf using the nonlinear behavior of concrete
is used to perform the analysis with inclusion of the exponential equation for dowel
action in the interface layer. The program uses 20-node brick elements with embedded
bar elements. This program is also applied to Hofbeck et al. tests. The comparison shows
that the experimental and the analytical results give good agreement where the difference
between the two is between (2.5-5)% . The use of the exponential equation gives good
results when the concrete is assumed to be initially cracked as in construction joints.
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INTRODUCTION

When two concretes one over the other are cast at different times, a construction joint
will exist. The medium which is separating the two dissimilar concretes during the
assemblage of precast and cast — in - place

concrete in composite construction is called interface. The highly stressed interface is a
potential failure plane, through which shear stress is transferred, and direct shear failure
may occur. Therefore an adequate reinforcement across such a plane must be provided to
prevent such type of failure. Because of the external tension, shrinkage, or accidental
causes a crack may form along such a plane even before shear occurs (13). Therefore the
design approach should consider the interface shear capacities for both the initially
uncracked and initially cracked concrete. It is commonly believed that a distinct
difference exists in shear transfer behavior between initially uncracked and cracked
specimens. The present work chooses the initially cracked model of interface because it is
well believed that initially cracked specimens are governed largely by the shear- slip
characteristics of the cracked plane (14).The interface area between different concretes in
composite structures represents an unknown medium especially in shear transfer
phenomenon. Therefore so many studies were done in this region especially the tests
which were done by Grossfield and Birnstiel (7) on T-beams with precast webs and cast-
in-place flanges. The other difficulty is how to model the behavior of concrete under the
existence of cracks and the assumption of initially cracked or uncracked specimen.
However, Table (1) shows the available models used to represent shear transfer through
interfaces in initially cracked or uncracked interfaces.

When load is applied, slip occurs between the two surfaces of concrete especially
when there is no enough reinforcement bars connecting them together. The shear transfer
is done by two mechanisms: aggregate interlock and dowel action (12). In an initially
uncracked model most of the shear force is carried by aggregate interlock (6). In an
initially cracked model, the
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predominant factor in transferring shear through interface is by dowel action. Therefore
the contribution of the bars in shear transfer is by their shear modulus which must be
studied and evaluated (18).

Table (1) Models of shear transfer in interfaces

Model or theory used Author

(1)Shear friction concepts (cracked and uncracked) ACI-code 318-2005 (1)

-(relying on monolithic action)

(2)Increasing roughness and interface-reinforcement Paulay et al.1974 (20) and

Percentage ratio (cracked and uncracked). Patnaik 2000 (19)

(3)Increasing concrete strength (cracked and uncracked) Walraven et al. 1987 (21)

(4)Strut-and-tie concept (uncracked) Hwang and Lee 1999 (10)

(5)Softened strut-and-tie concept (uncracked) Hwang and Lee 2000 (11)

(6)Softened truss theory (cracked) Hsu et al. 1987 (9)

(7)Shear-slip characteristics (cracked) Mattock and Hawkins 1972 (14)

(8)Smooth interface model Patnaik 2001 (17)

(9)Hybrid type finite element model Barbieri et al. 2003 (3)

(10)Elastic-plastic model (dowel action) Millard and Johnson 1984,1985 (15) (16)

(11)Two-phase model (aggregate interlock) Walraven and Reinhardt 1981 (22)

(12) Isoparametric interface element model Beer G. 1985 (4)
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SHEAR MODULUS OF DOWEL BARS

Millard and Jonhson (15, 16) proposed two equations for the dowel force by considering
the dowel bar as a beam on an elastic foundation. One of these equations is for linear

behavior Fdl and the other is Fdz for nonlinear behavior of materials, respectively as
follows:

Fd, =0.166A .G, °®'°E " e (1)
k;As
Fd, = Fdu,(1—-e™") e (2)

where the constant term is dimensionless and :

As is the shear displacement across the interface.

G f is the foundation modulus for concrete and is given by:

G, =126.26,/f,, (MPa) n(3)

® is the diameter of the bar.

Es is the elastic modulus of steel.

By dividing Eq. (1) by As, the stiffness of the dowel bar ki is governed by:

k, =0.166G, "' "°E "

When the two sides of Eq. (1) are divided by P.B,, where P is the pitch or the

spacing between the bars and B, is the width of the upper part of the precast girder
which gives the lower face of the interface, the following equation will be obtained:
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Fd, |0.166G, "®'"°E "* ‘p
= S
P.B, P.B, ..... (5)

Multiplying and dividing the right-hand side of Eq. (5) byti , the thickness
of the interface element, the following expression is obtained:

Fd, 0.166G, ""*®*"°E **t, As

ShearStress ShearModulusGpge ShearStrain(y)

0.166G, *"°®"°E "**t,

Therefore, Gpowe = 5B ...(7)
)

OI‘, GDOWEL =K — (8)

where k; =0.166G, ""®*"°E,"*  as in Eq.(4). However, the high stress

concentration in the concrete supporting the bar results in a nonlinear behavior, so that
only the initial dowel stiffness can be predicted when using this equation (16). If Eq. (2)
is differentiated with respect to As, the following equation will be obtained:

k;As
dFd :
2= —ke™" o (9)
dAs
dFd,
dAs is the nonlinear stiffness of the dowel bar which will be named kin to distinguish

it from the initial stiffness ki . Here kin is given by:
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kjAs
kK. =—k.e™" .o (10)

n |

The nonlinear shear modulus of the dowel bar ( Gpoweln ) can be
written as:

t
G .
DOWELN in P.B, ....(11)
st
or, Goowen = —k,e™ *ﬁ .....(12)

g

where FdU2 Is the ultimate shear force in the bar at which the ultimate bending moment
(Mp) is reached. Failure occurs either by tensile splitting of the concrete or when the bar
reaches its ultimate bending moment (Mp).

Fdu, =1.30%f,°°/f (1-a?) ... (13)

where T, is the cube compressive strength of concrete, and « is the ratio of
the axial stress to the yield stress of reinforcing steel (a = £,/ f,).

EXPERIMENTAL WORK

Millard and Johnson made so many test trials to investigate the effects of aggregate
interlock and dowel action. In their study, the governed curves were representing
aggregate interlock results, dowel action results and a combination between the two in
two papers (15) and (16). They suggested a nonlinear Equation (2) to represent the
relationship between shear load transferred through interface and the slip. This equation
is used in the present work, and to check its validity an experimental work is conducted in
this study through a series of tests.

The presented work is built on the assumption that the model is initially cracked,
therefore the tests done are with an initial crack. These tests and the equation used in the
program are for the dowel action effect only because as crack initiates aggregate interlock
effect will be low or having a value approaching to zero.

TEST SPECIMENS

The samples tested were rectangular concrete prisms having dimensions 200 mm x 200
mm in section and 500 mm length. The prism was divided into three parts through the use
of a separation layer of thin polythene sheeting to eliminate aggregate interlock effects.
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Four bars were used to represent the effect of dowel action which are erected in positions
in the mold at 5 cms from each side. Details of the specimen shape and dimensions are
shown in Fig. (1) and Photo (1).

200m / / ym or g12mm

200mm

l\ |I\

I‘lSOmml 200mm‘|‘150mrrl

|
gh gh |
Fig.(1): Push — off test specimen

The middle prism is fabricated with a concrete having a cube compressive
strength of 55 MPa (using rapid hardening cement) to simulate or represent the
prestressed concrete, while the side prisms are made of concrete with cube compressive
strength of 35 MPa for the representation of the slab concrete. The details of mix ratios
are shown in Table (2) of Ref.(16). The middle prism is cast after fixing four deformed
steel bars throughout the prisms length to represent dowels. The steel bars which are
provided used as dowels are of the same bar diameter in each test. Four of the tests are
with #8mm bars and other four tests with gl2mm bars. After 24 hours, the mold of side

parts are removed and replaced by a layer of polythene sheeting to represent the interface
layer, then the side prisms are cast.
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PHOTO (1) Middle prism and dowel bars used in the test
Table (2): Concrete mix designs (16)

Target Cement Water Fine Coarse
strength content content aggregate aggregate
(N/mm2) (kg/m3) (kg/m3) content content
(kg/m3) (kg/m3)
35 300 180 701 1194
55 436 205 615 1094

The material properties are shown in Table (3). In 21 days of curing (14 days in
water and in 7 days in air curing), the specimens were erected on a prepared frame fixed

on a universal testing machine to conduct the test. Details of tests are shown in Fig. (2).

Table (3): Material properties used in the tests (16)

Concrete used Cube Tensile strength Steel used

compressive fct ¢12mm ¢8mm

strength
f,=28+002f, | fy e | T, E,

f., (N/mm2)
(N/mm2) (N/mm2)| (N/mm2)| (N/mm2)|(N/mm2)

Middle prism 55 3.9 196000 196000
Edge prisms 35 35

The load was applied incrementally to the middle prism from the bottom to push
it up while the side prisms were fixed and no movement was allowed for them. The

corresponding slip was measured through two dial gauges. The record comprises shear
load transferred through the interface and slip.
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T 1T

Slip measurement gauge

Push-off specimen e -

L
11

\ 4

Movable head for load application

/l/ Load

Fig.( 2): Instrumentation and test of push-off specimens

RESULTS OF EXPERIMENTAL WORK

The results of the tests are shown in Table (4) for the dowel bars of ¢#8mmm and for
#12mm and compared with the results of Equation (2).
Figs. (3 and 4) show the relation between the shear force and the slip for two cases of

dowel bar diameters selected (#8MmM) and (#12mm) These relationships are

represented in terms of shear force and slip for simplicity. It can be represented also by a
relationship between the shear stress (which is mentioned also in Table (4)) and the slip.

The shear stress, T is defined as the total shear load transmitted by the reinforcement
divided by the area of the crack. The area of the crack is represented by the area of the
adjacent faces of the concrete prisms (200mmx200mm). It can be shown from the figures
that increasing the diameter of the bars resulted in a higher shear stiffness and ultimate
stress. Failure occurred not by splitting but by crushing of the concrete (Photos 2, 3, and
4). It is likely that the axial tension caused some localized damage and softening to the
concrete so that there was a reduction in the splitting stresses below the bar at the crack
(joint) face. The shear loading itself will also cause further damage to the concrete. This
is likely to reduce the effectiveness of the tensile anchorage of the bar within the concrete
and could explain why the crack became wider as shear loading was applied, Photo (4),
even though no overriding of the crack faces was expected.
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Fig. (3) shows a comparison between the experimental and the analytical results

governed by eq. (2) for bar of #8mm diameter (shear force transferred by dowel action

with slip). At the same time the relationship between shear stress (transferred through
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interface by dowel action) and slip is explained in Fig. (5). The results give good
comparison where most of the curve points coincided. In Figs. (4 and 6) the experimental

and the analytical results of the tests using bar of @#12mm diameter are shown. The

results here give accurate coincidence with the others compared with the test of g8mm

bars. This surely explains the truth that the shear stress transmitted by dowels is increased
by increasing the area of dowel bars or the number of these dowel bars. The nonlinear
shear stiffness of the dowel action specimens may be attributed to one or both of two
causes. The first cause is splitting or crushing of the concrete supporting the bar and the
second cause is the plastic yielding of the dowel bars.

P
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o
=
o
-
—
3]
(]
<
9]

—@— Millard-Johnson Eq.(5.1) results.

—3k— Experimental results using dowel bars of 8mm diameter.

Fig.(3)Comparison between experimental and Millard-Johnson Equation (2) results

using dowels of 8mm diameter bars
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Fig.(4) Comparison between experimental and Millard-Johnson Equation(2) results

using dowels of 12mm diameter bars

Shear stress (MPa)

—O—  Millard-Johnson Eq. results
—=f=— Experimental results

Fig.(5) Comparison between Millard-Johnson Equation
results of shear stress-slip and experimental results using dowels of 8mm diameter
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Fig.(6) Comparison between Millard-Johnson Equation results of shear stress-slip

and experimental results using dowels of 12mm diameter

Photos (2, 3, and 4) show the failure mode of the specimens using dowel bars of
8mm diameter. It is clear from the pictures that the cracks are due to crushing of concrete
near or under the dowel bars because of the reduction in splitting stresses under the bars.
Photos (5, 6 and 7) are for dowel bars of 12 mm diameter. In these photos the same type

of failure is repeated here with wider and more severe cracks.

PHOTO (2) Specimen with 8mm dowel bars after test

3595




H. M. Husain Dowel action between two concretes
N. K. Oukaili
H. S. Muhammed

TN 2 e
P e > TR e

L
o X
:

R

PHOTO (5) Crushing failure of specimens with 12mm bars.
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PHOTO (7) Upper and side cracks with 12 bars mm specimens
Finite element analysis of Hofbeck et al. reinforced concrete push-off

specimens

The aim of the push-off tests which were done by Hofbeck et al. (8) was to study the
transfer of shear across the interface between a precast prestressed girder and a cast -in —
place slab. A typical specimen is shown in Fig. (7). Hofbeck et al. (8) tested thirty-eight
specimens, some with and some without a pre-existing crack along the shear plane. 20-
node brick elements of Al-Shaarbaf (2) for concrete with embedded bar elements were
used in the present work. Also the interface was considered as a brick element with an
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existing crack or initially cracked. Details of dimensions and reinforcement of push-off
test are shown in Fig. (7).

Material properties and the additional material parameters used in the finite
element analysis are listed in Table (5)

No0.10 stirrups Shear plane

a
A

» X

No. 10 mm stirrup

/

O 4No. 16

O 8No.13

All dimensions are in mms.

Fig.(7) Dimensions and reinforcement details of push-off specimen.

specimen
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Concrete ( interface also included )

E Young’s modulus (MPa)
c

' Compressive strength (MPa)
¢ (Hofbeck et al.

test) (8)

f Tensile strength (MPa)
t

V = Poisson’s ration

Reinforcing steel

Young’s modulus (MPa) 200000

Yield stress (MPa) 349
325
292

Tension stiffening parameters

Rate of stress release as the crack widens.

The sudden loss of stress at the instant of cracking.

Shear retention parameters

Rate of decay of shear stiffness as the crack widens.

V1

The sudden loss in shear stiffness at the instant of
7/2 cracking.

V3

(*) Assumed values

Residual shear stiffness due to the dowel action.
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Finite element idealization of push-off specimen of Hofbeck et al.

The specimen which is considered by Hofbeck et al., as an initially cracked specimen is
tested here. It is discretized into nine brick elements, one of them is the interface (element
NO.5), Fig. (8).

Element 7

Element 2

Element 6

<«—Viewing

Element 4

[ P —
| o

Element 5 Element 3

Fig .(8) Finite element mesh used for push-off specimen of Hofbeck et al in the

present study

The interface element has a thickness of (0.01-0.1) b, where b is the length of the
face adjacent to interface, Desai et al. (5). Therefore, depending on the previous
assumption the thickness of the interface is taken to be 3mm (0.1b).
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The distribution of the nodes in the 20 — noded brick elements is as shown in

Fig. (9).

114

112

.
~
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29

9 13
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106

NE ]
. &MT%}M” ‘
NN N R N

Fig. (9) Distribution of nodes on the 20- noded brick element of the test

specimen
RESULTS OF THE ANALYSIS OF PUSH-OFF SPECIMEN.

In the analysis of push-off specimen tested by Hofbeck et al. (9), the interface model used
is where dowels are used. The nonlinear Equation (11) of the shear modulus is added and

contributed in the constitutive matrix [D] The results of the analytical load-slip relation
by finite elements are shown in Fig. (10) which are compared with the experimental
results. The figure indicates good agreement throughout the entire range of load — slip
behavior. The numerical ultimate load is (222.25 kN), while the experimental ultimate

load is (222.3 kN).
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Fig. (10) Experimental and analytical load-slip curves of Hofbeck et al.(8) push-off

specimen using Millard-Johnson nonlinear equation of dowel action

Fig. (11) shows the analytical results compared with the experimental results when the
model of linear Equation (6), proposed by Millard and Johnson (16), is used. It is clear
that there would be a difference larger than that shown in Fig. (10) when Millard-Johnson
nonlinear equation is used, where the ultimate analytical load obtained is (224.875
kN).The ratio of the predicted load to the corresponding experimental load is (1.01158).
Therefore it is preferable to use the Millard-Johnson nonlinear equation because the
ultimate shear values in experimental and analytical results coincide. Besides it is well
known that the relation between shear force transmitted through an interface and the slip

is always of exponential form which coincides with that of Millard-Johnson equation.
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Fig. (11)Experimental and analytical load-slip curves of Hofbeck et al. for push-off

specimen using Millard-Johnson linear equation of dowel shear modulus

CONCLUSIONS
The conclusions which can be deduced are listed herein:

1- The exponential equation presented by Millard-Johnson to represent the shear transfer
through interface with slip by dowel action is sufficiently accurate. When comparing the
results of this equation with the results of tests done in the present work and in Hofbeck
et al. work, the two give good and reasonable comparison where the difference between
analytical and experimental work is between 2.5% and 5% for 8mm ¢ and 12mm ¢ bars
respectively.

2-The exponential equation is used only for initially cracked specimens because as crack
initiates, the transfer of shear is achieved mostly by dowel bars and hardly by aggregate
interlock.

3- As the area or number of dowels are increased the slip is decreased and that is due to
the contribution of the bar stiffness in the overall stiffness of the member.

4-1t is suggested to reach to a certain equation representing the shear transfer through
interface by combined aggregate interlock and dowel action .
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STABILITY INDEX OF THE TREATED WATER FROM AL-
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IN BAGHDAD CITY
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ABSTRACT

An analysis was performed on the treated water from two water treatment plants in Baghdad
city. This analysis was used to evaluate the stability of the treated water from these plants and
that will flow in the distribution system to consider its corrosivity. The variation in water
stability with time and distance from the north to the south of Baghdad was indicated. The
analysis showed that the flowing water in the distribution system in Baghdad is corrosive to very
corrosive water by calculating Ryznar stability index (RI). In Al- Karkh WTP in the north, RI
maximum ranged between 7.958 to 9.403 where RI minimum ranged between 7.03 to 7.915.
Where in the south Al-Rasheed WTP, RI maximum ranged between 7.119 to 8.63 and RI
minimum ranged 6.679 to 7.994. The corrositivity of water decreased in the water flowing down
stream. The water quality parameters affecting R1 was discussed which were calcium, alkalinity,
total dissolved solids and pH.
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INTRODUCTION

Control of water quality in the distribution system seeks to preserve the basic characteristics of
water during its conveyance from the point of production and treatment to the consumers tap.
The finished water should be completely stable in its compositional and physical attributes. Also
the conveyance system and accessory structures (pipelines, distributing reservoirs, mains and
serves pipes) should be reactively inert to the water being conveyed. Most water quality
parameters affect the corrosion process to some degree and that each pipe material is affected
differently. Altering one parameter to subdue its effect on the corrosivity of water may well
change other water quality characteristics, perhaps rendering the water even more corrosive or
less likely in some other way to meet drinking water standards (AWWA, 1971). This complex
interrelationship of water quality factors that affect corrosion was dictated by many researchers.

Millete et al. (1980) Joined in a national survey covering water supplies serving approximately
one fifth of the US population which showed that almost 70% of the representative utilities to
have moderately to highly aggressive waters, where 16-18% had highly aggressive waters. The
data were analyzed using the Langelier Index (LI) and Ryznar Index (R1). The mean value of LI
for the representative utilities was - 1.17 indicating aggressive waters. The data also showed that
20% of the utilities of water supplies had an average Rl above 10 indicating very aggressive
water. A comparison between the two indices showed good agreement in the results.

Pisigan and Singly (1985) reported the influence of some water quality parameters in
particular the LI on the corrosion of galvanized steel using a dynamic circulating water system.
Metal pipes (25mm x 50mm) were used in a 40 day experimental run. The corrosion damage was
evaluated in terms of weight loss of the metal. Three types of water were tested. The results
showed that the greatest corrosion was in the water A of LI = - 0.46 where corrosion in water C
of LI= 0.57 was greater than in water B of LI= 0.04. Change in water quality parameter were
monitored, hardness and alkalinity exhibited a continuous decline. The rate of decrease of
hardness was much greater in water A and C than in water B. The pH dropped initially and then
increased slightly at the end of the 40 days.

Pisigan and Singly (1987) dictated from their experimental work that increasing the buffer
capacity at a constant water alkalinity of 200mg/l as CaCOg3 in the pH range 6-9 decreased the
corrosion rate of mild steel. However an increase in the buffer capacity at various pH by raising
the alkalinity did not lower the corrosion rate because of the effects of higher ionic strength and
conductivity. Also higher chloride content increased the corrosion rate in some waters of high
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buffer capacities. A chlorine residual 1-1.5mg/l as Cl, also accelerated the corrosion rate in mild
steel and copper during batch studies. The same effect would be observed in distribution systems
because of the high oxidation potential of hypochlorous and hypochlorite ion.

Al Stone et al. (1987) studied the corrosion rate of common plumbing materials. Copper and
zinc were investigated as a function of physical and chemical water quality characteristics. For
the systems studied, changes in dissolved O,, conductivity and temperature had a moderate affect
on the corrosion rate of both Cu and Zn, whereas pH and chlorine residual affected Cu corrosion
rates but not those of Zn. Increases in conductivity up to about 200 pS/cm increased Cu
corrosion rates significantly but generally had less effect at higher values. Zinc corrosion rates
increased with conductivity up to 1000 pS/cm. For equal conductivities, corrosion rates were
greater in systems with chloride than in systems with HCO3, where SO, had an effect equivalent
to chloride on aged Cu and Zn electrodes but equivalent to HCO3 on fresh Cu.

Steve et al. (1987) in a 18 month monitoring program, evaluated the relationship between
copper plumbing corrosion and variations in delivered water quality in several communities in
the Pacific Northwest. Significant relationships were found for copper corrosion rate dependence
on pH and free chlorine residual. The data indicated that as the pH increased from 5.8 at the start
of the program to 7.7 after 12 months of operation, the corrosion rate decreased from a weekly
average of 21.6um/year to 10.2 6um/year (a 54% decline). The regression equation coefficient
indicated that the corrosion rate changes with chlorine residual, approximately 25.6pum/year per
mg/I chlorine.

WATER STABILITY

Water can exhibit a tendency to either dissolve or deposit certain minerals in pipes, plumbing,
and appliance surfaces. This tendency is known as stability. Water that tends to dissolve minerals
is considered corrosive. Conversely, water that tends to deposit minerals is considered scaling.
The tendency of corrosive water to dissolve minerals can be detrimental to water quality and to
the distribution systems. In addition to dissolving calcium and magnesium, corrosive waters can
also dissolve harmful metals such as lead and copper from plumbing utilities. The presence of
dissolved lead or copper in tap water, require treatment techniques to reduce the corrosiveness of
the water. Scaling waters deposit a film of minerals on the pipe wall which reduces and, in some
cases, prevents corrosion of metallic surfaces. If the scale deposition is too rapid, however, it can
also be harmful. Excessive buildup of scale can damage appliances, such as water heaters, and
increase pipe friction coefficients, in extreme cases, scale may clog pipes. Therefore, to prevent
corrosion yet but limit scale deposition, the most desirable water is one that is just slightly
scaling (Qasim et al., 2000).

OBJECTIVES OF THE STUDY

All WTPs in Irag are designed as conventional plants. This treatment process does not
significantly affect the concentrations of the dissolved constituents, so the characteristics of the
raw and treated water are quite the same. The study analyzed the quality of the effluent (treated
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water) from the treatment plants in Baghdad. This analyze was performed on the treated water
from two chosen plants, Al-Karkh WTP in the north of Baghdad and Al-Rasheed WTP in the
south. The data of the water quality were recorded in Amant Baghdad (water sector) for the
period between 2000 until 2004 for the maximum and minimum recorded parameters. The
analysis is to evaluate the stability of the water flowing from Al-Karkh and Al-Rasheed WTPs to
consider its corrosivity. The variation in water stability with time and distance from the north to
the south of Baghdad is to be indicated.

COMMON METHODS USED TO MEASURE WATER STABILITY

The most common methods used for calculating the stability of water are Langelier saturation
index (LI) and Ryznar stability index (Degremont, 1991; Kawamura, 2000; Millete et al., 1980;
MWH, 2005; and Qasim, et al., 2000).

1-Langelier Index (LI)

Describes a saturation index based on determined parameters which have been used in
estimating the corrosion potential of water. This index compares the actual pH of the water to the
pH of the water if it were saturated with calcium carbonate (Qasim et al., 2000).

The basic equations used for the determination of LI are:

LI = pH actual — pH saturation eq.1
where pH actual = measured pH of water
pH saturation = (pk’2 — pk's) + pCa™ + pAlk +S eq.2

(pk'2 — pk’s) = dissociation constant based on temperature and total dissolved solids or ionic
strength.

pk'2 = acidity constant for the dissociation of bicarbonate.

pk's = mixed solubility constant for CaCOs

pCa*? = - log (calcium ion in moles / liter)

pAlk = -log (total alkalinity in equivalent of CaCO4/ liter)

S = salinity correction term = 2.5 p */ (1+5.3pn” +5.5p) eq.3
where p = ionic strength

For total dissolved solids content less than 500 mg/l ,the ionic strength may be estimated by
2.5x 10®° x TDS . An alternate approximation of ionic strength can be made using the total
hardness and total alkalinity (Millete et al., 1980). Table 1 shows the scale and corrosive
tendencies of water at different Langelier index.
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Table 1 Scale and Corrosion Tendencies of Water with Different Langelier Index

L1 /Range Indication
The index is zero Water is in equilibrium.

A positive index Oversaturation and the tendency of water are to lay down a

protective coating in the pipe.

A negative index Under saturation and the tendency of water to be aggressive to
the pipe. The greater the value, the greater the aggressiveness.

2-Ryznar Index (RI)

The same parameters in the Langelier saturation index are also used in this index. The Ryznar
index is a quantitative index of the amount of calcium carbonate scale that would be formed and
to predict the corrosiveness of waters that are non scale forming (REF). The equation for the
determination of RI is:

RI = 2pH saturation - pH actual eq.4

Table 2 lists the scale formation or corrosive tendencies of waters with various Ryznar index
values (Qasim et al., 2000).

Table 2 Scale and Corrosion Tendencies of Water with Various Ryznar Index Values

RI/Range Indication
Less than 5.5 Heavy scale formation
55t06.2 Some scale will form

6.21t0 6.8 Non-scaling or corrosive
6.8 10 8.5 Corrosive water
More than 8.5 Very corrosive water

RESULTS AND DISCUSSION

The stability of the treated water from the two plants (Karkh and Rasheed) was calculated
according to the water quality of the effluents of these plants. In this study the Ryznar Index (RI)
was used to evaluate the stability of the effluent from these plants using eq.4. The US
Environmental Protection Agency (USEPA) has recommended the use of Langelier index and
Ryznar index by utilities to monitor the corrosion potential of water (Pisigan and Singly, 1985).
The measured parameters of the treated water that affect the stability index are calcium
concentration, alkalinity, total dissolved solids and pH.
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CALCIUM (CA)

After bicarbonate, calcium is the second most prevalent constituent in most surface waters of
the world and is generally among the most prevalent three or four ions in groundwater.
Weathering and soil ion exchange reactions are the main sources of calcium in natural waters.
Common minerals forms of calcium are calcite, also known as aragonite (CaCOs3), gypsum
(CaSQ,4.H,0) anhydrite (CaSO,) and fluorite (CaF,). Calcium is generally present as the free ion
Ca*? in natural waters and adsorbed into soil particles calcium concentrations can reach several
handred milligrams per liter in arid regions or under conditions where hydrogen ion activity is
higher than under atmospheric equilibrium conditions. Waters with calcium levels between 60
and 100 mg/L are generally considered moderately hard to hard as calcium is a primary
constituent of water hardness. Calcium is of importance to industry as a component of scale. The
precipitation of CaCOj3 scale on cast iron and steel pipes helps inhibit metallic corrosion but the
same precipitate in boilers and heat exchangers adversely affects heat transfer. Water high in
calcium have a nuisance value in wash waters both domestic and industrial, as the alkaline
environment causes precipitation of the calcium (scale) on fixtures and soap (MWH, 2005).
Increasing the Ca concentration will decrease the corrosivity of water, as Ca is important in
various roles, including calcium carbonate scales, mixed iron/calcium carbonate solids and the
formation of a passivating film on the surface of the pipe, to control corrosion (Schock, 1989).
From the recorded data the maximum concentration of Ca ranged between 53 to 143 mg/l in Al-
Karkh WTP as shown in Fig.1la.Whereas in Al-Rasheed WTP the maximum concentration was
62 to 146 mg/l. The minimum concentrations shown in Fig.1b ranged 46 to 74 mg/l in Al- Karkh
and 62 to 130mg/l in Al- Rasheed .These results indicate that calcium increased from the north to
the south in the treated water in Baghdad city. Also a slight increase could be observed with time
in Al-Rasheed WTP where the Ca concentrations remain at low and constant values in Al-Karkh
WTP in the north of Baghdad.

ALKALINITY (ALK)

Alkalinity is a measure of the ability of water to resist changes in pH. Alkalinity in water is due
to the presence of weak acid systems that consume hydrogen ions produced by other reactions or
produce hydrogen ions when they are needed by other reactions allowing chemical or biological
activities to take place within water without changing the pH. The primary source of alkalinity is
the carbonate system, although phosphates, silicates, borates, carboxylates, and other weak acid
systems can also contribute. In water treatment plants, alkalinity is required in the coagulation
process for the reaction of alum, lime could be added if the natural alkalinity is not enough for
this reaction (MWH, 2005).

Fig.2a shows the maximum alkalinity in Al-Karkh WTP ranging from 124 to 161 mg/l as
CaCO3 with a slight difference in Al-Rasheed WTP which was 126 to 169 mg/l as CaCO3, The
minimum values were 94 to 143 mg/l as CaCOs in Al-Karkh and 122 to 158 mg/l as CaCOj3 in
Al-Rasheed as shown in Fig.2b. Also indicating that the alkalinity increased in the effluent from
the south WTP. Corrosivity of water decreases as the alkalinity increases where it is necessary to
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provide a stable pH throughout the distribution system for corrosion control of metal pipes
(Schock, 1989). Low iron corrosion rates and iron concentrations in the distribution systems
have been associated with higher alkalinities (Pisigan and Singley, 1987). The alkalinity of the
treated water from the two plants seems to decrease with time which could be observed from
these Figs.

TOTAL DISSOLVED SOLIDS (TDS)

TDS in water are due to inorganic salts. Principally these inorganic constituents are calcium,
magnesium, sodium, and potassium salts of bicarbonate, chloride, sulfate, nitrate and phosphate.
These compounds originate from weathering and leaching of rocks, soils and sediments. Also
some of these compounds are added to the water in the treatment plant (MWH, 2005).

The variation of TDS in the treated water was large from the two plants as shown in Fig.3a and
Fig.3b. In Al-Karkh WTP the maximum values ranged between 280 to 680 mg/l and the
minimum between 240 to 540 mg/l. The TDS increased in the Al-Rasheed WTP where the
maximum concentrations reached 340 to 1020 mg/l and the minimum 330 to 800 mg/l. The
conventional treatment process does not affect the dissolved content of the treated water so the
high TDS concentrations in Al-Rasheed effluent are due to the raw water quality entering this
plant. The increasing amounts of dissolved solids in the Tigris River are due to the discharge of
waste water, leaching of fertilizers and the natural weathering of the soil. These concentrations
are decreasing with time from the two plants as shown in Figs.3a and 3b.

HYDROGEN ION CONCENTRATION (PH)

pH is a measurement of the acid base properties of a solution. pH is important in water
treatment as it directly influences the dosages of chemicals added to reduce hardness and
coagulate particles (MWH, 2005).The higher pH of the water in the distribution system will
decrease the solubility of the corrosion by products formed in the system (Schock, 1989).
The maximum values of pH ranged between 7.5 to 8 in Al-Karkh WTP and in Al-Rasheed WTP
from 7.4 to 7.9. The minimum values varied between 6.9 to 7.6 in Al-Karkh and in Al-Rasheed
from 7.1 to 7.9. As shown in Figs.4a, and 4b.This variation in pH of the effluent from the water
treatment plants depend on the amount of coagulants added for suspended solids removal and the
chlorine dose used for disinfection. The variation of pH with time seems to be stable in the two
plants. From these Figs.pH max ranged between 7.6 to 7.9 where the min. ranged 7.2 to 7.8.

RYZNAR INDEX (RI)

The effect of TDS content on water corrosivity is a complex issue. Both the species and the
concentration of ions are important factors. Some species such as carbonate and bicarbonate
reduce corrosion, whereas chloride, sulfate, bromide and nitrate ions markedly accelerate
corrosion. Temperature also affects the corrosion process. Higher water temperatures accelerate
the rate of corrosion by increasing the rate of the cathodic reaction. The chemical reaction rate
generally is doubled for every 8°C increase in temperature (Kawamura, 2000). Fig.5a and 5b
show the variation in the stability index RI of the effluents from the two plants.
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In Al-Karkh WTP RI max ranged between 7.958 to 9.403 where Rl min ranged between 7.03 to
7.915. In Al-Rasheed WTP RI max ranged between 7.119 to 8.63and RI min ranged 6.679 to
7.994. According to Table 2 the effluents from these plants are classified corrosive to very
corrosive water (RI is more than 6.8). The high RI value in the treated water from Al-Karkh
WTP was because of the low Ca and alkalinity content. The Rl max. for the two plants remain
varying between 8.0-8.5 in Al-karkh and 7.5-8.0 in Al-Rasheed, where Rl min. ranged 7.5-7.7
and 7.1-7.3 respectively. This may indicate a constant corrosivity with time. The corrosivity
index show that the water is corrosively high in the north part in Baghdad city (Al-karkh WTP)
and decreases at the south (Al-Rasheed WTP).

CONCLUSIONS

1-Water quality affects the corrositivity of the treated water flowing from the WTPs to the
distribution system in Baghdad city. The parameters most influence the corrosion and leaching
the materials of the distribution system are:

a- Calcium (Ca) concentration increased in the treated water from Al-Rasheed WTP that might
decrease its corrosivity.

b- Alkalinity (AIK) increased in the effluent of water treatment plant in the south that affects the
corrosivity inversely.

c- The increasing amounts of the total dissolved solids (TDS) in the Tigris River are due to the
discharge of waste water, leaching of fertilizers and the natural weathering of the soil. These
concentrations are high in the flowing water in the south of Baghdad. As mentioned before the
treated water also contains high amounts of these contents that will increase the corrosivity of the
water.

2- The calculated stability index RI indicated that the treated water from the two plants was
corrosive to very corrosive water. The corrosivity index show that the water is highly corrosive
in the north part of Baghdad city (Al-karkh WTP) and decreases at the south (Al-Rasheed WTP).

RECOMMENDATIONS

Control of water quality in the distribution system seeks to preserve the basic characteristics
of water during its conveyance from the point of production and treatment to the consumers tap.
The finished water from the two treatment plants should be completely stable in its
compositional and physical attributes. Several methods could be applied in the treatment plants
to produce stable water like pH adjustment or adding corrosion inhibitors. The treatment process
in Al-karkh plant should be highly adjusted, as the corrosivity index indicates very corrosive
water.
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NUMERICAL ANALYSIS OF CONTROLLED MODULUS
COLUMN FOUNDATION SYSTEM SUPPORTED
EMBANKMENTS

Zainab Ahmed AlKkaissi
(Civil Eng. Dep. University
of Al-Mustansiriya)

ABSTRACT

The objective of this research is to present the numerical analysis of deep
foundation system namely controlled modulus columns (CMC) for support of
embankments. This paper describes the analysis modeling used for CMC foundation
system using the finite element method. The elasto-plastic finite element model used to
simulate the embankment soil foundation has been verified against field data. The results
obtained from this study showed that the effect of CMC could be negligible when the soil
strength increased in terms of its angle of internal friction. With low values of internal
friction angle, the CMC reduce the potential of surface deformation about 12%. The
values of surface deformation decreased with column diameter until it reach constant
value at (0.5m) where less than this values the reduction in deformation could be
negligible or have insignificant effect. The maximum deformation was observed at the
middle of embankment, also the deformation at the embankment foundation reduce by
about (17%) when take into consideration the CMC in soil embankment foundation.
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INTRODUCTION

When the embankment is founded on soft soil deposits several problems arises such
as settlement or stability problem due to lack of bearing capacity, and or in case of loose
saturated fine sand subjected to liquefaction due to ground shaking. To overcome these
difficulties, a wide range of deep foundation systems has been developed for construction
of embankments on soft soils (Porbaha et. al, 2002 a). The objective of this research is to
present new deep foundation system namely controlled modulus columns (CMC) for
support of embankments.

The behaviour of a test road embankment constructed on soft soil deposits at
Haarajoki, Finland is simulated with a multi-laminate constitutive model accounting for
structural anisotropy and destructuration effects. Structural anisotropy is achieved by
directional distribution of the state variables which are responsible for the bonding of
natural soft soil material. The numerical calculations are completed with a finite element
method program capable to perform coupled static/consolidation analysis of soils.
Problems related to the initiation of in situ stress state, conditions of preconsolidation.
Despite simple assumptions concerning field conditions and non-viscous formulation of
the constitutive model, the obtained final results are of a sufficient accuracy for
geotechnical practice (Neher and Cudny, 2003).

The objective of this research is to present the numerical analysis of deep foundation
system namely controlled modulus columns (CMC) for support of embankments. This
paper describes the numerical modeling used in the analysis of CMC foundation system
using the finite element method. Under uniform surcharge traffic load the problem can be
studies by plain strain conditions. The approach to the problem allows taking into
consideration the settlement tolerance associated with these conditions; and the
variability in different soil characteristics.

The Controlled Modulus Column (CMC) as shown in Figure(1), is a ground
modification system that reinforces soil by screwing hollow auger into the soft soil and
installing a low pressure cement-based grout column through the hollow auger. The
combined effect of densification and reinforcement improves characteristics of the soft
ground due to composite action. The CMC system uses a displacement auger
powered by equipment with very large torque capacity and very high downward
thrust, which displays the soil laterally with virtually no spoil or vibration. The
auger is screwed to the soil to the required depth and such it increase the density of
the surrounding soil and thus increases its load bearing capacity (Porbaha et. al,
2002 b).
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Figure (1): Concept of Column- Supported Embankment.

FINITE ELEMENT ANALYSIS AND MODELING

Work conducted in this part of research aims to numerically analyzing the behaviour
of performance embankment structure with CMC system. Numerous researchs used
F.E.M to analyze embankments structure over soft soils ( Andrawes et. al. 1980, Han
and Gaber 2002, Li and Rowe, 2002) and embankments with vertical band drains
(Indrartna, et. al. 1992, Hird et. al. 1992). Porbaha et. al ( 2002 a) simulate the CMC
using the axiymmetrical finite difference method to study the behavior of embankment
structure with CMC system.

In this paper the method of CMC is described and simulated using finite element
numerical analysis as a plane strain conditions with elasto plastic hyperbolic yield
criteria. The finite element analysis using the computer program is conducted to discern
the stress, strain and surface deformation magnitudes and distribution beneath
embankment under varying parameters including column diameter, mesh dimension, soil
strength properties. The numerical results are compared with field data.
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MODELING OF PROBLEM

The implementation of the model and simulation of embankment soil foundation
behavior have been completed using the finite element approach. The finite element mesh
and the boundary conditions are shown in Figure (2). Which include 48 elements for soil
foundation and 32 elements for embankment. Eight nodded rectangular element has been
adopted in this study with 263 nodes and the boundary conditions were adopted as
follows: vertical boundaries have zero lateral movements, i.e, roller support and the
bottom horizontal boundary was restrained both vertically and horizontally.

The finite element program developed in this research is primarily based on the
program P6.2 presented by Smith and Griffiths (1998) for the analysis of elasto plastic
constitutive relations under static loading case. This program is an educational one and
has many limitations regarding loading and geometry conditions.

Extensive modifications and newly added subroutines are found necessary to
incorporate the initial stress conditions, where the magnitude of insitu stresses in soil
embankment layer should be computed at the beginning of the incremental solution, also
the embankment layer elements, different properties for different layer, simulation of
cement column in embankment soil foundation system

The F.E. program is described, as shown in Appendix (A). The basic finite steps are
performed by primary subroutines, which rely on auxiliary subroutines to carry out
secondary operations. An auxiliary subroutine may be required by more than subroutine
and the order of calling of the primary subroutine is controlled by a main or master
routine.
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Figure (2): The Finite Element Mesh.
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Verification of Computer Program

The results of the finite element program were compared with field data for an
embankment section to verify the correct implementation of soil embankment foundation
system used in this research. A major instrumented embankment was constructed to 5.5
m elevation above ground level and over soft compressible clay deposit at Leneghan,
Newcastle in May 1995 (Manivannan, 2005).

The Field and finite element results for predicting performance of this embankment
are described. The measured vertical displacement profiles obtained from the HPG
reading (horizontal reading profile, based on hydrostatic pressure difference) at the
foundation level. The embankment profile used for verification of finite element program
is shown in Figure (3). Also the input parameters are shown in Table (1) (Manivannan,
2005). The finite element program results have been verified against the field data as
shown in Figure (4). The results obtained from finite element analysis are seemed to have
reasonable agreement with the observed performance of Leneghans embankment in terms
of wvertical displacements. The vertical displacement is measured at the toe of
embankment and the maximum deformation was observed at middle of embankment
profile.

30m

A
v

0000 00000000000

QUOQ0000QQ00QQ

SRR TRTRTRRRRRIRIRRRRRRRRRR R RN RANANNNNANNNN NN NN

le |
[ >

60 m

Figure (3): Profile of Cross Section for Test Embankment.
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Table (1): Input Parameter for F.E. Program Verification.

Material Embankment Foundation Soil
Soil (soft soil)

E (kPa)

Poisons Ratio (v) 3 ‘l A4

Friction Angle (°)

QQ
I

| Unit weight (kN/m°) ‘

14

1.2

1.0

0.8

0.6

0.4

Vertical Displacement (m)

F.E.Results

{ —4@— Field Measurement 1

0.2

LU0 e s s e S L L L L LB L LB L B L
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

Horizontal Distance (m)
Figure (4): Verification of F.E. Computer Program.

Also verification of computer program for horizontal and vertical stress distribution
with depth have been made. Haarajoki test embankment, which its profile section is
shown in Figure (5), has been implemented with finite element program and the material
parameters are shown in Table (2) (Neher and Cudny, 2003).

The comparison between field and numerical results are presented in Figure (6) and (7)
for vertical and horizontal stress distribution respectively and a good agreement is
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obtained. But still horizontal stress is overestimated at some location due to the applied
isotropic hardening adopted in the finite element program.

Table (2): Input Parameter for F.E. Program Verification (Neher and Cudny, 2003).

Material Embankment Foundation Soil
Soil

E (kPa) 50 ‘l 20 ‘l

Poisons Ratio (v)

A
.o
B

v

3m

\

24.2 m
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Figure (5): Profile of Cross Section for Haarajoki Test Embankment.
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—@— Field Results

Finite Element Results

Depth below Embankment (m)
|

20 40 60 80 100 120 140 160
Vertical Stress (kPa)

Figure (6): Vertical Stress Distribution below Embankment.

—@— Field Results

Finite Element Results

Depth below Embankment (m)

Horizontal Stress (kPa)

Figure (7): Horizontal Stress Distribution below Embankment.
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RESULTS AND DISCUSSIONS

Before the Finite element analysis, the effect of element number on finite element
analysis results was checked by comparing the finite element results for two cases with
different element number. As shown in Table (3), a check case had four times the
foundation elements, four times embankment elements. The F.E.M analysis predicted
almost the same maximum surface deformation and maximum foundation stress for both
cases.

Table (3): Effect of Element Numbers on Accuracy of Results.

Case Element Number Surface Foundation
Foundation || Embankment | Deformation(m) || Stress (kPa)
Element Element
Base case 48 32 0.02044 192.523
Check case 192 128 .02035 191.997

After complete the verification of F.E. program for both model simulation and the
accuracy of element numbers, the behaviour of CMC with embankment foundation
system has been investigated. The profile section of embankment with CMC is shown in
Figure (8) for 1.4 C/C column spacing, and a parametric study was conducted. The input
parameter used in the finite element analysis is listed in Table (4) below with traffic load
surcharge 20 kPa .

2m 4m |
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QOO0 QQQQQ

15m

Figure (8): Profile of Cross Section for Studied Embankment.
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Table (4): Input Parameter for F.E. Analysis.

Material Embankment Soil CMC Transition Layer
(Stiff Layer)

E ‘l 50 (kPa) ‘l 11000 MPa ‘l 80 ‘l

Poisons Ratio (V)

IQIQIQ

Cohesmn (kpa)

| Diameter (m) | - | 02-1.0 | |

To consider the effect of soil strength, angle of friction are considered in
parametric study. Figures (9) and (10) show the effect of soil properties on surface
deformation at the toe of embankment in terms of angle of internal friction and undrained
shear strength. It can be concluded that the effect of CMC could be negligible when the
soil strength increased in terms of its angle of internal friction. With low values of
internal friction angle, the CMC reduce the potential of surface deformation about 12%.
Also Figure (11) show the effect of column diameter on surface deformation. The finite
element results indicates that the values of surface deformation decreased with column
diameter until it reach constant values at (0.5m) where below this values the reduction in
deformation could be negligible or have insignificant effect.

Figure (12) show the variation of surface deformation at the bottom of embankment
with radial distance. The maximum deformation as shown in figure is in the middle of the
embankment foundation, and the deformation at the embankment foundation reduce by

about (17%) when take into consideration the CMC in soil embankment foundation.
0.21

0.20 — —&— Without CMC
—A— WwithCMC

Surface Deformation (m)
o
&
|

0 5 10 15 20 25 30 35
Angle of Internal Friction (in Degree)

Figure (9): Variation of Surface Deformation with Angle of Internal Friction.
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Figure (10): Relation of Undrined Shear Strength with Surface Deformation.
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Figure (11): Effect of Column Diameter on Surface Deformation.
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Figure (12): Variation of Bottom Deformation with Radial Distance.

STRESS DISTRIBUTION BENEATH EMBANKMENT

The stress distribution was evaluated using elasto-plastic analysis with the finite
element program. And the obtained results were plotted using surfer program to obtain
contour lines of horizontal and vertical stress distribution as shown in Figure (13) and
(14) respectively. It can be observed from these figure that the horizontal stress increase
with depth below embankment.
Figures (15) and (16) represent the 3D surface for horizontal and vertical distribution
respectively. According to the stress distribution pattern shown in Figures below for
vertical stress, a stiff layer between the embankment and CMC should be applied to
ensure that the great part of the generated stress transfer to the head of control modulus
column CMC and to study its effect, a transition layer between embankment and soil
foundation is applied as shown in Figure (8) with properties of stiff soil as shown in
Table (4). Figure (17) and (18) show the horizontal and vertical stress distribution with
depth below embankment respectively. Also the 3D-surface for horizontal and vertical
stress distribution are shown in Figure (19) and (20) respectively.
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Figure (15): 3D surface of Horizontal Stress Distribution beneath Embankment.
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Figure (16): 3D surface of Vertical Stress Distribution beneath Embankment.
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Figure (20): 3D surface of Vertical Stress Distribution beneath Embankment.
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CONCLUSIONS

The deformation of embankment supported on controlled column modulus
improved foundation soil and can be analyzed using numerical methods. The following
conclusions remarks are obtained:
1. The elasto-plastic finite element model used to simulate the embankment soil
foundation system including different layer properties and CMC have been verified
against field data and seemed to have reasonable agreement with the observed
performance of Leneghans embankment in terms of vertical displacements.

2. The effect of CMC could be negligible when the soil strength increased in terms of its
angle of internal friction. And with low values of internal friction angle, the CMC reduce
the potential of surface deformation about 12%.

3. The values of surface deformation decreased with column diameter until it reach
constant values at (0.5m) where below this values the reduction in deformation could be
negligible or have insignificant effect. And the maximum deformation was observed at
the middle of embankment, also the deformation at the embankment foundation reduce
by about (17%) when take into consideration the CMC in soil embankment foundation.

4. The stress distribution pattern for vertical and horizontal stress increases with depth
below embankment, and according to the stress distribution pattern a stiff layer between
the embankment and CMC should be applied to ensure that the great part of the generated
stress transfer to the head of control modulus column CMC.
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Appendix A

For All Load Increments

Read in Applied Load Increment
Iteration Loop starts here

Add Body-Loads to Applied Loads

For All Elements

~

For All Gauss Point

Compute Elastic Strain Increments

Failure Criterion Exceeded

Print Displacement, Stresses, etc.
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ALKYLATION OF BENZENE WITH LONG CHAIN
OLEFINS OVER SOLID-ACID CATALYST

Abdul Halim A. K. Mohammed Ali M. Ridha
Department of chemical Engineering, Department of chemical Engineering,
University of Baghdad University of Baghdad
ABSTRACT

This investigation is concerned with the linear alkylbenzene production reaction
by the alkylation of benzene with long chain olefins C;0-Cy3 over various prepared solid
acid catalysts. The alkylation process was studied at different reaction temperature,
Weight hourly space velocities and with constant pressure and benzene/olefin ratio. The
liquid-phase of alkylation of benzene with olefins carried out over prepared
tungstophosphoric acid supported on S;0, with 5, 10, 20 and 30 wt. % loading catalysts
in a fixed bed reactor. Prepared tungstophosphoric acid supported over silica catalyst with
30 % loading gave the highest conversion of olefin to linear alkylbenzene (94%
conversion) at 398K and 5h™. The study of the kinetics of benzene alkylation with olefins
over these prepared catalysts reveals that the reaction is second order. The value of Thiele
modulus for each prepared catalysts is lower than 0.4 which means that diffusion free

regime and the surface reaction is the limiting step for the alkylation process.

INTRODUCTION

The alkylation of benzene with higher n-alkenes, basically in the range of Cy to
Cis, is preformed industrially in the manufacture of linear alkylbenzene (LAB), an
intermediate used in the production of linear alkylbenzenesulphonate (LAS), the most

important biodegradable surfactant in the detergency sector.
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LAB is industrially produced by one of three technologies of benzene alkylation
from alkenes with hydrofluoric acid or aluminum trichloride as catalysts or from
chloroalkanes in the presence of aluminum trichloride as a catalyst . These two Friedel-
Crafts catalysts (hydrofluoric acid and aluminum trichloride) give different phenyl isomer
distributions in the LAB produced. Alkylation using homogeneous catalysts such as
sulphric acid, hydrofluoric acid and aluminum trichloride has been investigated by Alul
@ and Olson @,

Since homogeneous acid catalysts are a source of pollution, industrial hazard and
equipment corrosion, a good deal of effort has been into research and development to
replace hydrofluoric acid HF and aluminum trichloride AICI; by a non-corrosive solid
catalyst having acid properties. A Wide variety of heterogeneous catalysts has been
investigated so far, such as rare earth X and Y zeolites ), silicotungstic acid supported on
alumina and on silica-alumina ©, ZSM-4, ZSM-5, ZSM-20, ZSM-38, ZSM-12,
mordenite and offertite ¢, Ca, NaY ©?, HNaY zeolites ®®, MCM-22 ™ and with
aluminum silicate and/ or magnesium silicate ®>®). Sivasanker and Thangaraj *” and
Sivasanker et al. ® have studied the alkylation of benzene with an industrial mixture of
higher alkenes for the production of LAB over [B-zeolite, mordenite and ZSM-12
catalysts. Universal Oil Products (UOP/ Petresa) have announced new process in
Canada using a solid acid catalyst and the first industrial plant using this solid acid
catalyst technology operated in Canada in 1995 %29,

To measure how much the reaction rate is lowered because of the resistance to

pore diffusion, the quantity & called effectiveness factor must be defined “V.

Eff Factor £ (actual meanreaction rate within pore ()

(rate if not slowed by pore)

_ ra, With diffusion
ra, without diffusionresist.

(2

Thiele modulus can be estimated for each catalyst type depending on its physical
properties and process operation condition. For first order surface reaction Thiele

modulus can be estimated in Eqn. (3).
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Mt =L*2K” D ... (3)

The aim of this work is the production linear alkylbenzene by alkylation of
benzene with long chain olefins over prepared solid acid catalysts such as
tungstophosphoric acid supported on silica with 5, 10, 20 and 30 wt. % loading catalysts
in a fixed bed reactor. Study the effect of various range of temperature and weight hourly
space velocity (WHSV). Then studying the reaction Kinetics and developing the
mathematical model to describe the rate of reaction and estimate all parameters of this
model.

EXPERIMENTAL WORK

Experimental Equipment

The experimental equipment used in this study is shown in the Figure (1).
Benzene and olefins were charged in a feed conical vessel. Dosing pump flows the
mixture of olefin and benzene to the reactor at volumetric flow rate  (0- 1000) cm®h and
discharge pressure 10 bar. The reactor is stainless steel tube with 19 mm inside diameter,
800 mm length and 2mm thickness (Catatest Model BL-2 supplied by Geomecanique,
France). The reactor supplied with four heaters (150 mm length for each) and 2 insulators
(100 mm length). These heaters were controlled by a temperature indicators and
controllers to set the desired temperature for each one automatically. The temperature
reading along the full length of reactor was obtained by chromel-alumel thermocouples
(K type). For each experiment 10 g of catalyst was charged in the middle zone of the
reactor between upper and lower zone filled with inert glass beads.
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Fig. (1) Alkylation Reaction Unit (Photographic View)

Process flow diagram of the alkylation process

The alkylation process was examined at reaction temperatures varied from 353-
398 K, while the weight hourly space velocities from 5-20h™. The pressure and benzene
/olefin ratio were kept constant at 10 bar and 10/1, respectively. Before the alkylation
reaction was started, the catalyst was activated at 423 K and atmospheric pressure in
nitrogen flow of (1 liter/h) for 2 h. Then the catalyst bed was cooled to about 333 K and
N, flow was adjusted at 10 ml /min to keep the system at the required pressure 10 bar.
The mixture of benzene and olefins were charged from the conical vessel to the reactor
through check valve. The flow rate of reactants was adjusted to the desired value for each
particular experiment. The mixture of reactants (Benzene and Olefins) and N is entering
the preheating zone and then passed the catalyst bed. As soon as the flow rate of reactants
was stabilized, the temperature of the reaction section was adjusted to the desired for each
particular experiment. The liquid product was collected in a liquid receiver, which was

drained at the end of the run to collection flask.
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Preparation of tungstophosphoric acid supported on SiO, catalyst

Series of tungstophosphoric acid catalysts supported on silica with different
texture properties were prepared by impregnation method. Supports were impregnated
with aqueous solutions of the acid using the incipient wetness technique. After
impregnation the catalysts were dried at about 393K for 2.5h. The obtained material was

then calcined at 523K for 3h, in an electrical furnace.

Test method

The weight percentage of SiO, was determined by fusion method 2. The fusion
mixture in this method was (K,CO3+Na,COs3).

An off-line gas chromatograph (Packard 438A, USA) flame ionization detector
(FID) was used to analysis the composition of linear alkylbenzene in the liquid product.
The apparatus consists of a stainless steel capillary column with 50m long and 0.25 mm

inside diameter. The column was open tube coated (SE—30) name type.

RESULT &DISCUSSION

Effect of temperature

The effect of reaction temperature in the range of 353- 398 K on olefin conversion
at different space velocities was studied. As expected, Figure 2 shows that the increasing
of temperature will increase the olefin conversion. The olefin conversion at WHSV= 20h
! was not significantly affected by the increasing of the temperatures from (355- 398K). it
was found that no dialkylated product was found even when the temperature was
increased from (355-398K). This was because of excess benzene in the reaction mixture.
In contrast, at 15, 10 and 5 h™* the conversion was significantly increased with increasing
the temperatures. In addition, high reaction temperature (> 433K) can lead to the
comparatively quick deactivation of catalyst. It could be expected that the tendency of the

polymerization of olefin would be raised by high reaction temperature (> 433K)%.
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Effect of WHSV

The effect of weight hourly space velocity between 5-20h™on olefin conversion at

different reaction temperatures was studied. The results of this investigation were
presented in Figure (3). This figure show that the decreasing of WHSV will increase the
olefin conversion, because the decreasing in WHSV of the feed results to increasing in
the residence time, which leads to aplenty of contact time of the feed (reactants) with the
catalyst inside reactor, and this means effectives conversions of olefin to linear

alkylbenzene. All the results indicate that low WHSV is favored alkylation process.

Kinetic of alkylation process

The kinetic of alkylation process of olefin and benzene was studied. For second
order kinetic reaction, the performance equation for reactors containing porous catalyst
particles for plug flow type, which represented the solid catalyzed reactions @V, the

performance equation may be obtained in Eq.(1).

X
k"CAO‘T'=—A e (4)
1-Xa)
XA , : - . .
A plot of ——— VS TCAO gives straight lines with slopes equal to alkylation

1-Xa
rate constant for linear alkylbenzene produced over various types of catalysts. The
statistical analysis of these straight lines was computed to identify significant. The
correlation coefficients (p?) for all the straight lines of second order kinetic reaction are >
0.95 which is statistically significant. The alkylation rate constants for linear

alkylbenzene tabulated in Table (1). These results indicated that the alkylation rate

constant increased with increasing reaction temperature.

Thiele Modulus and Effectiveness factor

For second order Kinetic reaction, Thiele modulus was obtained by eqgn. (5).

MT=L.\/(km'CA)ObS (5)
De
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Effective diffusivity for a porous solid can be estimated by using eqn. (6)
(24)

De = 19400 L l e (6)
m -Sg Pp M
The effective diffusivities as well as Thiele modulus values were calculated and
presented in Table (2).

The effectiveness factor for all types of catalyst was near to be 1 because Thiele
modulus values were very small (M{< 0.4) as mentioned by H.Scott Fogler @)
Levenspiel “ and Hougen and Watson “® that indicates the concentration of reactant
doesn’t drop appreciably within the pore, thus pore diffusion offers negligible resistance.
This can also be verified by noting that values for Mt means either short pore, slow

reaction or rapid diffusion, all three factors tending to lower the resistance to diffusion.

CONCLUSIONS
The liquid-phase of alkylation of benzene with olefins was examined by
tungstophosphoric acid supported on S;0, with 5, 10, 20 and 30 wt. % loading catalysts
in a fixed bed reactor. Alkylation conversion increased with increasing temperature of
reaction 353-398K and decreasing with increasing WHSV 5- 20h™. Prepared
tungstophosphoric acid supported over silica catalyst with 30 % loading gave the highest
conversion of olefin to linear alkylbenzene (94% conversion) at 398K and 5h™*The
alkylation reaction of benzene with olefins is well represented by second order
performance equation for reactor containing porous catalyst particles as plug type. The

values of Thiele modulus for each prepared catalysts are (< 0.4) which means that

diffusion free regime and the chemical surface reaction is the limiting step for alkylation

process.
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Table (1) The alkylation rate constants for linear alkylbenzene production

HPW / SiO,- 5 wt.%
Temperature Kk’

(K) (lit2 / Kg.mol.h)
353 32.00
368 43.30
383 65.00
398 68.00
HPW / SiO,- 10 wt.%
Temperature k'

(K) (1it? / Kg.moLh)
353 39.87
368 53.50
383 66.20
398 82.00
HPW / SiO,- 20 wt.%
Temperature Kk’

(K) (lit2 / Kg.mol.h)
353 59.00
368 117.00
383 172.00
398 228.50
HPW / SiO,- 30 wt.%
Temperature Kk’

(K) (Iit? / Kg.mol.h)
353 167.00
368 451.10
383 859.00
308 1806.00
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Table (A-6) Thiele Modulus with relative properties

HPW / SiO,- 5 wt.%
Temperature D, * 10°
(K) (cm?/s)

353 1.43

368 1.46

383 1.49

398 1.51
HPW / SiO,- 10 wt.%
Temperature D, * 10°

(K) (cm?/s)
353 1.47
368 1.50
383 1.53
398 1.56

HPW / SiO,- 20 wt.%
Temperature D, * 10°

(K) (cm?/s)
353 1.68
368 171
383 1.74
398 1.78
HPW / SiO,- 30 wt.%
Temperature D, * 10°
(K) (cm?/s)
353 1.74
368 1.78
383 1.81
398 1.85
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Nomenclature
Effective diffusivity cme/s
Catalytic reaction rate constant lit/mol.kgcat s

Catalytic reaction rate constant. lit/mol.h.mcat

Characterization length of catalyst particle m
Molecular weight. g/ mol
Thiele modulus

Surface area of catalyst. cm®/ g
Temperature K

Olefin conversion.

ABBREVIATION

Flame ionization detector.
Gas chromatography

Tungstophosphoric acid

Linear alkylbenzene.

Linear alkylbenzenesulphonate
Universal Oil Product.

Weight hourly space velocity.
Zeolite Socony Mobile-12
Zeolite Socony Mobile-5

GREEK SYMBOLS
Effectiveness factor.
Void fraction

Tortuosity factor

Correlation Coefficient

Solid density

3630




A. H. A. K. Mohammed Alkylation of Benzene with Long Chain
A.M. Ridha Olefins overSolid-Acid Catalyst

REFERENCES
- Cavalli L., Divo C., Giuffrid G., Rodici P., Valtorta L. and Zatta A.,
“Proceedings 3rd CESIO International Surfactants Congress” London, 1-
5 June 1992, P 105.
- Alul H.R., “Ind. Eng. Chem. Prod. Rev. Dev.”, 1,7 (1968).
- Olson A.C., “Ind. Eng. Chem.”, Vol. 52, No. 10, 833 (1960).
- Moreno A., Cohen L. and Berna J.L., “Surfactant Detergent”, 25, 216
(1988).
- Sebuluky R.T. and Henke A. M., “Ind. Eng. Chem. Des. Dev.”, 10, 2,
272 (1971).
- Young L. B. and Skillman N.J., US Patent 4 301 316 (1979).
- Young L. B. and Skillman N.J., US Patent 4 301 317 (1981)
- Ming-Yuan H., Zhonghui L. and Enze M., “Catal. Today”, 2 , 321
(1988).
- Cao Y., Kessas R., Naccache C. and Y.B., “Appl. Catal. A: Gen.” 184,
231 (1999).
- Da Z., Han Z., Magnoux P. and Guisnet M., “Appl. Catal. A: Gen.,
215, 45 (2001).
- Da Z., Magnoux P. and Guisnet M., “Appl. Catal. A: Gen.”, 182, 407
(1999).
- Wang B., Lee C. W., Tian-Xi C. and Sang-Eon P., “Bull. Korearn
Chem. Soc.”, 22,9, 1056 (2001).
- Bouncer H. A., Eur. Patent 0 160 144 (1984).
- Le Q. N., Marler D. O., Mc Williams J. P., Rubin M. K., Shim J. and
Wong S.S., US Patent 4 962 256 (1990).

3631



RI

RI

®

Number 2 Volume 15 June 2009 Journal of Engineering

- Tejero J. L., Danvila A. M., US Patent 5 146 062 (1993).

- Tejero J. L., D. Algeciras A. M., US Patent 5 157 158 (1992).

- Sivasanker S. and Thangaraj A., “J. Catal.”, 138, 386 (1992).

- Sivasanker S., Thangaraj A., Abulla R. A. and Ratnasamy P., in Guczi
L., Solymosi F. and Tetenyi P. (Editors), New Frontiers in Catalysis,
Proceedings of the 10™ International Congress on Catalysis, 19-24 July,
1992, Budapest, Hungary (Studies in Surface Science and Catalysis, Vol.
75), Elsevier, Amsterdam, 1993, 75, P. 397.

- Tanabe K. and Holderich W. A., “Appl. Catal. A: Gen.” 181, 399
(1999).

- Imai T., Kocal J. A. and Vora B. V., “Stud. Surf. Sci. Catal.”, 92, 339
(1995).

- Levenspiel O., “Chemical Reaction Engineering”, 3" Edition, John-
Wiley & Sons, (1999).

- Furman N. H., “Standard Methods of Chemical Analysis”, Vol. one,
Sixth Edition, USA (1968).

- Xing-Dong Y., Jung-Nam P., Wang J. and Sang-Eon P., “Korean J.
Chem. Eng.”, 19, 4, 607 (2002).

- Satterfield, “Heterogeneous catalysis in Practice”, McGraw-Hill, USA
(1980).

- Fogler H. S., “Elements of Chemical Reaction Engineering”, Second
Edition, Prentice-Hall of India Private Limited, New Delhi (1997).

- Hougen and Watson, “Part Three Kinetics and Catalysis”, Eleventh
Printing, John Wiley & Sons, INC., New York (1966).

3632




Number 2 Volume 15 June 2009 Journal of Engineering

THE EFFECT OF TEMPERATURE AND ACID
CONCENTRATION ON POLARIZATION RESISTANCE FOR A
CORROSION REACTION UNDER ACTIVATION CONTROL

Aprael Sarguis Yaro
Chemical Engineering Department, College of Engineering, University of Baghdad

ABSTRACT

The effect of temperature ( 30,40,50,and 60°C) on the polarization resistance (Rp) has been
analyzed for the corrosion of carbon steel in 1,3, and 5N HCI solution in absence & presence of
phenylthiourea(PHTU) as corrosion inhibitor.The polarization resistance was measured at above
mentioned conditions using BETACRUNCH program developed by Green and
Gandi[Green,1982]. i.e; Values of applied current densities at potentials of +20,+10,-10 mv and
then -20,+10,-10mV/(SCE) from corrosion potentials were used to obtain corrosion parameters: icorr
,ba b followed by applying the equation: Ry = ( ba be )/ 2.303 X icor.( ba + b ).1t is observed that: (i)
for a certain acid concentration the polarization resistance decreased with increase in temperature
and/or decrease in inhibitor concentration.(ii) for a certain temperature, the polarization resistance
decreases with an increase in acid concentration in presence and absence of inhibitor.

KEY WORDS
Inhibition, polarization resistance Betacrunch program,physical adsorption,Chemical
adsorption,activation control.
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INTRODUCTION & THEORY
The polarization resistance is a measure of the resistance of a metal undergo corrosion in a certain
environment. It is defined as the slope of the potential-current (E-i) curve

Rp=[OE/ Ol] e=ecorr (1)
where i, is the current density in Acm‘and Ecor. is the electrode potential of the corroding
metal.Polarization resistance behave like a resistor and can be calculated by taking the inverse of
the slope of the current —potential curve at open circuit corrosion potential.During the polarization
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of an electrode, the magnitude of the current is controlled by reaction kinetics and diffusion of
reactants both toward and away from the electrode. The Butler- Volmer equation is introduced in
this case as[Stern,1957]:

i = icon [eXp(2.3 AE/ ba) - exp( -2.3 AE / be] @)

Where AE = E — Ecor. , ba , b are anodic and cathodic Tafel constants. Equation (2) for small AE
i.e; less than 20 mV from Ec,r,can be linearized leading to:

i =icom [1 + 2.3 AE /b, - (1- 2.3 AE / by)] 3)
I =lcor. [1 + 2.3 AE /b,-1+2.3 AE / b¢] (4)
So, i Zicon [ 2.3 AE (1/ b, + 1/ b, ] (5)
Rearranging equation (5) leads to:
AE /i =Ry =(babe) /2.3 icom(bs+bc) (6)
Equation (6) is essentially the original Stearn- Geary equation expressed in Tafel slopes of both
reaction:. Fe —— Fe™?+2e (7)
2H" + 2e —H, (8)
(i.e;the effect of dissolved oxygen concentration is negligible compared with H,;
evolution).Substituting in equation (6) for b, and b as: b, =RT/0,z4F ; b =RT/0czF 9)
Equation (6) can be expressed in terms of T,0.5,0¢,24,Z¢
Ry, = RT/ 2.3X icorr. F(.0aZa + 0,cZ¢ ) (10)
Equation (10) can be rearranged and put in Logarithmic form :
Log( R,/ T) =-Log (icor) + LOg [ R/ 2.3 F(0aZa + 0cZc) ] (11)

Accordingly, a Logarithmic plot of (R, / T ) V'S icorr , gives a straight line with a slope of (-unity)
provided (0aZ,) and (0cz;) are constant.The polarization resistance has been used in corrosion
monitoring [Neufeld,1964 & Tamba,1982], determination of corrosion rates [Mahmoud,2005 &
Mishra,2007] and inhibitor efficiency[Ashassi,2006].The literature has few references to
systematic measurements of the effect of temperature on the polararization resistance and few to a
theoretical analysis of this effect[EI-Anadouli,1986].But no references to the effect of acid
concentration.This is the object of this paper.We have measured the polarization resistance of
carbon steel corrosion in three different concentrations of HCI acid,namely, 1,3,and 5N acid
solutions at various temperatures in presence of different concentrations of phenylthiourea(PHTU)
as corrosion inhibitor using a well-known technique in corrosion field and away from Ecqr by 20
mV for each condition studied, rather than the plot of potential,E,V'S current density,i,which leads
to slopes of straight lines(i,e;Ry=AE /A1 at E=Econ).

EXPERIMENTAL METHODE

Details of the polarization cell,electrode and electrolyte preparation and experimental techniques are
reported elsewhere[Abdul-Hassan,2004]. The electrode was prepared from a carbon steel pipe as
cylindrical specimens of chemical composition: Wt.%, C= .041, Mg =381, P =05, S =
.007,remainder iron. The electrolyte was 1,3, and 5N HCI acid solutions prepared from distilled
water and concentrated HCI acid supplied by Al- Furat company for chemical industries: The
specifications of acid were as follows:Concentration = 32% Wt., SO, =125.5 ppm, residue = 360
ppm and density = 1.164 gm/Cm?® .The inhibitor used was phenylthiourea (PHTU) of annular grade,
MW =152.2 gm/mole, while acetone and benzene were used for cleaning purposes.

RESULTS & DISCUSSION

From the polarization curves which represent the plots of potential ,E, V's Log(current density),i, for
the working electrode at different temperatures and in various acid concentrations in absence and
presence of PHTU as corrosion inhibitor[Abdul-Hassan,2004], and from the average values of
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corrosion parameters: icor.,ba,b; obtained by applying the Betacrunch program by entering two sets
of data for each condition as mentioned befor. The values of R, are deduced for the working
electrode.These values for the working electrode for each condition are listed in Tables (1) through

(4).

Table 1 Polarization resistance(Qcm?) of carbon steel in different concentrations of HCI acid
containing various concentrations of PHTU as corrosion inhibitor at 30°C.

Inhibitor
Conc.(Mole/L)
Nil

6.6 x 10* M

49x10°M

6.6 x 10° M

Table 2 Polarization resistance(Qcm?) of carbon steel in different concentrations of HCI acid
containing various concentrations of PHTU as corrosion inhibitor at 40°C

Inhibitor
Conc.(Mole/L)
Nil

6.6 x 10°* M

49x10°M

6.6 x 10° M

Table 3 Polarization resistance(Qcm?) of carbon steel in different concentrations of HCI acid
containing various concentrations of PHTU as corrosion inhibitor at 50°C

Inhibitor
Conc.(Mole/L)
Nil

6.6 X 10* M

49x10°M

6.6 X 10° M

3833



A.S. Yaro The Effect of Temperature and Acid Concentration
on Polarization Resistance For a Corrosion Reaction
Under Activation Control

Table 4 polarization resistance(Qcm?) of carbon steel in different concentrations of HCI acid
containing various concentrations of PHTU as corrosion inhibitor at 60°C.

Inhibitor
Conc.(Mole/L)

Nil

6.6 x 10 M

49x10°M

6.6 x 10° M

At different temperatures and various acid concentration,also , ©, and 1%, can be determined from
,Rp, obtained by using the following equations, respectively:
O=1- (Rp)free/ (Rp)inhib. (12)
1% = [ 1 (Ro)nee/ (Ry)innin. ] X 100 (13)
where (Rp)iee & (Rp)innib. are polarization resistance in absence and presence of
inhibitor,respectively, while © & 1% are surface coverage and inhibition efficiency respectively.

Table(5) shows the inhibition efficiency of PHTU under the operating conditions mentioned
previously.

Table 5 Inhibition efficiency of PHTU for carbon steel in different HCI acid concentrations
and various temperatures.

Temp 30™ 40°C 50°C 60°C

Acid IN |3N |[5N |1IN (3N |5N |IN |3N |[5N |1IN | 3N
Conc.

.00066M | 91.2 | 85.5 | 84.6 | 93.6 | 84.0 | 91.8 | 93.0 | 70.2 | 59.2 | 94.1 | 65

.0049M | 93.3]90.1 |89.0 |96.7 | 88.4 | 93.0 | 96.0 | 80.2 | 67.5|93.4 | 80

.0066M |94.8191.8|91.3|95.4 925 94.2|97.0[87.0 | 75.5|96.0 | 85

Inhibition Efficiency (1%) at different Temperatures & acid Concentrations

Figures(1) through (3) show the effect of temperature and inhibitor concentration on the
polarization resistance at acid concentrations 1,3,and 5N respectively.lIt is clear that polarization
resistance decreases as the temperature increases and / or the inhibitor concentration decreases. The
effect of inhibitor is clearly evident from equation(10).Thus, at constant temperature the increase in
inhibitor concentration decreases the corrosion rate, icor., and hence, Ry,increases. ( i.e; the
corrosion reaction is regarded as a rate process, the rate of which is given by [Potilova,1960] :

icor. = A exp(- E/RT) (14)
Thus, as T increases the numerator increases linearly, while the denomirator increases
exponentially, and hence R, decreases. The Logarithnic form of equation (10) is given in equation
(11), from which a Logarithmic plot of (R, / T ) V's icorr. gives a straight line with a slope of[-
unity], provided a,Z; and o.cZ; are constants.Figures (4) through (6) show such plot at various
temperatures and inhibitor concentrations in HCI acid concentrations 1,3, and 5N respectively. The
straight lines are the least squares correlation of all the data points at 1,3, & 5N HCL acid, with a
correlation coefficient of (.98) and slopes of (1.042) , ( 1.04 3) , and(.98 ) respectively,
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In satisfactory agreement with the prediction of equation (11).These are taken as confirmation of

the validity of this equation, and of constancy of 0,Z; and 0¢Z. at various temperatures and
inhibibitor concentrations within the limits of experimental error. Combination of equation (14) and
(11) leads to:

Log (R,/T) =E/2.3RT + Constant (15)

where the constant in equation (15) includes A ,R \F , 0aZa , and aczc . Thus a plot of Log(Ry/ T) V's
1/T gives a straight line from the slope of which,Activation energy of the corrosion process can be
calculated.Figures (7) through (9), illustrate such plots at various concentrations of PHTU in
different HCI acid concentrations. The relation between Log( R, / T ) and 1/T is satisfactory
straight line under all conditions in agreement with equation (15). Table(6) lists the values of
Activation energy obtained in the absence and presence of various inhibitor concentrations of
PHTU in different acid concentrations. Since only small differences are observed between the
values of activation energy calculated at different concentrations of the same inhibitor in 1N HCI
acid, the activation energy is considered to be assentially independent of inhibitor concentration and
in this case the inhibitor is physically adsorbed on the mild steel[Ebenso,1998 &
Demaskin,1971].i.e;when the activation energy is less than 80 kJ/mole,the adsorption is considered
to be physically.ldeally,a corrosion inhibitor is a substance which greatly increases the activation
energy of corrosion and / or adsorbs on the surface and prevents it from corroding. PHTU as
corrosion inhibitor increases activation energy pronouncly in 3 and 5N HCI acid solutions and
hence the mechanism of its inhibition must not be via simple blocking adsorption. The large values
of activation energy in both 3 and 5N acid solutions compared with 1N-HCI system support the fact
that PHTU in this case is chemically adsorbed.i.e;Activation energy > 80 KJ/mole [Abiiola,2002 &
Barrow,1983].

Table 6 Activation energies of corrosion of carbon steel at various concentrations of PHTU in
different concentrations of HCI acid.

Inhibitor IN 3N 5N
Conc.(M/L)

E (kJ Mole) E (kJ / Mole) E (kJ/ Mole)

Blank 63.0 61.8 58.2

.00066 M 59.3 84.1 87.1

0049 M 64.8 89.4 83.7

0066 M 54.6 81.6 92.7

Emean inhibited 57.8 85.0 87.8

It is important to mention that Betacrunch program[Green,1982] is usually used to obtain the
corrosion parameters near the corrosion potential by about +20 to -20 mV. Since the equation(6) is
derives with out assumptions and its derivation is completely mathematical,and since Tafel slopes
are difficult to estimate.Moreover since the corrosion potential in this study especially at these high
concentrations of HCL acid is not near the reversible potentials of one of the half reactions(i.e;The
H, evolution or the metal dissolution). It is accepted to say: R, = f( icor,0a , bc) all at E =
Ecor.,instead of using the reciprocal of the polarization resistance obtained experimentally to
represent the corrosion rate for screening purposes: icor = f( Rp B).
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Fig.3 Effect of Temperature and inhibitor concentration on the polarization resistance in 5N
HCI acid.
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Fig.6 Plot of polarization resistance data in 5N HCI acid solution.

3837




A.S. Yaro The Effect of Temperature and Acid Concentration
on Polarization Resistance For a Corrosion Reaction
Under Activation Control

1
0.5 ¢ Blank
0
B 6.6x10™4M
E 05
3
= -1 4 A 4.9x10"-3M
S
-15 L4
O 6.6x10"-3M
2
-2.5 y =3290x - 11.836
0.0029 0.003 0.0031 0.0032 0.0033 0.0034 y = 2815x- 9.186
UTKY y = 3386x - 10.838
y = 2850x - 9.08

Fig 7 Plots of Log(Rp/T) V's 1/T in absence and presence of various conc. of nhibitor in 1N

HCI acid.
0
[m]
05 & Blank
~ 1 B 6.6x10"-4M
3
= IS A 4.9%10- 3M
2 .15 m -9x
-
- % O 6.6x107-3 M
s y = 3230x - 11.862
0.0029 0.003 0.0031 0.0032 0.0033 0.0034 Y ~4390x - 14.681
y = 4670x - 15.743
UT(KY)
y = 4260 - 14.124

Fig 8 Plots of Log(Rp/T) V's 1/T in absence and presence of various conc. of ibitor in 3N HCI
acid.

05 @ Blank

W 6.6x10™-4M
15 A 4.9x10"-3 M

0O 6.6x10"-3 M

Log(Rp/T)
\i\

25 y = 3040x - 11.496
0.0029 0.003 0.0031 0.0032 0.0033 0.0034 y = 4550x - 15.545
UT(KY y = 4370x - 14.848

y =4840x - 16.271
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CONCLUSIONS

PHTU acted as efficient corrosion inhibitor for carbon steel in 1,3,and 5 N HCI acid
concentrations.

The results obtained by Betacrunch technique are thought to be in good agreement with
those if obtained experimentally since corrosion potential is far from the equilibrium
potentials of both H, evolution and metal dissolution reactions.

For a certain temperature the polarization resistance decreases with acid concentration
increase, while increases with inhibitor concentration increase.

For a certain acid concentration,the polarization resistance decreases with temperature
increase in absence and presence of inhibitor.

The inspection of data in Table(6) reveal that the activation energy of the corrosion reaction
in absence of inhibitor(PHTU) is approximately the same and is acid concentration
independent.

The average activation energy value of (57.8 kJ/mole) for 1 N- HCI inhibitor system support
the fact that the inhibitor is physically adsorbed on the metal surface,although the increase in
inhibition efficiency is not so pronounced.

The experimental result indicates generally that the energy barrier of corrosion reaction in 3
, and 5 N- HCL inhibitor system increase as the concentration of PHTU is increased,since
the value of activation energy increase with an increase in PHTU.This suggests that the
process is activation controlled and the mechanism of the inhibitor adsorption in this case is
chemical adsorption.i.e;85 and 87.8 kJ/mole is > than 80 kJ /mole
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ABSTRACT

An optical fiber communication system for transmitting eight time division
multiplexed analog signals each of bandwidth of 500 Hz was designed and
implemented. The system utilizes the 8051 microcontroller as a parallel to serial
converter in the transmitter side and parallel to serial converter in the receiver side in
addition to the control process of the multiplexer and demultiplexer in both sides and
for serial transmission via its RS232. The transmitted signal is subcarrier intensity
modulated using the Amplitude Shift Keying (ASK) modulation technique with a
carrier of 20 MHz. A laser diode of the type HFCT-5205 at 1300 nm wavelength was
used as an optical carrier generator with an emitted optical power of -10 dBm, and a
HFCT-S205 InGaAs/InP PIN Photodiode with responsivity of 0.36 A/W at the
receiver side. A single mode fiber of (42 km) length was used as a tranasmission
channel. This system can be utilized in the TDM fiber telephone lines often operating
at higher rates such as T3 (44.7 Mbps), T3C (91 Mbps) and above.
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INTRODUCTION

Everywhere on this planet hair-thin optical fibers carry vast quantities of
information from place to place. The use of light as communication methods can date
back to antiquity if we define optical communications in a broader way [Govind
2002]. People had used mirrors, fire beacons, or smoke signals to convey a single
piece of information. The modern fiber-optic communications started around 1970s
when GaAs semiconductor laser was invented and the optical fiber loss could be
reduced to 20 dB/km in the wavelength region near 1um [Govind 2002]. Since then,
fiber-optic communication has rapidly developed. The enormous progress of
lightwave systems can be grouped into several generations. A widely used figure of
merit is the bit rate-distance product, BL, where B is the bit rate and L is the repeater
spacing [Govind 2002].

The digital optical fiber link mainly consists of a transmitter, fiber transmission
medium, and receiver [Govind 2005]. The transmitter converts incoming binary data
to on-off light pulses, which are launched into the fiber. At the receiver, the optical
stream is detected and converted back into electrical signal.

The laser diode is a preferred source for moderate band to wideband systems. It
offers a fast response time (typically less than 1 ns), has a narrow optical bandwidth
(as arule less than 1 nm) and can couple high levels of useful optical power ( usually
several milliwatts) into an optical fiber with small core and small numerical
aperture [Donald & Gerd 1985, Paul 1985].

Generally only the photodetector and its load which usually form the first stage of the
gain are uniquely related to the fiber optics, the remaining portion of the receiver is
convential electronics [Donald & Gerd 1985].

Before 1970, such a link could not have been used for transmission over
distances greater than a few hundred meters, because of rapid signal attenuation in the
fiber [Donald & Gerd 1985]. In that year however, Corning Glass achieved a
breakthrough by producing a fused silica (SiO,) fiber with loss low enough (20
dB/km) to make transmission lengths of a few kilometers commercially practical.
This events coupled with the development of semiconductor light sources at about the
same time, stimulates a worldwide building of lightwave research and development
continues today. Attenuation coefficients of 0.15 dB/km at 1550 nm [Tatsuyal988]
and 0.6 dB/km at 1300 nm have been achieved.

In virtually all optical fiber systems only two types of devices are employed for
detection. These are either PIN photodiode or Avalanche PhotoDiode (APD). The PIN
detector is preferred because it requests no complicated control circuitry, uses much
lower DC bias voltage, and has no excess noise mechanism when compared to an
APD [Donald&Gerd 1985].
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The optical link can operate at an acceptable low error rate only if the optical
power at the receiver exceeds some minimum level Pr called the receiver sensitivity.
The maximum loss limited transmission distance Ly is given by [Govind 2002, Max
& Kang 1996]

Lx @=P; —P; — L, —splice loss—margin [1]

Where P+ is the transmitted power, o is the fiber attenuation expressed in
dB/km, L. is the connector losses usually taken as 1 dB, and the system margin
usually taken between 3-10 dB.

This relationship implies that Ly, is relatively sensitive to change in the fiber
attenuation, but is only weakly dependent on the transmitted power and receiver
power. So increasing the transmitter power by order of magnitude, increases Lmax by
only about 20 percent [Donald&Gerd 1985].

In designing an optical communication system it is necessary to consider the
limits on the performance of the system set by the Signal to Noise Ratio SNR [1, Paul
1985]. The main noise sources that affect the performance of the optical fiber
communication system are:

1. the thermal noise which results due to the load resistance R,. It may be
calculated as follows[Govind 2002, Max & Kang 1996]

. / AKTAf
Iy = R [2]
L

where K is the Boltzman constant, T is the temperature in Kelvin, and Af is the
bandwidth.
2. the shot noise which is a combination of the dark current noise ig and the
guantum noise current, it is given by[Govind 2002, Max & Kang 1996]:

3.
ishot :[qu (Is +id )]1/2 [3]

where g is the electron charge, and is is the signal current generated due to the
incident optical power in the optical detector which is equal to:

i, =p,R [4]
where p;j is the incident optical power and R is the responsivity of the optical
detector.
The SNR for the PIN photodiode receiver may be calculated as in below [Max
& Kang 1996]

SNR(dB)=20 Iog(_ l j [5]

Ith +|shot

The performance criterion for digital receiver is governed by the bit error rate
BER, defined as the probability of incorrect identification of a bit by the decision
circuit of the receiver [Govind 2002]. A commonly optical receiver requires BER <1
* 10°[Donald & Gerd 1985].
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The BER with the optimum setting of the decision threshold is obtained as in
follows [Max & Kang 1996]:

_ &p(=SNR)

v 27 SNR

The receiver sensitivity is then defined as the minimum average received power
Prec required by the receiver to operate at a BER of 107,

BER [6]

SYSTEM DESCRIPTION

A block diagram of the implemented system is shown in Figurel. Eight analog
signals are generated each at 500 Hz frequency. These signals are time division
multiplexed. Multiplexing provides a mechanism to share the use of a common
channel by two or more users. TDM interleaves bits or groups of bits (word or
characters) belonging to different messages prior to transmission. As such, its original
development was based on economics. The advantages in the use of pulse modulation
with the Time Division Multiplexing TDM include the fact that the circuitry required
is digital. Thus, offering high reliability and efficient operation.

The selection of the required channel is accomplished under the control of the
microcontroller (8051) by the software. The sampling rate is about 8 kHz which is the
Nyquist rate (Eight channels each with 500 Hz (8*0.5)*2 = 8kHz). The selected
sample then converted into a digital signal by the Analog to Digital Converter (ADC).
The ADC action is controlled by the software of the microcontroller. The generated
data is then fetched by the microcontroller for further process.

The microcontroller controls the whole operation of multiplexing and analog to
digital data conversion. In addition, it acts as a parallel to serial converter. It converts
the data generated by the ADC into a serial stream and transmitting it through the RS-
232 of the microcontroller asynchronously, so that, there is no need for encoding the
data stream for the clock and data recovery at the receiver side. By this, the
complexity of the system is reduced and the system becomes more flexible. The flow
chart of the program of the microcontroller used in the transmitter is shown in the
Figure (2).

The transmission of data over the RS 232 of the microcontroller was 100 kbaud.
The serial stream then was amplitude shift keying modulated (ASK) with a carrier of
20 MHz.

The ASK modulated signal is used to modulate a laser diode with intensity
modulation type. The laser diode was with an operating wavelength of 1.3 um, a
power of 0.1 mW is launched into the fiber at the high level voltage. The fiber used
for guidance of the optical signal is a single mode fiber with attenuation of 0.6 dB/km
and length of 42 km that consists of ten pieces of optical fiber each with 4.2 km
length. So the length was changed from 4.2 km to 42 km with a 4.2 km step. Each
piece was connected with the neighboring one by a splice. The loss of each splice was
0.03 dB and measured by using the Optical Time Domine Reflectrometer (OTDR).

The optical signal at the receiver is detected and converted into electrical signal.
A block diagram of the optical receiver is shown in the Figure (4). A PIN photodiode
is used in the work with a responsivity of 0.36 A/W at 1.3 um.

The detected signal is then demodulated. The reconstructed signal is then passed
to the microcontroller serially via its RS-232 port. Here the microcontroller first
converts the serially received bit stream into a parallel fashion and controls the
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operation of demultiplexing and digital to analog conversion by the software of the
receiver which is shown in the Figure (3). Then the pulses belonging to the individual
messages are separated and routed to their appropriate destinations.

RESULTS AND DISCUSSION

The main test achieved on the implemented system was measuring the received
optical power for different fiber length from which the calculations of the bit error
rate were done. A plot which relates the SNR to the BER is shown in the Figure (6).
BER was calculated using equation 6. The power budget calculations showed that the
maximum length of the optical fiber can be 78.2 km. Where the safety margin was
taken to be equal to 6 dB.

CONCLUSION

The suggested system operates properly with acceptable BER. The BER varies
with SNR parameter. The BER improves as SNR increases and becomes lower than
10 for SNR >14.
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RADAR PARAMETER GENERATION TO
IDENTIFY THE TARGET

W.A. Mahmoud , A.K. Sharief and F.D.Umara
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ABSTRACT

Due to the popularity of radar , receive often “ hear “ a great number of other
transmitters in addition to their own return merely in noise . The dealing with the
problem of identify and / or separating a sum of tens of such pulse trains from a number
of different sources are often received on the one communication channel. It is then of
interest to identify which pulses are from which source , based on the assumption that
the different sources have different characteristics .This search deals with a graphical
user interface (GUI) to generate the radar pulse in order to use the required radar signal
in any specified location .
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INTRODUCTION

The continuous growth of air traffic increase demand to determine reliable algorithms
and systems to tell where , on what altitude and how fast an aircraft is moving , as well
as whether that aircraft of interest is friendly . foe or neutral . In general , this is referred
to as a tracking . When something is under tracking , it implies that the current object is
a target . In the sequel , tracking can be defined more precisely “ as processing
measurements obtained from a target in order to maintain an estimate of its current state
, which typically consists of kinematics components (such as position , velocity ,
acceleration etc. ) and other components ( radiated signal strength m spectral
characteristic , feature information etc. ) Emphasis of the word “state “ implies that
scientists in tracking field are mainly concentrated in estimating the trajectory of the
target .The use of the word ‘state ‘ is ambiguous , exact meaning depend always on the
context [Hau00].

Defense systems dealing with tracking are important in the warfare because the present
aircraft and vessels may be quick and destructive . Therefore m tracking systems are
required to be as highly intelligent as possible .Software package presented in this
paper comprehends GUI[Alb03] to achieve more reliability in tracking system in order

to solve a given problem e.g. the identification problem .

This paper is organized as follows : The principles of the target tracking and the
electronic warfare system are presented in section 2 , and section 3, respectively .
While the receiving system and the radar signal description are presented in section 4
and section 5 . respectively. The parameters to be identified and the simulated results are
presented in section 6and section 7. Respectively, finally the conclusion is represented in
section 8 followed by the references.

TARGET TRACKING

In the civilian aviation the target’s velocity , height , position and heading can be
easily solved . because all targets are cooperative by default . When dealing with defense
applications, qualities listed above are not enough . In fact , they are not even considered
first . In the military field , the most urgent is to know whether the targer of interest is
friendly or hostile . After then questions as “What is the type of the target ?”” and “What
is the target threatening ?” rise .Problem that deals with the type of the target is referred
to as an identification problem . An example of tracking system , with using
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identification network ( Bayesain network) in association , is illustrated in Fig.(1)
[Vac93]

The identification procedure is as follows ; Targets emit signals, which can be
detected sensors , when a sensor has detected a signal , it will be modified and
transmitted to the identification system .Then identification system processes all
observations and results a type probability function , which is returned to the operator.
An example of the identification system is illustrated in Fig.(2).

— o —— — —— —
— — —
— —

i L — -

Tracking system
Attmbute and kine-
matic association
Identification sys-
termn {Bayesian nct- -
works) Ouotpot
Track cstablishing
« IFFN
~ Target’s type
* Target's track
—

Fig (1) : Hlustration of a tracking system
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Fig. (2) illustration of the identification procedure .

ELECTRONIC WARFARE SYSTEM
Electronic warfare ( EW) receivers will be the assumed approach . It takes many

distinct forms , such as detecting and degrading the performance of a hostile radar ,
intercepting and disrupting enemy communications , decoying aircraft and ordinance
and confusing the enemy’s perception of the tactical area . It representS a necessary
investment to protect friendly weapon platforms [Tsu86).

The basic concept of EW | is to exploit the enemy’s electromagnetic emission in all
parts of the electromagnetic spectrum in order to provide intelligence on the enemy’s
order of battle, intentions and capabilities , and to use countermeasures to deny effective

use of communications and weapons system while protecting one’s own effective use of

the same spectrum [Tsu86] .
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The modern concept of EW as a vital and basic elements of military strategy , which
when used in concert with other military assets , provides a method of neutralizing an
enemy force ( force divider effect ) while simultaneously enhancing the power of a
friendly force( force multiplier effect ). Thus EW is defined as a military action
involving the use of electromagnetic energy to determine, exploit , reduce , or prevent
hostile use of the electromagnetic spectrum and action which retains friendly use of the
electromagnetic spectrum .FIG. ( 3) illustrates the functions performed in a modern
tactical EW system .

Electronic warfare systems are used in military actions to protect resources from enemy
threats . In EW , as in other electronic system , simulation plays a vital role in training
the operators to become proficient in using the equipment and recognizing threats .
These systems can be organized into the three major categories or divided into three
parts:

e Electronic Support Measure (ESM) , which collects information on the electronic
environment .

e Electronic Countermeasures (ECM) , trying to disturb enemy systems .

e Electronic Counter-Countermeasures (ECCM) , trying to disturb the enemies
ECM [Tsu86].

The ESM and ECCM are referred to as passive systems because they do not radiate
electromagnetic energy , while the ECM is energy , EW encompasses the two major
areas : ESM and ECM s [Fan01].

EW System

[ ' ]
| Possive | Active
[
1 i | | | I f
sonar ||Communication || Radar || Infrared llaser Stealth || Chatf
1
[

Recefver Processor

I

Fig. ( 3) Functional structure of EW system.
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ELECTRONIC WARFARE RECEIVING SYSTEM

A Simplified Block Diagram Of An Ew Receiving System Is Shown In Fig. (4). The
First Block Is The Feature Extractor , Which Represents The Radio Frequency Receiver
Hardware , The Parameter Measurement And Encoding Circuitry .

Figure( 5 ) Shows A Diagram Of The Digital Receiver . The Output Of The Feather
Extractor Is A Pulse Descriptor Word (Pdw) , Which Contains Of Feather Values Of
The Intercepted Signal (I.E., Frequency , Amplitude , Pulse Width , Time Of Arrival (In
Some Cases ) The Signal’s Azimuth And Elevation Bearing ).

The Pdw For Each Intercepted Signal Is Stored In A Pulse Buffer For Further
Processing . Modern Ew Receiving System Must Operate In An Increasingly Dense
Signal Environment. . Hence , A Large Quantity And Jumble Of Signals Are Intercepted
That Must Somehow Be Stored In A Timely And Efficient Manner So That Subsequent
Actions , Such As Identifying The Signal’s Origin , Can Be Taken . The Third Block
Performs The Sorting Or Deinterleaving Function By Clustering The Incoming Radar
Pulses In To Groups . In Principle , Each Group Or Cluster Should Represent A Single
Radar Or Emitter .

However , The Task Of Isolating A Particular Signal From A Specific Emitter Can Be
Different To Accomplish , Since The Parameter Boundaries Between Different Signals
May Overlap , And Since Factors Such As Measurement Error Can Cause The
Measured Characteristics Of The Signal To Become Inexact Or *“ Fuzzy “ . A Proper
Choice Of The Signal Parameters That Are Used For Sorting As Well As A Proper
Assignment Of Their Relative Importance In The Decision Process Can Minimize Some
Of The Problems Caused By Inexact Or Ambiguous Signal Characteristics . For
Example , One Example , One Signal Parameter That Can Be Very Useful For Signal
Sorting Or Deinterleaving Purposes Is The Direction Of Arrival (Doa) Of The
Intercepted Signal . Unfortunately , This Parameter May Not Always Be Available ,
Since Many Ew Systems Cannot Measure A Signal’s Doa . Moreover , In Highly
Dynamic Situations , Signal’s Doa May Be Changing Too Rapidly To Be Of Practical
Use.

Consequently , Many Ew Systems Must Rely On Other Parameters , Such As
Frequency Or Pulse Width , To Sort The Received Signals . Therefore , The Problem Of
Making Decisions Based On Inexact Or Ambiguous Evidence Will Always Be Present
To Some Degree .

Intercepting and then isolating the signal (s) of interest is (are ) not the end goal of a
large array of EW receiving system . In many cases , the intercepted signal must also be
ascribed to a specific radar or class of radar in the environment . For example , ECM
systems must determine the identity of a victim radar or threat before the appropriate
jamming technique can be selected . The task of determining the identity of an
intercepted signal is laden with uncertainty , since the evidence (data cluster ) itself
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contains uncertainty , and since each stage in the identification process introduces
additional uncertainties . Nevertheless , an accurate identification must be made ; in
some cases , an error can be fatal.

The final two blocks support the task of identifying and classifying the intercepted
signals . The fourth block , the pattern extractor and tracker (PET ) , uses the stored
information from the deinterleaver to compute any patterns . ( e.g., the pulse repletion
interval (PRI ) pattern ) that may be contained in each data cluster ( emitter ) by using
the appropriate data item from the PDWs stored in a cluster . The final and fifth block is
the classifier , which describes each data cluster in the PET to a particular emitter .

PDW
PDW
POW

Feature : deinterleav Pattern Classifier
1 PDW e s <
extractor er = | extractor &
PHOW tracker

T

Lt L i
PDW (" Radar |
o Radar 2
< Radar 3
Radar d

K :

Fig. (4) : General block diagram of an EW receiving system

The identity of a particular signal is usually inferred by correlating the observed
characteristics of that signal with those that are stored in the electronic order of battle
(EOB ) , which is a list that contains the identity and signal characteristics of all known
radars or those likely to be encountered [Vac93] .

Major applications of EW receivers serve three purposes in EW system : they warn of
enemy radar (radar warning receiver (RWR) , they support electronic jammers (
electronic countermeasures (ECM ) receiver ), and they aid reconnaissance ( electronic
intelligence (ELINT ) receiver ). The requirements for each of these functions are
different , and so in most situations they are supported by different receives [Sch86].
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Fig. (5): Functional block scheme of digital EW receive.

RADAR SIGNALS : CW PULSE ,RF PULSE TRAIN AND CHIRPED

TYPE SIGNALS

Most radars are designed to transmit a continuous train of RF pulses in order to
perform target detection . These RF pulses have the same power , and share a common
antenna for transmitting and receiving signals . For Continuous ~-Wave (CW) radars ,
the pulse is transmitted continuously , often through a separate transmitting and
receiving antenna . Both of these radar designing operate mainly at a single frequency .
For a high- resolution modern radar , see eq. (1) , it requires a wide radar bandwidth to
increase the information about the location and the identity of target .

Propagation velocity

2x bandwidth

Radar resolution (Ar)=

Pulsed radar signals ,are predominantly pulsed with widths varying between 0. micros
and tens of microseconds . so they are transmitted as periodic pulse trains.

A chirped pulse is a RF pulse consisting of a sine wave that is phase modulated in such
a way that linear frequency modulation results across the pulse duration . By statistical
definition , a linear chirped sinusoidal signal is a non — stationary signal and is described
as:

S(n)=VPx exp j(2rfn + yn®/2.®) (2) [Hau00]
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Where ¥ is the chirp rate of the signal T is the center frequency, N is the time period and
@ is the constant phase of the signal . The signal amplitude 1“."'5 X is constant but the

signal is non-stationary due to the chirping of the frequency that sweeps Inearly with
time . The input signal x(n) is given by :

x(n) = s(n) + n(n) 3
[Hau00].

Where n(n) is a zero mean white noise (Gaussian ) signal with noise power of P,
Different radar signal properties are graphically illustrated in Fig.(6) [Bro79.Tin01].

PARAMETERS TO DETECT

A radar receiving system is generally used to extract the features of each input pulse ,
including RF, amplitude (Amp), pulse width (Pw). Angle of arrival (AOA) , time of
arrival (TOA) , and modulation of pulse (MOP ). Other parameters measured are pulse
repetition interval (PRI) and burst repetition interval (BRI) .PRI indicates how often
pulses arrive and BRI indicates how often groups of pulses arrive . For detailed
discussion about the quantities that an EW receivers receive, one should refer to chapter
three into [Sch8é].

According to these features , the deinterleaver wants to cluster pulses which are
emitted from distinct emitters into distinct groups . The ability of a radar system to
determine and resolve these important target parameters depends on the characteristics
of the transmitted radar signal.

Fig. (7 ) illustrates (a) CW pulse train signal with its time — frequency representation
(b) CW chirped train signal with it time — frequency representation [Bro79].
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Fig. (7) : Pulse train signal with its time frequency
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The train of interleaved pulses is processed in the ESM receiver to identify for each
pulse the center frequency ,amplitude , PW ,TOA and bearing (or AOA), see fig. (8) The
information is then input to a pulse sort processor , which deinterleaves it into the PRI
appropriate to each emitter .

Further comparison against a store of known radar types permits the generation of an
emitter list, classified with threat significance . Depending on the detected radar signal
the pilot of an airplane gets information of the threat he is exposed to :

¢ Angic of Arnval (AUA)

¢ Camier iTequency (KF)

| e Pulse Width (PW)

Fig | e Pulse Amplitude {PA)

' e Time of Amival (TOAY Y

Parameters measured by receiver .

The receiver subsystem detects the radar pulses and measure the individual parameter ,
(the digital words a receiver generates and passes to a digital processor ). The
availability , resolution and accuracy of these measurements must all be taken into
account when designing the deinterleaveing system . Obviously , the better the
resolution and accuracy of any parameter measurement , the more efficiently the
preprocessor can carry out its task . However , there are limitation on the measurement
process from outside the ESM system (e.g. noise , jamming , and multipath ), inside the
system (e.g. timing requirement )and from cost- effectiveness considerations.

SIMULATION RESULTS

In the following section different types of the radar signals will be evaluated by the
radar-parameter- generation GUI package , from the applied signal flowgraph shown in
Fig. (9) the signal shown in Fig. (10), some other samples of generated signals from
there applied simulink shown in fig.(11) , are shown in Fig.(12)and (13).
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As a short summary ,the following individual units are used in Fig.( 9 ) : they are

further divided into different modules and sub modules in order to manipulate different
types of input data.

The Input Unit.

The Digital Signal Processing Unit.

The EA Strategy Unit.

The Human Computer Interface Unit.

The Output Unit.

The Control and Management Unit and

The Power Calculation and Evaluation Unit.
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(10) Simulated sample of Radar signal.

Matlab-Simulink ,the processing and analyzing phases applied onto the received IF
signals .It has the function of reading out the data samples of the digitized IF signal of
constant , chirp , or nonlinear frequency modulation , converting the digitized IF into
video signal measuring processed video pulse parameters and displaying time and
frequency drawings of input and video signals. Fig. (11) shows the implemented model.
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Fig.(11) :The simulink to generate a signal.
Fig. (11): Second sample of the radar signal
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CONCLUSION
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From the above results the generated electronic order of battle can be obtained m
hence, in order to identify any target the only requirement is to compare it with the
available standard table.
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COLOR SATELLITE IMAGES DENOISING USING
WAVELETS

Hawrra H.Abbas Al-Rubiae
Computer Engineering. The University of Kerbala

ABSTRACT

The satellite image is multi band image,the first three bands have the largest
wavelength and image information and usually contain noise due to different
reason such as image band acquisition or transmission.

In this paper an adaptive method implemented to denoising the satellite image by
using the Haar wavelet transform applied to the principle components bands of the
satellite image.

The image denoising by Haar wavelet transform is applied on the first
band(PC1).This band has found contain about 90% of the image information, in this
case the time required for processing and storage size are reduced ,and the image
appearance are more suitable than the processing the image bands directily.
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INTRODUCTION

Satellite images are multi band, i.e. the image is consisting from three bands or
more according to satellite sensor used to capture these images. But usually only the
first three bands used to represent these images as true color images with RGB bands,
and contain noise due to image acquisition, transmission error or compression side
effects. The noise causes great problems to image processing algorithims. Only when
the image de-noising is effective the edge detection is proper. In other case the edge
detection is significantly noised [Scoott E Umbaugh(1998)].

De-noising is typically handled by smoothed filters applied to the image three
bands .But smoothing can delete useful information or distort the input image [
Gomies(1997)].

The main steps of the proposed strategy are (1) transform the image to it s
principle components bands ,(2) image denoising using wavelet transformation
implemented on the first principal component only ,(3) extract back the new image

band from it is principle components bands.
PRINCIPAL COMPONENTS TRANSFORM (PCT)

Some of the images processing techniques applied on two or all the bands of
an image. If there are many bands, it becomes difficult to visualize as well as
expensive to process all the bands. The principal components transform is based on
statistical properties of the image,it can be applied to any n-dimensional
mathematical space to collapse any multiband image down to fewer bands. In this
paper, the PCT is applied to the three —dimensional color space.Each pixel in the (n)-
spaced image may be considered as a point in (n) dimensional pixel space. The set of
all pixels in the image becomes a distribution of points in this space.

The effect of computing the principal components of a distribution is to
determine a new set of axes with two related properties [R. Wilson 1988].

1- The axes may be ordered by their “information content”, thus using only the first
axis, the best one dimensional representation of the data is obtained, by using the

first two, the best two dimensional representation, and so on.
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2- The data expressed in the new axes are uncorrected .

The PCT is easily explained graphically with an example of data in two bands.
Figure (1-a) shows the relationships of data file values in two bands. The values of
one band are plotted against those of the other. If both bands have normal
distribution, an ellipse shape results, (for three band ellipsoid shape results).

To perform principal component analysis, the axes of the spectral space are
rotated, changing the coordinates of each pixel in spectral space, and the data file
values as well. The new axes are parallel to the axes of the ellipse, major (longest)
axis of the ellipse, is called the first principal component of the data, a new axis of
the spectral space is defined by this first principal component as shown in Figure (1-
b), and since in spectral space, the coordinates of the points are the data file values,
new data file values are derived from this process. These values are stored in the first
principal component band of a new data file. The second principal component is the
widest transect of the ellipse that is orthogonal (perpendicular) to the first principal
component as shown in Figure (1-c). The second principal component describes the
largest amount of variance in the data that is not already described by the first
principal component . The eignvectors and eignvalues represent the lengths and
directories of the principal axes. [ERDAS Inc(1995)]. Figure (2) represent the
implemented block diagram to explain the process of extract the pinciple bands from

RGB (multiband) satellite image.
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Band B
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Figure (1-a, b ,c) Transformation of the two bands by PCT
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IMAGE DE-_NOISING USING WAVELET TRANSFORM

Wavelet transforms used to represent signals with a high degree of
sparisty.This is the principle behind a non linear wavelet based signal estimation
technique known as wavelet denoising. Aprecise explanation of the wavelet
denoising procedure can be given as follows. Assume that the observed data is

X(t)= S(t)+N(t)

Where S(t) is the uncorrupted signal with addaitive noise N(t)[ R.Gonzalez and
P.Wintz(2001)]. Let W(.) and W denote the forwared and the inverse wavelet
transformation operatators .Let D(.,A) denote the denoising operator with threshold A.
This paper intend to denoise X(t) to recover S (t) as an estimate of S(t). The
procedure can be summarized in three steps

Y=W(X)

Z=D(Y,\)

S=w(2)

So the basic mehtod of image denoising is thresholing .By chooising a correct

threshold , it is possible to remove most of the random noise[Jonathan Y. Stein(2000)].

- The Haar Wavelet Transformation Algorithm

The Haar wavelet transform is one of the simplest and basic transformations
from the space domain to a local frequency domain. Haar wavelets are being used
for the image transformation technique proposed here. To get an idea about the
implementation of this wavelet , a simple example used to illustrate this , assume a
one dimensional image with an eight pixel resolution, where the pixels have the
following values : 75393753

By appling the Haar wavelet transform this image can be represented in term
of a low resolution image and a set of details coefficients. The transformed data
coefficients are obtained by averaging two consecutive pixels, while the detail
coefficients represent the difference between the average and one of the two
consecutive pixels. So the above image will be represented as follows after the first
cycle:

Transformed coefficients :6 6 5 4 Detail coeficients:1 -3 -2 1

Now the original image can be represented by a four pixel transformed image
((a+b)/2) after the first cycle and a four pixel image containing the detail coefficients
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((a-b)/2). Recursively iterating this algorithm leads to an image that is reduced by a
factor of two for each cycle.The detail coefficients are required to reconstruct the
image. Reconstruction of the original image involves adding and subtracting the
detail coefficients to and from the subsequent transformation coefficients for each
cycle .During Reconstruction of the original image of the previous example, adding
and subtracting the transformation and detail coefficients obtain the first pair of
pixels [ Colm Mulcahy(2004)].

In 2D wavelet transformation, structures are defined in 2-D and the

transformation algorithm is applied in x direction first and then in the y-axis

- Thresholding

Threshold determination is an important question for denoising process. Small

Threshold may yield a result close to the input , but the result may still be noisy . A
large threshold on the other hand , produces an output with large number of zero
coefficients.This leads to a smooth image. Paying too much attention to smoothness,
however ,destroys detials and in image processing may cause blur and
artifacts[[Pujita Pinnamaneni(2003)].

The plot in fig (3) shows a noisy signal, for this signal replacing noisy
coefficients(small coefficients below a certain threshold value)by zero and an inverse
wavelet transform may lead to reconstruction that has denoised. Stated more
precisely ,the thresholding idea based on the following assumptions[Gabriel
Cristobal 1996]:

e The decorrelating property of a wavelet transform creates a sparse signal: most
untouched cofficients are zero or close to zero.

¢ Noise is spread out equally along all coefficients

e The noise level is not too high so that the signal wavelet coefficients from the

noisy ones can be distinguished [Martin Vetterli S Grace Chang, Bin Yu(2000)].

- Hard and Soft Thresholding

Hard and soft thresholding with threshold A are defined as follows

The hard thresholding operator is defined as
D(U, A)=U for all |U| > A
=0 otherwise
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The soft thresholding operator on the other hand is defined as
D(U, A)=sng(U) max (0,|U|- 1)

Hard threshold is a” keep or kill” procedure and is more intuitively appealing.
The transform function is shown in fig (4).The alternative ,soft thresholding (whose
transfer function is shown in fig(5)), shrinks coefficients above the threshold in
absolute value.While at first sight hard thresholding may seem to be natural, the
continuity of soft thresholding has some advantages. It makes algorthims
mathematically more tractable.Moreover, hard thresholding does not even work with
some algorithms , sometimes, pure noise coefficients may pass the hard threshold
and appear as annoying ‘blips’ in the output.Soft thresholding shrinks these false

structures[Maarten Jansen(2001)].

g

@ | =

Fig(3) Noisy signal

Fig(4)Hard threshold

3649



Number 2

Volume 15 June

Journal of Engineering

Fig(5) Soft threshod

IMPLEMENTION and RESULTS

In this paper the( Mathlab 7) program used to for image denoising according

to following steps:

Read RGB image

Used the flowchat in Fig (2) to extact PC bands

Define the throshold value, two type of throshold value used the hard
throshold and the soft throshold

The Haar transform matrix used to handle the PC1 using the block

process operation that found in the Mathlab

Get RGB band from the PC bands from following

—1
By

PC1
PC2

PC3

Where PCI is the processed band

-1
)

is the (3*3) eign vector matrix inverse

Fig(6) shows the result obtained when denoising sheme(Haar Wavelet)is

applied to the noisy sattelite image(PC1 only)fig(5) using the hard threshold(zero

threshold) and soft threshold (this threshold represent the stander devation and the

mean of image PC1 gray values).
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Fig(5-a) the orginal image
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Fig(5-b)Original image histogram(PCL1 only)
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Fig(5-c) The noisy image
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Fig(5-d)Noisy image histogram(PCL1 only)

Fig(6-a)Denoising image using standard devation threshold
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Fig(6-b)The Histogram of image (6-a)

Fig(6-c)Denoising image using mean threshold

0 50 100 150 200 250

Fig(6-d)The Histogram of image (6-c)
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Fig(6-e)Denoising image using Hard threshold
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Fig(6-f)The Histogram of image (6-e)

The effect of using wavelet denoising is clear ,by comparing the result images
histograms with the original image histogram ,for example ,fig(6-f) shows the
information losses (using hard threshold)comparing to fig(5-b), also the PSNR( Peak
Signal to Noise Ratio) used to analysis and compare the Wavelet performance with

standered method (a daptive wiener filter) .The PSNR defiend as folow

b

PSNR=20l0Q,,| —
PLrms
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where b is the largest possible value of the signal (typically 255 or 1), and rms is the
root mean square difference between two images. So by applying the a above
equation the following result obtained

Image PSNR
Noisy Image 20.24 dB
Wavelet denoising 26.71 dB

( standard devation threshold)

Wavelet denoising 26.78 dB
(mean threshold)
Wavelet denoising 26.55 dB
(hard threshold)
Adaptive filter 25.87 dB

CONCLUSION and FUTURE WORK

Experimental results shown above( the PSNR values) indicates that wavelet

transform is an effective method of denoising noisy images and the most important
feature is the transform threshold choicing by investigating Soft threshold schemes
virses the Hard threshold shemes.

The principal component transformation, is applied to the color image. The
data histogram for the PC1 band is studied and compare with the one of the
origional histogram and was found that approixamtly 90% of image information
found in this band ,so by process the first component (PC1) only the time and
storage need for color image processing can be reduced.

In future handle the same process using another methods of threshold
techniqgue such as  SureShrink,VisuShrink and  BayesShrink[Raghuram
Rangarajan(2002)].
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ABSTRACT

Single phase AC induction motors are one of the widely used motors in the world, yet relatively
little woke has been done in the applications of power electronic converter to these motors to achieve
variable speed operation. When variable speed is required, it is usually achieved either by using auto
transformer or by switching between two or more fixed winding configurations. The motor is analyzed
as an unbalanced two phase system to determine the torque that can be expected under variable
frequency control.

The performance of capacitor-run single phase induction motor used in SHEPWM adjustable speed
drives in the steady-state is investigated. The supply voltage-frequency law for the motor is selected in
such a way as to insure a correct operation of the motor over the whole speed range.
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INTRODUCTION

Single phase induction motors are one of the most widely used types of low power motors in the
world, especially for domestic or commercial applications where a three-phase power supply is not
available. These are inherently single and comparatively constant speed machines. In the case of
applications requiring variable speed operation, a supply with variable frequency and voltage is needed.
Variable frequency-voltage supplies can be available in the form of inverter [M.Ozdemir 1999,
D.G.Holmes 1993].

However, speed modulation of a single-phase motor is usually achieved either by some electrical
means, such as reducing supply voltage by auto-transformer, or by switching windings to change the
number of motor poles for different operating condition as required.

Up to date only a few alternatives to variable frequency converters have been reported used to achieve
variable speed single phase motor operation. One of these approaches uses a single phase converter to
control the phase angle of the voltage applied to the motor auxiliary winding, while the main winding
remains connected to the AC supply [E.R. Collins 1988]. Other work have proposed a continuous
variable speed control of single phase motor, using a standard three phase voltage source inverter
[M.Ozdemir 1999].

Voltage control is a simple method for changing the speed of capacitor-run motor shown in Fig.1, but it
allows only a very limited speed range to be obtained. Nowadays the frequency control acts as an
interesting alternative to voltage control [P.C.Sen 1997]. The o
capacitor-run motor seems to be one of the most appropriate Squirrel
actuators for variable speed drives [Twin City 2000]. In this Cage Rotor

paper frequency control in a range below the rated frequency AC  Main c—=
is investigated. The current study provides a performance  Mains Winding T

analysis of capacitor-run single phase induction motor fed Auxiliary
from variable frequency variable voltage supply involved o w"ﬂ%

steady-state equivalent circuit of the machine.
Fig. 1: Capacitor-run Single Phase
Induction Motor

SINGLE PHASE INDUCTION MOTOR MODEL

Single winding single phase motors are most effectively
analyzed using the Double Revolving Field Theory, which splits the R,/ 2S
oscillating single magnetic field produced by a current flowing Xl 2
through the winding into two contra-rotating magnetic fields, each of jXo/ 2
which can be analyzed using normal three phase rotating field theory.

The equivalent circuit for a single winding motor under these

conditions is shown in Fig.2 [D.G.Holmes 1993]. Rz/ 2(2-S)
The rotor impedance referred to the stator has been separated into two Xnl 2

halves, with one half influenced by the forward rotating field and the X2
other influenced by the backward rotating field. o

Fig. 2: Equivalent Circuit of Single Winding
Single Phase Induction Motor

For a two winding motor, with the windings arranged in space quadrature on the stator, this analysis
can be extended to develop a similar single phase equivalent circuit for each winding, with an
additional speed voltage in each winding representing the voltage induced in the winding from the
other winding's flux. The total equivalent circuit for this arrangement is shown in Fig.3, for two

3573
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=

unbalanced windings with a turns ratio of "1:as" between the main and the auxiliary winding. Note that
the parallel branches for each winding equivalent circuit have been converted into equivalent series
impedances.

1:as

Vi

. Rp I T
Auxiliary

S Auxiliary
Winding ) _ Eom __ Winding

Fig. 3: Equivalent Circuit of Unbalanced Two Winding Induction Motor

The impedances for this equivalent circuit are defined as:

Rim, X1m= Main winding resistance and leakage reactance.

R1a, X1a = Auxiliary winding resistance and leakage reactance.

Xm = Main winding magnetizing reactance.

as°Xm = Auxiliary winding magnetizing reactance.

R2, X2 = Rotor resistance and leakage reactance referred to main winding.

as’Ry, a°Xz = Rotor resistance and leakage reactance referred to auxiliary winding.
1:as = Turns ratio between main and auxiliary winding.

No attempt has been made to include a core loss representation into the model.

Using these definitions, the series equivalent forward and backward impedances shown in Fig. 3
become:

X °R,/S
R, = m o 1
RIS (X, + X, @

. _ Xul(Ry/S) + X, (X, +X,)] .
(Ry/S) +(X, + X, )

X, ?R,/(2-S)

RIS XX Y
_ Xm[(R2 /(2_8))2 + Xz(xz + Xm)]
T RS (K X, ¥
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where S is the motor slip.
As shown in [D. G. Holmes 1993], the average motor torque developed using this model is given by:

1 (lm2 +a52|a2XRf Ry
TaVELzas(lmlasingo)(Rf +Ry) ©

, and the pulsating torque is:

1 { [Im4 + (asla)4 + 2(a-s|m|a)2 COS(Z(P)]}MZ (6)

o = MRy —Re P (X ¢ — % P]

@
where ¢ is the Phase angle between the main winding current I, and auxiliary winding current I, and w;
is the angular synchronous speed.

SPEED CONTROL OF INDUCTION MOTORS

There are really only two techniques by which the speed of an induction motor can be controlled.
One is to vary the synchronous speed, and the other is to vary the slip of the motor for a given load.
The synchronous speed (N;) of an induction motor is given as:

N; =60 f, /P (7)

So only two ways in which N; can be varied: (i) by changing the electrical frequency (f;) and (ii) by
changing the number of poles (2P) on the machine. Slip control may be accomplished by varying either
the rotor resistance or terminal voltage of the motor.

There are two major approaches to changing the number of poles: (i) the method of consequent poles,
and (ii) multiple stator windings.

For the first method, the speeds will be in ratio of 2:1. With combining the two methods it is possible to
build a four-speed induction motor only (could be accomplished for three phase induction motor only).
The speed may be controlled over limited voltage by varying line voltage. This method is sometimes
used on small motors driving fans. The torque developed by the motor is proportional to the square of
the applied voltage.

In the wound rotor induction motors, it is possible to change the shape of torque-speed curve by
inserting extra resistances into the rotor circuit machine. The more popular speed control technique is
by changing the line frequency [S.J. Chapmen 1999].

A. (V/T) Speed control Strategy

Nowadays the rotary-converter method is being supplanted on a wide scale by static converter
methods in which performance and reliability of variable speed AC systems are improved.
If the electrical frequency applied to the stator of an induction motor is changed, the rate of rotation of
its magnetic fields N, will change in direct proportion to the change in electric frequency, and the no-
load point on the torque-speed characteristic curve will change with it. The synchronous speed of the
motor at rated conditions is known as the base speed. By using variable frequency control, it is possible
to adjust the speed either above or below the base speed. A properly designed variable-frequency
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induction motor drive can be very flexible. It can control the speed of the motor over a range from as
little as 5% of base speed up to about twice base speed. However it is important to maintain certain
voltage and torque limits on the motor as the frequency is varied, to ensure safe operation.

When running at speed below the base speed of the motor, it is necessary to reduce the terminal voltage
applied to the stator linearly with decreasing stator frequency. This process is called (derating). If it is
not done, the steel in the core of the motor will saturate and excessive magnetization currents will flow
in the machine.

The starting current drawn by an induction motor with a fixed frequency during direct-on-line start is
normally about six times its rated value. This current can be reduced by reduction of supply voltage
magnitude which leads to reducing the starting torque. However, when variable frequency is used it is
possible to use a low starting frequency and voltage and then raise it as the motor accelerates to
maintain constant air gap flux, and constant (V/f) [A. Jalil 1980].

The method of choice today for induction motor speed control is the solid-state variable-frequency
induction motor drive. The output voltage and frequency control is achieved by using PWM
techniques.

B. Choice of VVoltage and Frequency Patterns

Some loads such as fans require little torque when starting (or running at low speeds) and have

torques, which increases, as the square of the speed. Other loads might be harder to start, requiring
more than the rated full-load torque of the motor just to get the load moving. This drive provides a
variety of voltage-versus-frequency patterns, which can be selected by its load. Fig. 4.a shows the
general-purpose pattern, and Fig.4.b shows fan torque pattern (with low starting torques) when the
output voltage changes parabolically with changes in output frequency for speeds below base speed
(fa).
For any given frequency below the base frequency, the output voltage will be lower than it was with
the general pattern, providing a slow, smooth start for low torque loads [S.J. Chapmen 1999] for this
work the selected voltage values will increases by 10% for the low order frequency (5-15Hz) to
improve the starting torque .

Voltage (V) Voltage (V)
\Y rated \% rated

(b) (@)

»

f, 2f, f, o
Frequency (Hz) —»

Fig. 4: Voltage versus Frequency Patterns:
(a) General Purpose, (b) Fan Torque.

v

C. Speed Control of Capacitor-run Single Phase Induction Motor

Fractional horsepower single phase motors were estimated to constitute about 80 % of the motors
used in the industrial and commercial sectors. Therefore, the intensive exists to improving the
efficiency and power factor and harmonic contents of single phase motor applications [Y. Baghzouz
1988].

The capacitor-run single phase motor seems to be one of the most appropriate actuators for variable
speed fractional-horse-power drives. Voltage control is a simple method for changing the capacitor-run
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motor speed. The supply voltage may be varied by an autotransformer, as in the past, or by
semiconductor switching elements. However, voltage control of standard capacitor motors allows only
a very limited speed range to be obtained.

Nowadays the development of less expensive electronic power devices makes frequency control an
interesting alternative to voltage control. Recently some authors have proposed to change the speed of
single phase motors using cycloconverters, or inverters. The most advantageous of this kind of control
seems to be the possibility of obtaining satisfactory speed regulation with standard motors [Twin City
2000,U. Raghzouz 1988].

Adjustable speed is needed in various single phase motor drives. At speed lower than the rated value,
the motor current increases considerably. The resulting heat dissipation, in addition to sufficient motor
torque development, sets a lower limit to the operating speed range. It is well known that line power
factor improvement and minimum current distortion can be achieved by using PWM inverters which
have been successfully applied to adjustable-speed three phase induction motor drives where motor
voltage and frequency are simultaneously controlled. It is feasible to apply the variable-voltage
variable-frequency control strategy to a PWM inverter-fed single phase motor [Twin City 2000,U.
Reghzouz 1988]. In this paper, frequency control in a range below rated frequency is investigated.
With the same number of pulses per cycle, the optimized Selective Harmonic Elimination PWM
technique tends to produce currents of higher quality than do other PWM techniques [Jamal A. 2002].
In this paper, the feasibility of applying the variable-voltage variable-frequency control strategy to a
HEPWM inverter-fed single-phase motor is studied.

torque-speed characteristic of a single phase motor will first be analyzed for the frequency range of
interest, followed by a simulation of the drive in steady-state condition.

SIMULATION RESULTS

The operation of a single phase induction motor under the proposed variable-speed control
strategy has been extensively tested in simulation using a four pole, 1275 rpm, 220V, 175W, capacitor-
run single phase induction motor, and the applied voltage rose by 10% for the frequencies (5, 10 and
15) to improve the starting torque. The parameters of this motor are listed in the Table A.1 in the
Appendix A.

Simulation of this motor was developed using the MATLAB program on a PC, using the model
topology shown in Fig. 3, but with all reactance’s replaced with equivalent inductance values, to allow
the effects of the variable supply frequency to be investigated.

The performance of capacitor-run single phase induction motor used in adjustable speed drives is
investigated by applying the optimal SHEPWM technique [Dariusz 2002] for two different values of
switching angles (sw=3 and 7 or eliminating of the first two and six harmonics respectively). Fig. 5
shows the comparison of the motor performance at these two cases. It can be seen from the curves that
the rated, starting and maximum motor currents with sw=7 are less than that with sw=3 for the most
frequency range. It can be seen that decreasing of frequency causes decreasing of these currents, since
the voltage decreases with frequency at the same time. It should be noted that for 5Hz; the starting and
maximum torque to rated torque (T¢/Tr and T/Tr =9.5) with sw=7, while they are equal to (8.5 to 9) for
sw=3. Therefore the torque ratios with sw=7 are larger than that with sw=3 by (11.2%) at the low
frequency. So that the motor will start with higher starting torque with sw=7 than that with sw=3. From
the same figure we can also see that the motor rated and maximum currents, losses, additional losses,
input power, pulsating torque, and additional pulsating torque with sw=7 is less than that with sw=3.
Since the switching angles with sw=7 is higher than that with sw=3, therefore the switching losses will
be higher with sw=7. The drive switching losses can be neglected with respect to the motor losses. As a
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result the overall efficiency () will be higher with sw=7 than that with sw=3. It can be seen from the
Fig. (5) that the performance of the motor fed be SHPWM inverter with sw=7 is better than that with
sw=3. In other word increasing the switching angles (or harmonics to be eliminated) in the output
voltage of the inverter will improve the performance of the motor. As a result the 7-switching angles
SHEPWM technique is more suitable to be used with the motor adjustable speed drive.

Table 1 illustrates the performance of the motor with different frequencies with sw=3 and 7 to get
speed control of motor with smooth start.

Fig. 6 shows the performance curves of the proposed motor fed by 7-switching angles SHEPWM
inverter adjustable speed drive. The figure shows that the maximum slip are equal to unity (standstill)
at low frequency 5 Hz, and will decrease with increasing frequency, therefore the motor starts at
maximum torque. In this case, the starting with frequency more than 5 Hz is suitable for speed control.
As a result, the motor torques (starting and maximum) are very low at low frequencies and they
increase with increasing frequency. It can be seen from the same figure that the starting and maximum
to rated currents (I¢/l; and 1/l = 1) at lower frequency (5 Hz) and equal to (1.91 and 1.35 respectively)
at (50 Hz). Therefore the starting current with f=5Hz, reduces by approximately (91%) of that with base
frequency. Therefore the frequency 5Hz is suitable for smooth starting.

It can also be seen that the current ratios approximately (equal to 1.6) in the range of (5-15) Hz, which
is more than the rated (due to voltage increasing) and that might cause heating the motor over the rated
due to increases.

Studying the curves in Fig. 6 is very important for improving the performance of the proposed motor.
As a result it is feasible to apply the variable-voltage-frequency control strategy to SHEPWM inverter
fed single phase capacitor-run induction motor.

The mechanical and electrical characteristics of the proposed motor fed by 7-switching angles
SHEPWM adjustable speed drive are shown in Fig.7. It can be seen from the mechanical characteristic,
that the speed range for fixed load (Tc) will be limited to 50 Hz curve only, since this curve intersects
the straight line Tc at the point Qso, while the fan load line (T.) will pass through all the operating
points (>5Hz). As a result, the speed control of motors with fan load is more effective than with fixed
load.

The electrical characteristic in Fig. 7 shows how the motor will be started smoothly at 5 Hz drawn
1.5A, and increases with frequency increase till it reach 2.355 at (50Hz). While the motor will drawn
four to five times of its rated if starts directly with 50 Hz (220volt) main supply

At low frequency operation the torque reduced due to increasing the effect of the capacitor reactance
which lead to torque reduction, increasing the applied voltage for low frequencies will cause starting
torque increasing as well as the losses.

CONCLUSIONS

At speed lower than the rated speed the motor current increases considerably for constant
voltage. The resulting heat dissipation, in addition to insufficient motor torque development, sets a
lower limit to the operating speed.
The current study has shown that the variable-voltage variable-frequency method can be effectively
applied to control the speed of a single phase induction motor through a SHEPWM inverter. Note that
not only the motor performance is improved, but also the speed range is much wider.
Increasing the voltage for low frequencies is a good solution to improve the starting torque but might
cause extra heating.
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Smooth starting of the motor prevents the excessive current from occurring at starting time, which
causes heat generation and may destroy the motor insulation and decrease the motor lifetime. As a
result smooth starting improves the motor performance.

Single phase motor can only be effectively applied for adjustable-speed drives with fan-type loads for
constant (v/f) but it can by effective for general purpose when starting torque improved.

Increasing the switching in the output voltage of the inverter will improve the performance of the motor
but increasing the switching losses
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Fig. 7: Mechanical and Electrical Characteristics of the Proposed Motor Fed by 7-Sw. Angles SHEPWM Adjustable Speed Drive

Table 1: Motor Speed Control by Using Variable-Voltage, Variable-frequency Method Using SHPWM Technique

S 3 7
f V1 Nr Ir Is Tr Ts /] Nr Ir Is Tr Ts 7]
Hy | V) | Rem) | (A) (A) | (Nm) | (Nm) | (%) | Rpm) | (A) (A) | (Nm) | (Nm) | (%)
5 24.2 45 1.55 1.56 1.66e-3 .015 4.6e-3 44 1.5 1.59 1.5e-3 .0147 | 2.5e-3
10 48.4 250 1.54 16 .056 .0215 .9 208 1.53 1.6 .05 .027 .8
15 72.6 406 151 1.67 1334 .049 3.6 406 1.5 1.7 1335 | .0174 3.4
20 88 525 1.0837 | 1.3872 | .2234 .0347 11.96 525 1.246 | 15178 222 0372 | 14.1
25 110 654 1.5185 | 1.9115 | .3461 .0468 | 12.79 656 1.0932 | 1.5946 | .3491 .065 | 28.62
30 132 796 1.7963 | 2.3013 | .5095 1506 | 20.29 784 1.0554 | 1.7666 | .4953 | .1098 | 40.59
35 154 910 1.4454 | 2.1826 | .6681 1771 38.39 908 1.0514 | 1.9407 | .6642 | .1709 | 50.25
40 176 1030 1.287 2.2156 | .8574 .2519 51.57 1030 1.0751 | 2.0994 | .8548 | .2505 | 57.61
45 198 1152 1.2371 | 2.2933 | 1.0694 | .3523 | 60.35 1151 1.1332 | 2.2374 | 1.0709 | .352 63
50 220 1275 1.2692 | 2.3747 | 1.3122 .48 66.13 1275 1.2299 | 2.3539 | 1.312 | .4799 | 67.04
Appendix (A)
Table A. 1: Parameters and Specifications of the Proposed Motor

Turn ratio as 1.066

Number of pole pair P 2

Main winding resistance Rim 335 Q

Main winding leakage reactance Xim 27 Q

Auxiliary winding resistance Ria 345 Q

Auxiliary winding leakage reactance Xia 28 Q

Rotor resistance R, 20 Q

Rotor leakage reactance Xs 125 Q

Magnetization reactance Xm 173 Q

Rated supply voltage V, 220 \

Rated current 1 1.215 A

Total Power losses XP 85 W

Output power P, 175 \W

Efficiency Ui 67.38 %

Power factor Ps 0.9726

Rated speed N, 1275 Rpm

Capacitance C 6 uF

Available online @ iasj.net
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MODELING THE DISTRIBUTION OF (BOD) AND (TDS) IN PART

OF TIGRIS RIVERWITHIN BAGHDAD
Ibtihaj A. Abdul Razzak , Abbas H. Sulaymon and Abdul Jabbar R. Al-Zoubaidy
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ABSTRACT:

A multi-cells in serial model was developed to simulate the distribution of pollutants (which
are BODs and TDS) in Tigris river between Al-A'imma bridge and Al-Jumhuria bridge ,a reach
which is about (9 km) length within Baghdad city; this includes four sewage pumping stations
untreated discharged to the river.

This region was divided into eleven cells of different volumes. The model was operated
using the field data, which were obtained from the results of laboratory test of samples which were
collected from twelve stations in the river and four sewage pumping stations located within the
study region twice a month from 15/11/2005 to 30/4/2006. Verification of the simulation model was
accomplished by its application to predict the substances concentrations observed.

A package program of differential equation were applied to obtain the concentrations of
parameters and modeling the water quality, it was concluded that the concentrations of pollutants
were increased at the discharge points in the river, the concentration of BODs reached 140ppm at
1.4km from the beginning of the study region, 170ppm at 5km, 160ppm at 6.5km and 155ppm at
7.5km, then BODs became within the acceptable values in the other regions and finally it reaches
the acceptable value after the last discharge point (7.8km) from the beginning of the study region,
TDS was within the acceptable range except at 5km it reaches 1100ppm. sewage pumping stations
shouldn't set at high discharge rate (12 hr/day) to decrease the pollutants concentrations in Tigris
river in order to keep these concentrations within the acceptable values specially at low flow of the
river (250 m*/sec).
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By using Surfer program to show the distribution of model results (obtained from the
previous program) and the field results (which were obtained from the laboratory tests) and to
compute the comparison between them.

INTRODUCTION:

Fresh waters are facing an increasing load of the disposal of polluted waters due to rapid
growth of industrial and municipal activities as well as the increase of land drainage due to
agricultural activities. Outfalls effluents with high pollutant concentrations are discharged to fresh
water without treatment causing near field and far field pollution conditions in rivers (Petrus,1990).

The quantitative and qualitative study of water resources, their development and management
become one of the major concerns of the society. The escalating demands on limited water
resources, needs for maintaining suitable water quality for human, agricultural, and industrial uses
and complex interactions of numerous elements of the man-water environment have necessitated
the use of more sophisticated forecasting techniques. Such forecasting is essential in the planning,
designing, and management of water resources system. [Hikmat , 2005]

Water quality studies have focused on cases where sever pollution problems are arises,
especially in heavily populated urban areas. Baghdad city is over populated and produced a huge
amount of wastewater from different sources which are disposed into Tigris River directly or after
treatment. In the last few years, an increase of wastewater directly disposed in the river using pump
stations of storm sewer network have caused high pollution levels in the river water.(Dahr,2004).

Most potential negative environmental impacts from the application of recycled water to the
environment come from recycled water's origin as wastewater. These impacts include other water
resources, potential contamination of surface and groundwater sources. Public health hazards, and
other environmental impacts that may directly or indirectly affect the public. Fortunately, very few
significant negative impacts have ever occurred. It is important that all public water systems serve
water of the best possible quality to their customers(William,2001).

Water quality characteristics fall into the following four broad categories:

1- Physical.

2- Chemical.

3- Biological.

4- Radiological.

The concentration of pollutant in the river is affected by water discharges, velocities and the
dispersion coefficient values which is continuously changes with time.

The estimation of the velocities which is the major factor affecting the pollutant movement, is
often based on physical models or actual measurements. Both are time-consuming and relatively
expensive.

Tigris river facing the effect of conservative pollution due to the discharge of wastewater in it.

The present research is to study the effect of pollution sources between Al-A'imma bridge
and Al-Jumhuriya bridge on Tigris river water quality, the pollution sources include four sewage
pumping stations: Fig.(1).

1- (RQ) sewage pumping station.  (S1)

2- (T1) sewage pumping station. (S2)

3- (M112) sewage pumping station. (S3)

4- (M108) sewage pumping station. (S4)
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Figure (1) Tigris river between Al A'imma bridge and
Al-Jumhuriya bridge. [Tourist map of Baghdad 2004]
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EXPERIMENTAL WORK

The experimental work, in this study, can be divided into two parts; field work and laboratory
work. In the following sections a brief description of the procedures and equipment were used.

FIELD WORK

Spot samples were collected in order to study the effect of discharge of wastewater from the
sewage stations to Tigris river between Al-A'imma bridge and Al-Jumhuriya bridge on Tigris river
water quality.

Twelve stations were chosen in the study region, which includes four discharge points as
shown in Fig. (2), and four samples from the sewage pumping stations which were discharge
directly to the river within the study region.

The samples were collected from the same stations twice a month from 15/11/2005 to
30/4/2006.Table (1) shows the location and distances of these stations.

RIVER-CROSS SECTIONS
An updating of the cross-sections measured in May 2000 for the Tigris river in Baghdad city

which were conducted by the Ministry of Water Resources was utilized. Twelve cross-sections were
surveyed along different selected stations on the river reach involved in the present study.

Al A'tinma bridge

RQISI)

Al Adbnuys bndge

Al Karnman Watey

Al Sarnfuya bridge

Al Wathha Water Station
T1i82)

Bab Al smuodhinm bridge
M

« MI12(53)
- Al Shubady bridge

MI108 (54)
Al Alirar bridge

Al Sfuak bridpe

= - Al Jumhuriya bridge

Figure ( 2) General layouts of the study region
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Table (1) The locations and distances of the sampling stations on Tigris river.

Distance(Km)

Locations

Coordinates

0.0

Al-A'imma bridge

33022'29".82N

44°21'19".22E

1.2

(RQ) pumping station

33°21'55".54N

44°2054".82E

2.0

Al-Adhamiya bridge

33°21'33".71N

44°21'14".30E

4.0

Al-Sarafiya bridge

33°21'27".50N

44°22'21".12E

5.0

(T1) pumping station

33°21'02".14N

44°22'17".30E

6.0

Bab Almuadham bridge

33°20'33".20N

44°22'44".99E

6.5

(M112) pumping station

33°20'26".12N

44°23'03".80E

7.0

Al-Shuhada bridge

33°20'17".03N

44°23'16".52E

7.5

(M108) pumping station

33°20'09".70N

44°23'26".01E

7.9

Al-Ahrar bridge

33°19'55".80N

44°23'43".17E

8.5

Al-Sinak bridge

33°19'42".22N

44°24'00".99E

9.0

Al-Jumhuriya bridge
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The relationship between water level and flow of Tigris river was plotted as Rating Curve
Fig.(3).

Q =32.014 (Z-24.01)"*
R? = 0.99206

35
34
33
32
31
30
29
28
27
26
25 T T T

1000 1500 2000 2500

How rate (Q)(m%sec)

Water level (2)

Fig.(3) Rating Curve at Sarai Baghdad Gauging Station.
The water level of Tigris river for the days when the samples collected were measured at
Sarai Baghdad Gauging Station then the values of flow of the river were founded from the rating
curve Fig. (3) and the results were tabulated in table (2).

Table (2) Water Level and Flow of Tigris river at Sarai Baghdad Gauging Station.

Date W.L.(m) Flow (Qin)
Sarai Baghdad (m3/sec)

15/11/2005 29.72 875
30/11/2005 29.08 698
15/12/2005 28.96 667
30/12/2005 28.90 652
15/01/2006 28.88 647
30/01/2006 28.94 660
15/02/2006 28.79 625
28/02/2006 28.72 607
15/03/2006 29.36 770
30/03/2006 29.20 730
15/04/2006 28.92 655
30/04/2006 28.88 645
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LABORATORY WORK

River stream and outfalls sewage pumping stations samples were collected using bottles of
one-liter capacity from the middle of the river at the depth of (0.5m), and the samples which
collected twice a month were tested.

Two constituents were involved in the present work, Biological Oxygen Demand (BODs),
Total Dissolved Solid (TDS).

BODs TEST BY ELECTROMETER METHOD

The instrument used In this method is BOD meter. The electrode placed in (250 ml) diluted
sample in order to measure the initial dissolved oxygen (D1), and after 5 days the final dissolved
oxygen was measured (D,) (YOUNG,1981)
then BODs was calculated by:

D:— D2
P

BODs, (ppm) =

Where:
D;= DO of diluted sample immediately after preparation, mg/I
D,= DO of diluted sample after 5 days incubation at 20°C, mg/I
P = decimal volumetric fraction of sample used (dilution factor).

TDS TEST BY FILTRATION FOLLOWED BY OVEN DRYING

200 ml (V) of sample was filtered by filter paper to separate the suspended solid, then the
beaker was weighted (A) and filled by the filtered sample ,the sample was dried in the oven at105°C
for 5 hours ,the beaker with the dissolved solid was weighted again (B) (Clesceri,1998).

Then TDS was calculated by :
TDS(ppm) = ¥

Figures (4) and (5) show the contaminants distribution of the average values of the field
results.
The allowable limit of (BODs) according to the Iraqi standards is (40 ppm) and for (TDS) is (1000

ppm)
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According to the Iragi standards No.417 (2001), the allowable limit of (BODs) is (40 ppm) and

for (TDS) is (1000 ppm).
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Figure (4 ) BODs variation along the study region.
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Figure (5) TDS variation along the study region.
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MODEL, RESULTS, AND DISCUSION:

The model operation will be tested and compared, separately as quality part, with field
results.
Input Data

In order to prepare the input data needed to operate the model and runs the computer
program the following steps were followed:-
-The study region was limited from Al-A'imma bridge to AL- Jumhuriya bridge on Tigris river
which is about (9) kilometers length within Baghdad city.

- The study region was divided into eleven cells as shown in Fig.(6).
Qin

0 Km l

1
S1(7.85m?%Sec) 12Km
Al Karama water intake 2
(82 M /S e C) g
2 Km
3
4 Km
4 Al Wathba water intake
5 K e (13.889 M ¥/Sec)
= 52 (6.656 M 3/Sec)
5
6 Km
6
6.5 Km
e $3 (1.38 m3/Sec)
7
7 Km
8
75Km t——— $4 (0.69 m3/Sec)
7.9 Km 9
10
85 Km
11
9 Km 1
Q out

Figure ( 6 ) Sketch of the study region (AL-A'imma bridge to AL-Jumhuriya bridge)
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- The cross sectional area of each cell ( A1) was calculated with the help of the cross sectional areas
of the river (water resources ministry, 2000 ) .

To calculate the slope of the river within the study region the following steps followed:-
e The water level at Sarai Baghdad gauging station ( 6800 m from Al'Aimma bridge ) ( WL, )
was 28.88 m .
e The water level at Al-Jumhuriya bridge ( 9000 m from Al'’Aimma bridge ) (WL, ) was 28.73 m

Y= WL1 — WL2
= 28.88-28.73=0.15m
D= 9000-6800=2200 m
Slope = Y/D
=0.15/2200=6.82*10"-5 =6.82 cm/km
While:
Y = The different of water levels between two stations.
D = The distance between the two stations.
- The surface area of each cell ( A, ) was calculated by multiplying the length by the width.
A=L*W
While:
L = the length of the cell
W= the width of the cell
- The distance between each two neighboring cells ( from center to center ) ( C3 ) was setted.
- The volume of cells were calculated (V) .
V=A*L
- The concentration of the pollutant in the river ( C ) and from the sewage pumping stations ( C, )
were taken from the laboratory tests.
- The flow rate of water into the cell was measured (Qin) ( Table (2))
- The flow rate of the sewage pumping stations discharge ( Q2) are listed In table (3) :-

Table( 3 )The flow rate of the sewage pumping stations
( Baghdad sewage authority, 2006 ).

- The withdraw flow of water pumping stations were shown in table (4) :-

Table (4 ) Withdraw flow of water intake stations
( Baghdad water authority, 2006 ).

Water stations

Al Karama
Al Wathba
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-The monthly rainfall and evaporation rate are tabulated in table (5) which used in the equation:-
Qot=QintQ2-Qw+Qp—Qk:

Table (5) The monthly rainfall and evaporation rate ( Iraq Climate, 2006 )

Months Rain fall (P)(mm) Evaporation (E') (mm)
9.9 113
13.4 89
11.9 45
10.8 67
20.5 112
24.7 154

- The dimensions of the cells are tabulated in table (6):-

Table (6 ) Some dimensions of the cells in the study region

Cell A (m?) V(m?)
number

-

276000 1301640
192000 464240
260000 1848400
230000 793600
175000 532900
75000 263950
75000 439500
87500 451600
80000 591760
138000 945540
130000 733600

OO |INOO|OTH~W|N

=
| O

- To compute the longitudinal dispersion—coefficient there are several empirical and analytical
equations have been recommended by various investigators.
Elder (1959), derived a formula for the dispersion coefficient for an infinitely wide two-
dimensional flow down a plane as followes:-

D.=593HU 1)
Where:

Dy is the longitudinal dispersion coefficient (m?/sec.).

H is the depth of flow (m).

U is the velocity of flow (m/sec.) (U=Q/A;).
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A
A

SIMULATION MODEL

The computer program is an essential research tool used for performing computation of
simulation model, it was mainly consists of two parts, the first part was used to perform the out
flow rate of each cell by applying a water flow balance for each cell

Qot=Qin+tQ2-Quw+Qp—Qr: 2)

The second part of the computer program was used to perform the computations of water
quality model by applying multi-cells in serial by substitute the results of eq. (2) in the following
equation: (Shanahan and Harleman, 1984).

An increase in the dispersion coefficient would make the peak concentration reach the outlet
at a shorter time, and reduce the variation of the cells concentrations.

DLA
Cs

vz—f:Z[chonmC+ (Cz—C)}

©)

In order to keep the stability of the model , the calculation of pollutants of every record was
done by divided the step into multi steps and calculate the concentration in each step , then the
results were used as an initial concentration to the following step , and the computer program was
calculated the concentration in the second cell in the same way by using the final step concentration
from the first cell as an input concentration to the second cell and so on for all cells and records the
results .

This method depends on many assumptions, the main ones of which are:

1- The water enters the cell or leaves it as a pulse at the start of the simulation time step.

2- The resultant of inflow and outflow of cell across its boundary is uniformly distributed, so it
would be at the same level in the cell at the start of the simulation time step.

3- The cells volumes were remain constant.

4- The concentration of pollutants in dropped rain and evaporated water are equal to zero.

RESULTS AND DISCUSSION
1- The concentrations of the contaminants increase at the discharge points in the river and
decrease in the other regions, due to the mixing with the river's water.

2- From the results of laboratory tests, the concentrations of the samples at stations 2, 5, 7, and 9
were very high compared with the other stations, because they were collected from the stations at
the river at the discharge of the sewage pumping stations (S1, S2, S3, and S4).

3- The BODs and TDS concentrations at station (5) were higher than the other stations (2, 7, and
9) because of the higher concentrations of the discharge sewage from (S2) than those from (S1, S3,
and S4).

4- The BODs concentration levels increase at the river at the discharge points, Fig. (4) and (5),
so they increase at distance 1.2 km by 350% of the acceptable limit , at distance 5 km by 420% of
the acceptable limit, at distance 6.5km by 400% of the acceptable limit, and at distance 7.5 km by
380% of the acceptable limit, then they decrease at the other regions, and at (7.8 km) they reach the
allowable values.

5- The TDS concentrations increase at the discharge points , these values were between (400
ppm - 1100 ppm) so they were within the acceptable values (1000 ppm) except at station (5) it was
reached (1100) ppm due to high TDS concentration in the discharge sewage from (S2) at (5 km).

3684



Number 2 Volume 15 June 2009 Journal of Engineering

6- Al-Karama water intake locate at (1.8 km) on the study region and Al-Wathba water intake
locate at (4.8 km) on the study region,, at these stations BODs, TDS are acceptable according to the
allowable Iraqi standared .

7-The results which obtained from that computer program were plotted as a model results, and
the field results which obtained from the laboratory test were plotted as a field results in order to
compare between the two results

8- There are perfect results and a good agreement between measured and predicted results
especially in November and March, due to the operation of the pumping stations with the designed
discharge rate (Q2) during sampling period, while in some days the stations set at low discharge
rate, so the field results were less than the model results on these days especially in February and
April.

Surfer program was applied to explain the contour map and vector map for model results, field
results, and the comparison between them as a residual Fig. (7 & 8) .

A contour map is a two-dimensional representation of three-dimensional data; the first two
dimensions are the XY coordinates which refer to the cell number and the collecting time, while the
third dimension Z is represented by lines of equal value which refer to the concentration.

A vector map shows the direction and magnitude of data at points on a map; they are
automatically generated from a single grid by computing the gradient of the concentration. At any
given grid node on the map, the arrow points in the direction of the steepest ascent, the magnitude
of the arrow changes depending on the steepness of the ascent.

CONCLUSIONS

1- Results of laboratory tests the concentrations of the samples at stations (2, 5, 7, and 9) were
very high (about six times for BODs and double for TDS) compared with the other stations, because
they were collected from the stations in the river at the discharge of the sewage pumping stations
(S1, S2, S3, and S4).

2-There are good agreement between measured and predicted results, which confirms the
validity of the selection of the pertinent specified.

3-Field measurements on laboratory tests present that:
* BODs concentration level are exceed the allowable Iraqi standards (40 ppm) in the river at the
discharge points then they return to the acceptable values in the other points, and they reach the

allowable Iraqi standard at (7.8 km) due to the mixing in the river.

* TDS are within the allowable standard (1000 ppm) except in the position ( 5 ) at (5 km) it
reached (1100 ppm) because of high TDS concentrations in (S2).
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Abbreviate

List of Abbreviations

Description

BOD

Biological Oxygen Demand

Conc.

Concentration

DO

Dissolved Oxygen

E

East

Eq.

Equation

Fig.

Figure

N

North

Part Per Million

P.S.

Pumping Station

Sewage Pumping Station

Station number

(RQ) sewage pumping station

(T1) sewage pumping station

(M112) sewage pumping station

(M108) sewage pumping station

Total Dissolved Solids

Water Level
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Symbol
Description Units
A1 The cross sectional area of the cell. m?
A; The surface area of the cell. m?
C Constituent concentration mg/I
Cs The concentration of completely mixing water at the mg/l
final time step
Cs Distance from center of the cell to the center of the m
neighbor cell
E' Rate of evaporation from the cell surface mm
P Rate of rain fall on the cell surface mm
Q2 Flow rate of the pumping sewage station m*/sec
List of Symbols
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Qe The flow of evaporation m?*/sec
Qin The in flow of water into the cell . m?>/sec
Qout The out flow of water from the cell . m?>/sec
Qp The flow of rain m®/sec
Qw Withdraw flow of water pumping station m?*/sec
t Time sec.
\Y The volume of the cell. m?
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SITE ASSESSMENT GUIDANCE A CASE STUDY (OUIREEJ
SCRAP YARD)

Jathwa A. Ibraheem
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ABSTRACT

Scrap metal export is currently one of the few thriving industries in Irag. Looters and
legitimate operators are together effectively demolishing many of the old industrial facilities in
order to retrieve the metal contained in buildings, processes and storage equipments and
vehicles.

The mixing of civilian and military scrapping operations such as that occurring at
Ouireej is exacerbating the problem. The situation is particularly difficult for Irag, given the
rapid growth of the scrap industry and the lack of security.

In view of the current difficulties, the focus was on practical short to medium term
improvements such as controlling access to sites, land use zoning, licensing and export controls.
The wholesale reform of the scrap metal industry to improve environmental practices, whilst
desirable, is also probably not feasible in the short to medium term. The remediation of working
scrap sites, such as Ouireej is also probably unfeasible at present. Laboratory analysis of shallow
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soil detected contamination by PCBs, mineral oil and heavy metals, principally copper, lead,
antimony and Zinc.

The detected levels of all contaminants were relatively low. But PCB contamination was
relatively widespread, being detected in eight soil samples with a maximum concentration of
23 ng/kg. Laboratory analysis of rainwater ponds on the site indicated marginal contamination
by heavy metals and mineral oils

KEYWORD
Scrap, Military scrap, Ouireej, Site assessment, Contamination, Weapons of Mass
Destruction (WMD), Risk. PCB

INTRODUCTION

Iraq has significant legacy of contaminated and derelict industrial and military sites. Many
facilities are unlikely to re-start operation but apportion of the sites in urban areas may be
developed for other uses.

These sites have major problems with hazardous wastes but generally lesser problems with
contaminated soil and water. In a minority of cases, the sites represent a severe risk to human
health, specifically to site workers and trespassers (UNEP, 2005).

The background of conflict in Iraq since 1980 has also contributed to the environmental
problems. As Iraq is a relatively industrialized country, with tens of thousands of industrial sites,
it is considered too large and costly to address in a uniform manner, i.e. by assessing and
cleaning up every site.

International experience (UNEP, 2005) indicates that whilst a large percentage of industrial
sites may have ground contamination or problems with hazardous waste management, only a
very small fraction represent such an immediate and grave threat to human health or to the
environment that urgent action is warranted. To be most effective, efforts in Iraq should be
focused on first identifying and addressing the most urgent cases.

Iraq is unique in that its industrial sites have been under some form of international
monitoring and assessment since 1991, for military reasons. The 15-year search for weapons of
mass destruction (WMD) covered potential chemical, biological and nuclear weapons research
and manufacturing programs across Irag.

The hundreds of contaminated sites through Irag require characterization and assessment
before remediation systems are designed and implemented. In some cases, no clean up maybe
the best alternative to protect public health and the environment. Nonetheless, the complexity of
contaminated sites requires a multiphase assessment process in which the sites are identified,
screened, and characterized.

SCRAP METAL INDUSTRIES
Although scrap yards are recognized worldwide as important source of water pollution,
land contamination and hazardous waste (Watts, 1997), yet military scrap and scrap yards in
Iraq present a number of additional hazards (ISEPI, 1994) including:
e Explosion and fire risks from munitions

e Unusual concentration of toxic chemicals (e.g. each T72 tank contains up to 150 liters of
pure polychlorinated biphenyls PCB )

e Asbestos (again from tanks and military vehicles)

e Depleted uranium (DU) fragments in destroyed tanks and vehicles
Separation of military and civilian scrap operation could reduce the scale of the problem.
The great majority of scrap metal generated is linked to civilian vehicles and derelict industries.
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Within the military scrap category, a large amount (such as trucks, building materials) does not
represent any additional hazard over civilian scrap. These materials could be left to the civilian
scrap industry.

SITE ASSESSMENT GUIDANCE

Assessment strategy
The assessment strategy for the scrap yard industry needs to address the issues of location
and prioritization (ISO/IEC 17025, 1999).

e Location. The number and position of all scrap yards in Iraq dealing with military
equipment is unknown. There is no central register and many operations are
small and temporary in nature.

e Prioritization. The list of physical and chemical hazards associated with scrap yards is
long. It can be assumed that environmental conditions within the scrap yards are
very poor and likely to remain so until an organized system of environmental
regulation is implemented. Before this occurs, any comprehensive assessment
and cleanup work is likely to be wasted effort as ongoing scrap yard operations
will simply continue to contaminate the areas in which they work.

The recommended activities for scrap yards site assessments are as follows:

Site mapping project: The objective of site-mapping project is to broadly understand the
contamination situation within and immediately surrounding the site. Detailed assessment of the
surface waters, soil, and groundwater over all of the sites is excluded on the grounds of scale.
Enquiries and escorted site visits should be able to establish the overall location and pattern of
contamination sources on the site. In particular, the number and types of military vehicles should
be estimated and counted. The density of vehicles/scrap should be estimated, by counting the
number within defined areas say 50m by 50m. The results of the survey should be developed as
a series of maps with accompanying notes on the activities and materials involved. Some very
limited general sampling of soil and water is recommended to obtain a general idea of the
composition and peak concentrations of the contamination.

Military vehicle area survey: The objective of the survey is to obtain detailed data on the
actual environmental conditions immediately surrounding stored and dismantled military
vehicles. The survey should focus on the ground surface within 25m of the target vehicle.
Scrapped military vehicles, particularly tanks, should not be entered due to the multiple risks
from depleted uranium (DU), unexploded ordnance (UXO), asbestos, and chemicals.

Local watercourse survey: Watercourses on or very close to the major scrap yards should be
assessed for contamination migrating offsite. In this case, sediment sampling is as important as
water sampling as PCBs will mainly be found in the sediments.

GENERAL GUIDANCE

Investigation techniques: Efforts should be focused on non-intrusive sampling (i.e. avoid
extensive digging). Surface soil samples can be taken by hand. Open watercourses can be
sampled by hand. For intermittent watercourses such as storm water drains, sediment sampling
may be useful (Watts, 1997).
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Sample analysis techniques: The wide range of chemicals potentially present means that
sample analysis should also be wide ranging. The following laboratory analyses and analyses
suites are recommended (ASTEM, 2004):

e pH and alkalinity

Aluminum

Heavy metals including Vanadium

Uranium

Volatile Organic Compounds (VOCs) by GC MS

Total Petroleum Hydrocarbons by GC and IR ( both methods)

Nitrogen compounds - Total Nitrogen, Oxides of Nitrogen , Ammonium,

Inorganic ions - Chloride, phosphate, sulfate, calcium, magnesium, salinity, conductivity

Polar organics - alcohols and glycols and poly chlorinated biphenyls (PCBs).
On site, testing is suitable for pH, surface water parameters, and volatile organics. VOCs
such as toluene can be tested onsite using a Photo-lionization Detector.

Hazardous material sampling: The main objective of the hazardous material sampling
programme is to obtain an accurate assessment of the type of hazardous waste disposed at the
site. In particular, visible oils and oily stains should be sampled to test for PCBs from the
scrapping of military vehicles (watts, 1997).

Water monitoring and sampling: The objectives of the water monitoring and sampling is to
obtain an indication of the mobility of the contamination in the water phase in any standing
water on site or in drains leading from the site (ISO/IEC 17025, 1999)..

Water monitoring and sampling will be located using the list of Assessment Target Areas. For
monitoring, use the Troll 9000 for all samples. Avoid putting the Troll 9000 into any pools of
chemicals, as this will damage it (UNEP, 2005).

CASE STUDY (SCRAP YARD OF OUIREEJ):

Ouireej is one of the largest military scrap yards in Baghdad. It s location is about 20 km
to the west of Baghdad, in the alluvial plain southwest of the River Tigris. The region is under
the responsibility of Al-Rasheed municipality (figure 1). It used to be an open land intended to
be distributed to create a living zone. After the conflict, the land turned to be an open landfill, or
a scrap yard collecting solid waste and hazardous wastes

The site was allocated as one of the main dumping and processing sites for military scrap
arising from the conflict of the subsequent destruction of the Iraq arsenal, scrapped in an
uncontrolled manner, resulting in localized contamination, potential to affect surface and
shallow soils, surface water (drainage ditches flow to Tigris) and shallow groundwater.

The principal source of hazards is the open dumping of highly toxic chemical wastes and
the dispersal of such wastes by looting, demolition, or weather.

The site was damaged or in an environmentally poor condition due to either looting, fire,
conflict or poor operating practices. At the peak of activity, the site held hundreds of items of
potentially hazardous military hardware including tanks missiles, yet it still containing
unexploded ordnance and hazardous chemicals.

Two people were reportedly killed, by explosions and by poisoning, in the uncontrolled
scrap metal recovery operations that occurred over the period mid 2003- early 2005 (UNEP,
2005). The surrounding land use is a mixture of industrial residential and agricultural. There are
some houses on and adjacent to the site. The margins of the site also appear to be used for
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dumping of construction debris. The site is very sparsely occupied and there is a great deal of
vacant or unused land.

Site assessment strategy: The work was carried out over the period January 2004 to July 2005
in Iraq, with support activities in Jordan, Switzerland, and United Kingdom. The assessment
strategy for the site was as the assessment of the whole site in moderate detail, with detailed
assessment of the numerous hotspots and any standing water.

Assessment target areas and contaminants: The key assessment targets approach was to
divide the site into 9 general zones as follows:

North
1. Northwest |2. North 3. North East
4. West 5. Central 6. East

7.SouthWest 8.South 9.SouthEast

South

In addition to the 9 general zones there were three items which required individual assessment:
10. The new housing onsite
11. The standing water (ponds)
12. External control points.
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Fig. 1 Ouireej yard location (UNEP, 2005)

Overview of techniques: The following techniques were used on the site;
1. Soil sampling
2. Hazardous material sampling
3. Water sampling

Sampling on site was of soils, hazardous materials, and waters from wells and ponds where
applicable. Hand auger equipment and hand tools such as trowels were used to collect soil and
hazardous material samples. Drum keys, grounding wires, hand pumps, disposable bailers and a
flap gouge auger was used, to take representative samples of the contents of barrels and
containers for identification through off-site laboratory chemical analysis. Disposable bailers
were used to sample groundwater from wells, and disposable plastic containers were used,
where appropriate, to take samples from standing water bodies, sumps, and tanks, logged, and
packed for export by air fright to the international laboratories.

Water quality was tested onsite with the Troll 9000. Probes were used to measure pH,

temperature, dissolved oxygen, and oxygen-reduction potential. Soil vapor was measured using
Photo lonization Detector (PID) for detection of volatile organic compounds.

Chemical analysis: Samples were exported via airfreight and analyzed at three commercial
analytical laboratories in the United Kingdom. Alcontrol laboratory in Chester, united Kingdom,
carried out the standard analysis and coordinated the specialist analyses (Tables 1a, 2a, 3a and
4a in appendix A). Alcontrol is accredited to the ISO 17027 standard (ISO/ IEC 17025, 1999).
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There is no Iragi legislation or guidance material regarding acceptable levels of risk from
hazardous waste or contaminated land. Existing formal standards from the UK (ASTEM, 2004),
USA, Australia and the Netherlands were considered suitable as initial guidelines but are also
considered to be generally too stringent and therefore too costly to be implemented in Iraq at
present. International standards such as the WHO drinking water standards (WHO 1998) are
relevant mainly as end —user standards rather than directly applicable to contaminated land.

For safety reasons samples with potentially high concentrations of cyanide or organic
mercury were unsuitable for the standard process of quartering grinding and acid digestion.

Hazardous samples were dispatched to London Scandinavian Metallurgical Company Ltd.
for elemental analysis by x-Ray Fluorescence spectroscopy (XRF) and X-Ray Diffraction
(XRD). Samples for organic mercury were dispatched to Mountain Heath Service laboratory for
specialized treatment and analysis.

Irag has no screening system so an appropriate substitute was needed. The systems used
for this project were the current (National Environmental Protection Australian Council
Schedule B1 and B7a, 1999) and Dutch (Netherlands Government Gazette, 2000) standards and
accompanying guidance. For the Australian system, the Health Investigation Limits A were used
for soil screening and the ground water Investigation Limits (drinking water) were used for
waters. These values represent the levels above which contamination is considered significant
enough to warrant further investigation and assessment. For the Dutch system, the soil
remediation intervention values were used as terms of references

More general terms (A. Richard and P.E. Conway, 1982) are used as follow:

1.  Uncontaminated- Any contamination, if detected, is below the selected
international standards

2. Slightly contaminated- Contamination is present, but in limited volumes and at
concentrations limited to 1-10 times the selected international standards

3. Moderately contaminated- Contamination is present, in limited volumes and at
concentrations 1-100 times the selected international standards

4.  Heavily contaminated- Contamination is present in large volumes and over large
areas and at concentrations, which can exceed 100 times the selected international
standards.

Site Assessment activities: Ouireej site was visited for general fact-findings, Table 1 details
sampling and monitoring activities of the April and May 2005 site visits.

Table 1 Site assessment activities

Sample type/ activity Number of samples or points
Soil 148
Waste chemicals 10
Surface water 3
Ground water 6
FINDINGS

Although hazardous wastes are present on the site, they are not present as large discrete
stockpiles, but scattered as fragments, barrels, and small piles. The most common type of waste
appears to be scattered burnt residues from uncontrolled burning of the non-metallic parts of the
scrapped vehicles.

Shallow soil contamination is present at numerous points throughout the site, as
evidenced by encrustations of metal oxides, oil stains and discolored ground. Laboratory
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analysis of shallow soil detected contamination by PCBs, mineral oil and heavy metals,
principally copper, lead, antimony and Zinc.

The detected levels of all contaminants were relatively low. PCB contamination was
relatively widespread, being detected in eight soil samples with a maximum concentration of 23
ug/kg. Laboratory analysis of rainwater ponds on the site indicated marginal contamination by
heavy metals and mineral oils. In summary, the limited sampling indicates that:

1. The site in its current state represents a moderate risk to human health, primarily to
site workers, and to site residents.

2. The principal toxicity risk was from direct contact with, and inhalation of
chemicals in the process of transporting, cutting, sorting and burning the scrap.

3. Explosion and fire risks from UXO present on the site were expected but could not
be quantified.

4. The mixing of civilian and military scrapping activities increased the scale of the
problem

5. The observed house building on a working military scrap yard site with UXO risks
is creating new risks and issues.

CONCLUSIONS

The scrap operations on site reached a peak in late 2003 and throughout 2004 and that the
amount of scrap on site at time of investigation (June 2005) represents only 25% of the original
volume. The scrapping operations apparently closed down due to a combination of dwindling
economic return and pressure from the municipalities. The site in its current state represents a
moderate risk to human health, principally to site workers, but also to site residents, and the
mixing of civilian and military scrapping activities is increasing the scale of the problem.

RECOMMENDATIONS

The recommendations, in summary, are :

1. To separate the military and civilian operations and the residential development to
mitigate the obvious risks of combining all these land uses. Separation of the
hazardous military scrap from other material by relocation.

2. Secure fencing would be a simple but cost effective method for reducing the risk of
exposure for most site workers and all of the nearby residents.

3. Maintenance of this separation would need to be enforced by commercial means, e.g.
only one contractor is allowed to deal with military scrap and is paid to manage the
iSsue.

4. The current building of new houses in the scrap yard area should be stopped or managed
to include land re-zoning and site cleanup prior to redevelopment.

5. In the longer term, national, strategies, policies, legislation, and enforcement are
needed for hazardous waste management and contaminated land. There is currently
no specialist technical capacity in Irag to take any quick corrective action on highly
hazardous waste. This would need to be developed prior to conducting any such works.
A new hazardous waste treatment and disposal facility should be built for mainly
inorganic wastes with most organic chemical wastes being incinerated in a nominated
cement plant furnace.
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ACRONYMS

BTEX: Benzene, Toluene, Methylbenzene, and Xylem
DRO: Diesel Range Organics

DU: Depleted Uranium

EPH: Extractable Petroleum Hydrocarbons

GCMs: Gas Chromatography Mass Spectrometer
GRO: Gasoline Range Organics

IR: Infra Red

ISO: International Standards

PCBs: Poly Chlorinated Biphenyls
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PID: Photo lonization Detector

SVOCs: Semi Volatile Organic Compounds
UXO: Unexploded Ordinance

VOC:s: Volatile Organic Compound

WMD: Weapon of Mass Destruction

XRD: X-Ray Diffraction

XRF: X-Ray Fluorescence spectroscopy
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Appendix 1

Table 1a Summary of Laboratory analyses for soils

Metals ( all results in mg/kg) No. of No. All concentration mg/kg
samples | detected ["Minimum Maximum
analyzed | above | getected detected

MDL concentrations | concentrations

Arsenic 50 50 4 19

Beryllium 50 0 < <

Cadmium 50 3 3 11

Chromium 50 50 49 138

Copper 50 50 13 1738

Mercury 50 0 < <

Nickel 50 50 65 209

Lead 50 50 6 1291

Antimony 50 50 3 55

Selenium 50 0 < <

Silver 50 0 < <

Thallium 50 0 < <

Zinc 50 50 41 1381

Hydrocarbons and VOCS (ug/kg unless stated)

EPH (DRO)(C10-C40)(mg/kg) 49 42 7 118679

GRO (C4-C10) 13 1 < 44

GRO ( C10-C12) 13 0 < <

Benzene 13 0 < <

Toluene 13 2 4 44

Ethyl benzene 13 1 < 2

M & P xylene 13 1 < 10

O xylene 13 1 < 3

MTBE 13 0 < <

PCBs (all results in pg/kg)

Total of 7 congener PCBs 29 | 8 1 23

SVOCs (all results in pg/kg)

Anthracene 18 2 121 352

Benzo(a)anthracene 18 1 < 326

Benzo(a)pyrene 18 0 < <

Benzo(ghi)perlyene 18 0 < <

Benzo(k)fluranthene 18 0 < <

Chrysene 18 1 < 1841

Fluranthene 18 2 185 233

Indeno(1/2/3-cd)pyrene 18 0 < <

Naphthalene 18 2 215 1400

Phenathrene 18 4 271 2096

Pyrene 18 3 145 890

2-methylnaphthalene 18 1 < 2025

Bis(2-ethylhexyl)phthalate 18 6 919 13118
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DNn-butyl phthalate | 18 | 2 3192 | 7209
SVOC TICs ( all results in mg/kg)
C14-c24 Hydrocarbons 5 3 13.2 93.3
C12-C30 Hydrocarbons 5 1 < 60778.4
C14-C30 Hydrocarbons 5 1 < 6341.5
Other parameters (mg/kg unless stated)
Calcium 14 14 37530 66630
Magnesium 14 14 9330 16300
Potassium 14 14 1579 10619
Sodium 14 14 3614 22317
Bicarbonate alkalinity as CaCO3 14 14 89 874
Sulphate SO4 (mg/l) 14 14 3126 115500
Acid soluble sulphide 5 0 < <
Chloride 13 13 2100 43908
Acid soluble carbonate (%) 14 14 18.47 35.23
pH 17 17 7.21 8.38
Total sulphur (%) 5 5 0.12 1.38
Asbestos 17 0 < <
Table 2a Screening process for soils
Metals ( all results in mg/kg) Dutch No. of
criteria | samples  “Aystralian | No. of
forsoils | exceeding | criteria for | samples
Dutch soils exceeding
criteria Australian
criteria
Arsenic 55 0 100 0
Beryllium 30 0 20 0
Cadmium 12 0 20 0
Chromium 380 0 Nc 0
Copper 190 2 1000 1
Mercury 10 0 15 0
Nickel 210 0 600 0
Lead 530 3 300 2
Antimony 15 2 Nc 0
Selenium 100 0 Nc 0
Silver 15 0 Nc 0
Thallium 15 0 Nc 0
Zinc 720 3 7000 0
Hydrocarbons and VOCS (pg/kg unless stated)
EPH (DRO)(C10-C40)(mg/kg) 5000 5 5600 5
GRO (C4-C10) nc 0 nc 0
GRO ( C10-C12) nc 0 nc 0
Benzene 1 0 nc 0
Toluene 130 0 nc 0
Ethyl benzene 50 0 nc 0
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M & P xylene 25 0 nc 0
O xylene nc 0 nc 0
MTBE nc 0 nc 0
PCBs (mg/kg)

Total of 7 congener PCBs | 1 | 8 | 10 | 3
SVOC:s (all results in pg/kg)

PAH sum of 10 40 0 nc 0
Chlorophenols 10 0 nc 0
Chlorobenzenes 30 0 nc 0
Phthalates 60 0 nc 0
SVOC TICs ( all results in mg/kg)

C14-c24 Hydrocarbons Nc 0 nc 0
C12-C30 Hydrocarbons Nc 0 nc 0
C14-C30 Hydrocarbons nc 0 nc 0
Other parameters (mg/kg unless stated)

Sulphate SO, (mg/l) nc 0 2000 14
Acid soluble sulphide nc 0 nc 0
Asbestos nc 0 nc 0

Table 3a Summary of laboratory analyses for waters

Metals ( all results in pg/l) No. of No.

samples | detected [Minimum Maximum

analyzed | above detected detected

MDL concentrations | concentrations

Arsenic 3 3 20 83
Beryllium 3 0 < <
Cadmium 3 1 < 6.3
Chromium 3 3 3 11
Copper 3 3 4 27
Mercury 3 0 < <
Nickel 3 3 17 62
Lead 3 2 3 38
Antimony 3 2 13 13
Selenium 3 3 38 203
Silver 3 0 < <
Thallium 3 1 < 2
Zinc 3 3 21 7258
Hydrocarbons and VOCs (ug/l unless stated)
EPH (DRO)(C10-C40)(mg/kg) 3 2 898 1950
GRO (C4-C10) 2 0 < <
GRO ( C10-C12) 2 0 < <
Benzene 2 0 < <
Toluene 2 0 < <
Ethyl benzene 2 0 < <
M & P xylene 2 0 < <
O xylene 2 0 < <
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MTBE | 2 [ o < | <
SVOCs (all results in pg/l)

Anthracene 3 0 < <
Benzo(a)anthracene 3 0 < <
Benzo(a)pyrene 3 0 < <
Benzo(ghi)perlyene 3 0 < <
Benzo(k)fluranthene 3 0 < <
Chrysene 3 0 < <
Fluranthene 3 0 < <
Indeno(1/2/3-cd)pyrene 3 0 < <
Naphthalene 3 0 < <
Phenathrene 3 0 < <
Other parameters (mg/l unless stated)

Calcium 3 3 852 1868
Magnesium 3 3 1051 5869
Potassium 3 3 93 690
Sodium 3 3 12188 18375
Carbonate alkalinity as CaCO3 3 0 < <
Bicarbonate alkalinity as CaCOs3 3 3 160 370
Sulphate SO, (mg/l) 3 3 4307 15019
Chloride 3 3 6489 >40000
pH 3 3 7.73 8.14

Table 4a Screening Process for waters

Metals ( all results in pg/1) Dutch No. of
criteria | samples  "Aystralian | No. of
for exceeding | criteria for | samples
ground | Dutch ground exceeding
water criteria waters Australian
criteria
Arsenic 60 1 7 3
Beryllium 15 0 nc 0
Cadmium 6 1 2 1
Chromium 30 0 nc 0
Copper 75 0 2000 0
Mercury 0.3 0 1 0
Nickel 75 0 20 1
Lead 75 0 10 1
Antimony 20 0 3 2
Selenium 160 1 10 3
Silver 40 0 100 0
Thallium 7 0 nc 0
Zinc 800 1 3000 1
Hydrocarbons and VOCS (ug/l unless stated)
EPH (DRO)(C10-C40)(mg/kQg) 600 2 nc 0
GRO (C4-C10) nc 0 nc 0
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GRO (C10-C12) nc 0 nc 0
Benzene 30 0 1 0
Toluene 1000 0 800 0
Ethyl benzene 150 0 300 0
M & P xylene 70 0 600 0
O xylene nc 0 nc 0
MTBE nc 0 nc 0
SVOC:s (all results in pg/l)

Anthracene 5 0 nc 0
Benzo(a)anthracene 0.5 0 nc 0
Benzo(a)pyrene 0.05 0 nc 0
Benzo(ghi)perlyene 0.05 0 nc 0
Benzo(k)fluranthene 0.05 0 nc 0
Chrysene 0.2 0 nc 0
Fluoranthene 1 0 nc 0
Indeno(1/2/3-cd)pyrene 0.05 0 nc 0
Naphthalene 70 0 nc 0
Phenathrene 5 0 nc 0
Other parameters (mg/l unless stated)

Chloride | nc | 0 [ 250000 | 0

nc:Not detected.
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PERFORMANCE EVALUATION OF THERMAL STORAGE
POROUS WALL WITH VENTS USING PASSIVE SOLAR ENERGY

Saad M. Saleh Hussein K. Saleem
Mechanical Eng. Dept. Mechanical Eng. Dept.
University of Baghdad University of Baghdad

ABSTRACT

The performance of thermal storage porous wall with vents (gravel material) is analyzed for
passive solar heating system under Baghdad climatic conditions by comparing it with conventional
wall (Concrete wall) for a variety of control strategies. The variation has been calculated during a
period of heating season for three months from December (1999) to February (2000) by using
computer simulation with MATLAB language (Ver.6.5). A mathematical model containing the
governing differential equations of heat transfer through the wall and glazing under unsteady heat flow
was performed by using “control volume” technique to obtain the temperature distribution within the
wall. The study was carried out for a south facing vertical wall and the effect of different thicknesses,
porosities, effect of insulation and glazing layers and effect of vents was also investigated.

dadal)
Ay Aalial) iy Jal) i A i) AHUAD Lol A5 (el 530) A 55 55 ool (551l (A Sl elal ol o
Ol s g L8 )l Gl 23 Lgale Dbl Slad) ) e 20al Gy S5 SN e g gan (g8 lasg 4% jliay dlasy
63(65m \) MATLAB‘\AE&M}‘—’}UM‘HM h(\‘~~~)jﬂ\_ﬁia_|\.c LA\(H‘H) d}‘}[\ u}.\KSUAJ}g_ﬁM_\MJ
cﬂh} ‘JA‘)M &= 3 jia BJ\);J\ ULJ)'“’ ui J\_ﬁs‘—\_a C\A)]\ 9 )\JAJ\ B EN 3)\)&1\ Ay Al Um\ﬁﬂ\ Y alall O sSa

.A';T}‘_f))ac J\A;L;ch\‘)ﬂ\&_\m’)\daj\d)ac‘)\)ﬂ\Q\AJJ&J}.\&Qd}n@;ﬂ”M\M\"@ﬂ@deb
Dhaadl IS D el asa s iy M Jole s il ) ddlia) Aabin daliall a g Slland Sl iy

KEYWORD
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INTRODUCTION

Passive solar heating systems , collect and utilize solar energy by natural means and
generally exclude the use of mechanical power or electric controls to regulate the flow of heat.
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The thermal energy is transferred in and out of the structure, in and out of the storage medium and
around it, and through the conditioned space by natural means.

A passive solar heating system has four features that distinguishes it from a conventionally
heated one, since the sun is a primary source of heat ,a passive solar design includes (Ralph 1980) :

e A method to collect solar energy.

e A way to store that energy.

e A system to release energy in the form of heat to the living space "room".
e A means for controlling the heat that reaches the living spaces.

(Nayak 1983) developed a mathematical model to analyze the thermal performance of some typical
passive heating concepts, mainly the Trombe wall. The model yields analytical expression for the time
dependent heat flux entering the living space. (Aung 1972) investigate the effect of asymmetric heating
on the free convection heat transfer in parallel plates vertical channel. The average Nusselt number was
found to be related to the Rayleigh number very nearly by a universal curve for all temperature
difference ratios. The theoretical results were verified by experimental measurement.

(Ohanessian 1978) perform a comparative analysis between Trombe wall and conventional heated
house over atypical 28 day Melbourne winter period. Saving of 40 percent interims of energy of energy
costs was obtained. (Casperson 1979) provided experimental information regarding the heat transfer
characteristic of the collector wall system. The data collected provided some usful information and
interested trends.

THERMAL STORAGE BY POROUS WALL

The type of thermal storage wall can be divided into three kinds:
1. Masonry wall.

2. Water wall.

3. Porous wall.

To formulate the mathematical model of this problem, one dimensional heat flow has been
considered, and homogeneous layer with constant properties has been assumed (Al Mashat S M 1999).

3731



Number 2 Volume 15 June 2009 Journal of Engineering

Og
<+ e >
| Air gap Living
T
\ ! v space
To
q ref. T,
q conv. a g conv.
q conv.
_> X

Fig. 1. Schematic of Wall Energy Balance

The energy equation through the porous wall layers shown in Fig. (1) Can be written as
(Warren 1973)
= (K.5) = [8(o0) + (1 — 8)(00),] 5 (1)

dx
Where K_ is the thermal conductivity of thermal storage porous wall.

The differential equations can be changed to discretization equations by using a numerical method
called “Control Volume Technique”. Details of this method explained by reference (Patanker 1980).
This by integrating equation (1) over a control volume as shown in Fig. (2)and over a time interval
from t to t+At, yield to discritization equation.

«— [(8x) > 6x)
W W P e E
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- . O : O
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Fig. 2. Grid point cluster for one dimensional problem

3732



S.M. Saleh Performance Evaluation Of Thermal Storage

H.K. Saleem Porous Wall With Vents Using Passive Solar Energy

Equation (1) can transfer to the following discretization equation by which the temperature of point P
the center of the control volume as in Fig. (2) at time t+At can be calculate in term of temperature at
time t in the adjacent points.

aTh=2aT.:+a,Tw+ (ap —-a, - aW)T; )

Where

< EOBC T (50) ~[hoc) + a-)pc)]

a = L a, = —Ke
* (5x), ’ " (8x),

For the outside surface of the porous wall as shown in Fig. (1), the discretization equation of energy
balance:

aT =[a,—-a,—az —a,]T; +a,T, + agT, +a,T, +b ©)
Where
N O VR a=h, . a=ke

At AX

. o(T, +T; )(T; +T;)
R — y +y _1 ’
g, €,

For the inside surface of the wall shown in Fig. (1), the discretization equation of energy
balance can be written as:

a T i =[ay —ay, —a, —ag T +ay_ T, +a, T +agT; (4)
Where
C)A K
e
a=h , ag=os, (T + T )T +T)

The discretization equation for the glass layer can be written as follows:

1 o o o o
ang = [ag —a, —ag, —a,— aRW]Tg +a T + aR(,'I'5ky +a,T,+b (5)

Where
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The average air temperature in the gap T, can be computed from the energy balance on air in
the gap (Akbarzadeh 1982):

b=[a, +7,(1—a,)]l

2T, -T,-T mC 2h A
T =T in g _ a a_p -1(-1
a in +[—2 Jx|: hA, (exlo—{ mC, } J :| (6)
And the exit air temperature from the air gap can be computed from the following equation :
T T 2T, —T, =T, ZhaAp ! @
=T +| —— |x|ex -
out n 2 p_ mCa

It is necessary to estimate the air mass flow rate(m). The mass flow rate can be
calculated by the following equation:

m=p,VA, 8

The mean air velocity in the gap (V) has been estimated (Duffie 1980) by a solution of
Bernoulli's equation. This based on the assumption that density and air temperature in the gap vary
linearly with height of the wall (ﬁ) . So the average velocity through the gap can be determined from
the following equation (Akbarzadeh 1982):

2gH T,-T
g m r (9)

2 X
Cl|—1| +C,
A

\Y%

V=

Where Ty, is the mean air temperature in the gap=T,

The wall layers are divided to strips, each strip equal to 1 cm (Ax=0.01m). The time step is equal to
100 s to satisfy the criteria of stability (Patanker 1980). The discretization equations (2-5) are solved
for each time step. Hour by hour calculation for a period of heating for three months (Dec.1999 to
Feb2000) under Baghdad climatic conditions.

The heat transfer to the room for vented thermal storage porous wall is calculated from the
following equation:
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Q=0Q¢+Qr+Qcx (10)
Where Qc and Qg are heat flux due to convection and radiation respectively:
Q.=h/(T,-T) (11)
Qr =oe,(TN-T/) (12)

The rate of heat flux that enters the room due to air circulation (Qcr)
can be computed as:

mC,
=,

p

Qcr o= Tin) (13)

The rate of heat per unit area stored in the wall (Qsgr) can be calculated from:

0(1_ g)

T4 T4
Qsr =Tg|_ 1 _ha(Tl_Ta)_Q
/ +% -1
g, g,

(14)

RESULTS AND DISCUSSION

The results of the mathematical model that is derived in the previous section will be presented
and discussed. The hourly variation for solar intensity on the south facing vertical wall and ambient
temperature data are taking from the solar energy research center, Jaderia-Baghdad.the porous wall
having dimension equal to 2.8m height and 2.5m width, 0.04 vent area to the wall area ratio. The air
gap width equal to 0.1 m. the solar intensity for clear and cloudy day on the wall is shown in Fig. (3).
The 9t and 26" February was chosen to represent the cloud and clear days respectively in this study.

Fig. (4) and (5) show the hourly variation of the rate of heat flux transferred to the living space “room”
during a selected clear and cloudy day. The living space assumed to be at a constant temperature equal
to 20 °C. The hourly variation of the rate heat flux studied for the following cases:

1. Vented porous wall without night insulation (VPORWN).

2. Unvented porous wall without night insulation (NVPORWN).

3. Vented Concrete wall without night insulation (VCONWN).

4. Unvented Concrete wall without night insulation (NVCONWN).

For clear day Fig. (4), for Concrete wall, there is a positive heat flux to the room during the day.
But for unvented wall the heat flux due to heat conduction through the wall starts to increase at (9
A.M.) till it reach the maximum value at (5 P.M.) which have the value equal to 192 W/m2. While for a
vented wall system, the heat flux is due to conduction through the wall in addition to thermo-
circulation, so it start rising from (8 A.M.) till (3 P.M.) where its maximum value is about 225 W/mz2,
So in the case of vented system there is about 23% increase in heat gain through the heat period over
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that of unvented system. It is therefore evident that wall with natural air circulation construction is only
useful when immediate heat transfer, i.e. without delay required.

For wall that is constructed from porous material (gravel), its behavior is the same as that of
Concrete wall .but its values of heat flux are relatively small than the Concrete wall. For unvented wall
the heat starts to increase in (9 A.M.) and reach its maximum value at (5 P.M.) and its value equal to
177 W/m2. And for vented wall start to increase at (8 A.M.) and reach the maximum value at (3 P.M.)
which equal to 210 W/m?2. So there is an increase for vented system to unvented one by a 20%. And the
Concrete wall is 7% higher than porous wall in transferring heat flux, this is because the porous wall
having specific heat value greater than that for Concrete wall, so the porous wall having the ability to
store the heat instead of transfer the heat to the living space.

For cloudy day, Fig. (5) illustrates the hourly variation of heat flux coming into the room. For all
compared systems, there is a negative heat flux transfer to the room during most of the day hours. This
is means that there is a heat loss from the room to the ambient. So it causes more auxiliary heat
required during cloudy whether to compensate the energy loss. There is a positive value of heat flux
coming to the room at the beginning of the day, i.e. in the morning hours, from (0 A.M.) to (7 A.M.)
hour for unvented systems (Concrete and porous wall), this is because the heat store in the wall from
the last day discharged to the room in the beginning of the present day. And to (10 A.M.) for vented
systems, this is due to additional heat from the thermo-circulation which delays the negative value of
heat flux. The Concrete wall appears a relatively increase in heat flux coming to the room than that of
porous wall.

The rate of heat storage in the wall is equal the difference between heat received by the wall
from the sun and heat transfer out of the wall from both side by convection, radiation and by thermo-
circulation for vented wall system. The storage heat depends mainly on the material and thickness of
the wall. So three different thicknesses for porous wall of 0.1m, 0.15m and 0.2m are compared with
0.2m thickness of Concrete wall,

Figs. (6) to (7) illustrate the variation of heat stored in the walls for different thicknesses for
vented and for clear and cloudy day. Fig.(6) shows the hourly variation of heat stored through different
wall systems, for clear day with walls having vents, Fig. (6) shows that Concrete with thickness 0.2m
having approximately the same behavior and the values of heat stored in porous wall with thickness
0.1m. For other porous wall thicknesses, the heat stored in 0.15m is a 3-9% greater than porous wall
with thickness 0.1m and Concrete wall with thickness 0.2m. The wall which having a thickness of 0.2m
is 8-15% greater than that of porous wall with 0.1m thickness and Concrete wall with thickness 0.2m.
This is because the specific heat for gravel is greater than that for Concrete. The behavior of storage
heat is the same for all systems. The wall starts to be charged with heat. 1.e. becomes positive at about
(7 A.M.) for all system except that for 0.2m porous wall which starts to charges at (6 A.M.). The
system still charged until reach the maximum value at (2 P.M.) which equal to 470 W/m?2 for porous
wall with thickness 0.2m. and then begin to discharge heat to the ambient through the sunset until reach
the minus value.
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CONCLUSIONS

1. The heat flux that enters the room for concrete wall is greater than that in the case of using a porous

wall.

2. The heat stored in the case of porous wall is greater than that of concrete wall.
3. The heat stored in the wall increases with increasing thickness of the porous wall.
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NUMENCLATURES:

A Area (m?)

Ap Projected area (m?)

Ay Vent area (m?)

C Specific heat (J/kg.K)
Acceleration of gravity (m/s?)

H Wall height (m)
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H=H_ Distance between vents (m)
h Heat transfer coefficient (W/mz2.K)
I Solar intensity (W/m?)
K Thermal conductivity (W/m.K)
Wall thickness ( Air mass flow rate in the gap (kg/s)
Qc Rate of heat flux due to convection (W/m?)
Qcr Rate of heat flux due to thermo circulation (W/m?)
Qr Rate of heat flux due to radiation (W/m?)
Qsr Rate of heat stored in the wall (W/m?)
q Rate of heat flux (W/m2)
T Temperature (K)
T Temperature at time t (K)
T Temperature at time t+At (K)
Tm Mean air temperature in the gap (K)
Y Mean air velocity in the gap (m/s)
w Width of the wall (m)
X,y Coordinates
GREEK SYMBOLS
(v} Absorbtivity
p Density (kg/m3)
¢ Porosity
€ Emmisivity
c Stefan-Boltzman constant (W/m2.K*)
T Transmissivity
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SUBSCRIPTS

A Air

Cond Conduction
Conv Convection

f Fluid

g Glass

i Inside

in Inlet

N Inside wall face
0 Outside

out Outlet

P Center point

r Room

rad Radiation

S Solid

\% vent

w Wall

1 outside wall face
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Fig. 3. Solar intensity on wall for clear and cloudy day.
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Fig. 4. Heat flux for Concrete and porous wall without night insulation (clear day).
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Fig. 5. Heat flux for Concrete and porous wall without night insulation (cloud day).
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Fig. 6. Comparison between Concrete wall and different thicknesses porous wall heat stored
with vents (clear day).
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Fig. 7. Comparison between Concrete wall and different thicknesses porous wall heat stored
with vents (cloud day).
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GENERATION AND SIMULATION OF MESHING FOR
INVOLUTE HELICAL GEARS

Mohammad Qasim Abdullah Mansour Ali Ismael
University of Baghdad/college of Engineering University of Baghdad/college of Engineering
Mechanical Engineering Department. Mechanical Engineering Department.
ABSTRACT

A new method for generation and simulation of meshing for involute helical gears is presented. The
approaches proposed for generation are based on the imaginary application of two rack-cutters one
for pinion and the other for gear generation. The proposed simulation of meshing of aligned and
misaligned helical gears gives (i) the shift of the bearing contact (real contact path) on pinion and

gear tooth surfaces, (ii) the function of transmission errors.
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KEYWORDS
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INTRODUCTION

A review of the history of the development of involute gears shows that the involute was introduced
as a profile for gear tooth on account of the simplicity in deign and manufacture of gears having
these profiles, also the involute teeth not sensitive to slight errors in profile and center distance
(Avinash et. al., 2003). (Kubo, 1988) presented a general calculation method of load sharing to
every tooth pair in meshing, load distribution, and contact pattern on tooth flank of helical gears
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with manufacturing and alignment error, for which some parts of tooth flanks on the geometrical
line of contact can separate from each other due to the errors. For such gears, stiffness of meshing
tooth pair, exciting force of gear vibration, and total composite error under loaded conditions was
derived. (Litvin et. al, 1995) described the design and generation of modified involute helical gears
that have a localized and stable bearing contact, and reduced noise and vibration characteristics.
(Litvin and Fan, 2001) covered the data on involute helical gears manufactured by shaving.
Modification of geometry of helical gear with parallel axis was proposed. The finishing process of
gear generation is shaving. (Litvin and Ignacio, 2003) covered design, generation, simulation of
meshing and stress analysis of modified involute helical gears. The approach developed for
modification of the conventional involute helical gears was based on conjugation of double-
crowned pinion with a conventional helical involute gear. The bearing contact was localized and
oriented longitudinally, and edge contact was avoided. Also, the influence of misalignment on the
shift of bearing contact, noise and vibration were reduced.

In order to drive in a given direction and to transmit power or motion smoothly and with a
minimum loss of energy, the contacting surfaces on the mating gears must have the following
properties (Dudley, 1962):-

1. The height and the lengthwise shape of the active profiles of the teeth must be such that,
before one pair of teeth goes out of contact during meshing, a second pair will have picked
up its share of load.

2. The shape of the contacting surfaces of the teeth (active profile) must be such that the
angular velocity of the driving member of the pair is smoothly imparted to the driven
member in the proper ratio.

3. The spacing between the successive teeth must be such that a second pair of tooth-
contacting surfaces (active profiles) is in the proper positions to receive the load before the

first leave mesh.

BASIC PRINCIPLES OF GENERATION
The process for gear generation is based on the followings (Litvin et. al, 1997):-

1. The generation of tooth surfaces is based on the imaginary derivation of conjugate
surfaces by application of two rack-cutters. The surfaces of the two rack-cutters are
rigidly connected each to other in the process of the imaginary generation, and they are
in tangency along one straight line as shown in Fig. (1). This line and axes of the gears

form a helix angle ().
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2. In the process for the generation, the two rigidly connected rack cutters perform
translational motion, while the pinion and gear perform rotational motions about their
axes, O; and O,.

3. Surfaces of gear and pinion (X, and X,) determined as the envelope to the family of rack
cutter surfaces.

4. When the generated surfaces X; and X, are in mesh, their will be one contact point at
every instant. The path of contact on surfaces X (i =1, 2) is the set of points of Xi where
¥, and X, contact each other. Such a path of contact is a helix, and the contact point

moves in the process of meshing along the helix on X;.

Parallel to gear axes

Xf

Fig. (1):- Rack cutter surfaces for involute helical gears.

DERIVATION OF PINION TOOTH SURFACE:-
The normal section of pinion rack cutter is shown in Fig. (2) The profile of the basic tooth of the

rack cutter in the normal section is symmetric about Xcp.

Fig.(2):- Normal section of pinion rack cutter.
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The normal section of the pinion rack cutter is represented in the coordinate system S¢, by the

equations (Litvin et. al, 1997):-

Xep —u,cosa, —au’sina,
. 2
Yo | |U.Sine, —aulcose, —a,
I’-cp (uc) = = =M cpbrb (uc) 1)
Zo 0
1 1

7
wherer, (u.) =[-u, —-au’ 0 11" a,= E ,(a,) is the parabolic coefficient
n

and

[ cosa, sina, O

—sin, cosea, 0 -—a
1

M_, = "
0 0 0 1 |
The rack cutter tooth in the three dimensional system can be defined by S coordinate system as
x| [ —u,cosa, —aulsing, |
Y. (u,sine,—a.u’ cosa, —a, )cos B -1, sin B
rUe)=|_"|= : ) . )
Z, (-u.sina, +a.u; cose, +a,,)sin g+, cos S
(1] L 1 ]
where
1 0 0 0 |

0 cosp —sing —gsing
“® 10 -sinp cosp i.cosp
0 0 0 1

The unit normal to the pinion rack cutter surface is represented as:

N or, or,
nC == ¢ , NC = c X ¢ (3)
IN,| o1, ou,
Thus,
N . —sine, +2a.u_ Cose,
ne(U,) =|ny :W —(cose, +2a.u_sina,)cos S @)
N, T U —(cosa, +2a.u_sine,)sin B
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To derive the equation of meshing between pinion rack cutter and pinion tooth surfaces, it is
considered that the movable coordinate systems S; and S; are rigidly connected to the tool (pinion
rack cutter) and the pinion, respectively. The fixed coordinate system S, is rigidly connected to the
frame of the cutting machine. The derivation of equation of meshing is based on the theorem that
the common normal to X and X; must pass through the instantaneous axis of rotation (Litvin,
1989). Thus

= = (5)

where X.=0 and Y. =-R,p,
Using Eq. (5) the equation of meshing can be represented as:
f(ue.z.,,) =0 (6)
where /, is the angle of rotation of the pinion in the process for generation.
After transformation, the following equation of meshing can be obtained

u,(1+2au?)cos
sinf —2a.u,cosa,

f(u.,2.,v) =Ry, —1.sinB—a, cos B+ 0 (7)

Finally, the generated surface of the pinion X; is represented by the family of lines of contact
between the rack cutter surface X and the pinion tooth surface X; being generated. Surface Z; is

represented in coordinate system S; by the equations:

r1(uc’|c’§”1):I\/Ilnlvlncrc(l'jc’lc)v f(uc’lc’l//l)zo (8)
where
1 0 0 R, | [ cosy, siny, 0 O]
01 0R —sin coS 00
M, = 1 and M, = v, 4
0 01 0 0 0 10
0 0 0 1 | 0 0 0 1]
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Thus
[ (-u, cosa,au’sina,)cosy, +{(u, sina, —a ucosa, —a_)cosf |
=l sin B}siny, +(cosy, +y; siny;)R

(u,cosa, +a.uZsine,)siny, +{(u, sina, —a.u’ cosa, —a,,)cos
r,=|—I.sin g}cosy, +(=siny, +y, cosy, )R, )

(-u,sine, +au’cosa, +a,)sin B+ cosf

DERIVATION OF GEAR TOOTH SURFACE:
The normal section of gear rack-cutter is shown in Fig. (3). The profile of the basic tooth of the

rack-cutter in the normal section is symmetric about Xt.

Fig. (3):- Normal sections of gear rack cutter.

By using coordinate system S, the normal section of gear rack-cutter can be represented by the

following equations (Litvin et. al, 1997):-

ry =My (Uy)
X, | | u;cosa, |
Yer a, — Uy sin a,
or ry (Ug) = | 0 (10)
Ci

Hence, rb(uf)zl—uf 00 lJT, U;is the variable parameter and M is the matrix of

coordinate transformation from Sy to S¢r that is
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[—cosa, sina, 0 O]
sine, cosa, 0 O
M =
0 0 1 a,
0 0 0 1]

The derivation of gear rack-cutter tooth surface in the three dimensional system may be accomplish
similarly to that for pinion rack-cutter, and the following vector equations in S; coordinate system

can be obtained:

riUe, 1) =M1y (U;)

1 0 0 0
Where M. - 0 cosp sing I,sing
fef H
© 10 —sinpg cosp I cosp
0 0 0 1]
Thus,
x| [ U, Cosa, ]
Y (a, —u, sina,)cos f+1, sin g
re(ue,ly)= = . . (11)
Z (u; sina, —a,)sin g +1, cos g
1 1

The unit normal to the gear rack-cutter surface ¢ is:

N sine,,
n.(u;)=|n, |=| cosa, cos (12)
N, —cosa, sin f

The equation of meshing can be derived in similar manner to that of Eqgs. (5) and (7), thus

Xi=X¢ Yo=Yy 2y -1

N nyf N, (13)
Where Xf =0 and Y =Rp1y1
After transformations, the following equation of meshing between Xt and X, can be obtained
. u, cos f
f(ue by wo)=Rw, —lisinf—a,cos f+———= (14)

sing,
Finally ,the generated gear tooth surface X, is determined as the envelope to the family of rack-

cutter surfaces Xr and is represented in coordinate system S, as
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LU w,) =My M (U, 1)

‘cosy, -—siny, 0 O
M. = siny, cosy, O O
where am = 0 0 1 0
0 0 0 1
100 R,
0 1 0 —-R,,w
M — p27 2
and mf 00 1 0
000 1 ]
Thus

[ u, cosa, cosy, —{a, —Uu, sine,)cos B +1. sin f}siny, |
+(Cosy, +y,siny,)R,,

u, cose,siny, —{(a,, —u; sine,)cos g +1, sin f}cosy,

r,=|+(siny, -y, COS‘/’z)sz (15)

(u; sina, —a,)sin g +1, cos g

Fig. (4) shows a sample of three teeth generated by the equations mentioned above using Ansys

computer program.

Fig. (4):- Sample of three teeth generated.
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SIMULATION OF MESHING:

Computerized simulation of meshing is applied to discover the influence of misalignment on the
shift of the bearing contact and transmission errors. The misalignment of the gear drive is simulated
by the error of installation and orientation of the gear with respect to the pinion.

The theoretically correct tooth form is defined by the parameters tooth alignment, tooth profile,

tooth spacing and center distance.

SIMULATION OF MESHING FOR INVOLUTE HELICAL GEARS:-

Consider that surfaces X; and X, and their unit normals n; and n, are represented in coordinate

systems S; and S, which are connected to the pinion and gear, respectively. The meshing of the gear

tooth surfaces is considered in the fixed coordinate system S; that is rigidly connected to the frame.

The auxiliary coordinate systems Sq and Sy are used for simplification of coordinate transformation.
The simulation of meshing is based on the following procedure (Litvin and Ignacio, 2003) and

(Litvin et. al, 1997):-

Stepl: Using coordinate transformation, we represent Xq, X2, n; and n, in the fixed coordinate

system St as following Fig. (5).
rf(l) (uc’l//11¢1) = M flrl(uc’l//l) (16)

rf(Z)(uf"//2’¢2):prMquqzrz(uf"//z) (7
Where
[ cosg, sing
—sing, CoS¢,
0 0
0 0

O O O

[ cosg, sing,
—-sing, cosg,
0 0
0 0

1 0 0
0 cosAy sinAy
P10 —sinAy cosAy
0 0 0

M,, =

O r O O o »r O O
R, O O O

O O O
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-1 0 0 E'
0 -1 0 O
M, =
0O 0 1 O
0 0 0 1|

E'=R,+R,, +AE

ngl) (Ue,y1,4) =L (Ug,p:) (18)
n(z)(uf’W2’¢2) LigLpgla2na (Us,1,) (19)
cosg, sing, O]
L, =|—-Sing, cosg,
0 0 1
[ cosg, sing, O]
L, =|—sing, cosg, O
0 0 1
1 0 0
quz 0 cosAy sinAy
—sinAy cosAy
-1 0 0
Lmz -1 0
0f01/ o
RD;

E’

Fig. (5):- Applied coordinate system for simulation of meshing.
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Step2: By using Sy coordinate system, the condition of continuous tangency of gear tooth surfaces

can be represented by the following vector equations (see Fig. (6)):-
1 2
rf()(uc1W11¢1):rf()(uf’l//2’¢2) (20)

nf‘l) (U, 1, 4) = nE‘Z) Us vy, 6) (21)

Step3: Vector Eq. (21) yields only two independent equations since ‘nﬁl)‘ = ‘nﬁz)‘ =1.So, Egs. (20)

and (21) provide a system of five independent equations represented as

fiU., w1, 8,U,,,4,) =0 (22)

Eq. (22) contains six unknowns but the theorem of Implicit Function System EXistence yields that

one parameter, say @, may be chosen as input and obtain the solution to equation system (22) by

functions

{Uc(2), w1 (4),Us (4),w,(4), 0, (4,)} € c' (23)

The gear tooth surfaces are in point contact, and so that it is suppose that the Jacobian of the fifth
order differs from zero. Thus,

of, of, of of |

#0 (24)
ou, Oy, u; Oy, 04|
n(fl) _ n(f2)
T
r f(1) —r f(2)
Xt 7
Y, £
Os
i Zf

Fig. (6):- Tangency of contacting tooth surfaces in ideal gear.
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If EQs. (24) are satisfied then, using functions (23) we are able to determine:

(i) the path of contact on surfaces X; and X, represented as

ACHy ,ut(¢1) vi(d) (25)

where (i =1, 2 and t =c, f) for pinion and gear, respectively.

(if)  the transmission errors determined as

A¢2 (¢1) = ¢2 (¢1) - %@ (26)

CONCLUSIONS:
1. Generation procedure based on equations of tooth surfaces has been conducted.
2. Algorithms for simulation of meshing indicates that such gear drives are sensitive to
misalignment.
3. Simulation of meshing permits one to determine the shift of the bearing contact and

transmission errors.

NOMENCLATURES:
a, Parabolic coefficient of profile of pinion rack cutter.
ct Denote that the functions have continuous derivatives to the first order, at least.
E' Center distance between gear and pinion (m).
f Equation of meshing between tooth surface and rack-cutter surface.
lj v Parameters of surface (j = c, f) (m).
my Module in normal plane (m).
Ni Number of teeth on pinion (i=1) or for gear (i = 2).

n, nl, N; unit normal and normal to surface j (j = c, f).

Pn Normal diametral pitch (1/m).

ri Position vector of a point in coordinate system S; (mm).

Rpi Radius of pitch circle of pinion (i = 1) or for gear (i = 2) (m).
Si Coordinate system (i = ¢, b, ¢, n, 1, 2, ¢y, p, f).

(Xi, yi, i) Coordinates (i =cp, c, 1, 2, ct, f, p) (mm).
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o Normal pressure angle (deg).

B Helix angle (deg).

Ay Error of shaft angle (deg).

Ag, Function of transmission errors (deg).

€ Denotes that the element belongs to the set.

¥ Angle of rotation of pinion (i = 1) or the gear (i = 2) in the process of generation (deg).
% Surfaces (i=c, f, 1,2).

. Function of transmission errors (deg) (i = 1, 2).
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EXPERIMENTAL PERSPECTIVE ASSESSMENTS FOR A
PROPER REFRIGERANT ALTERNATIVE TO R-22IN A
WINDOW-TYPE AIR CONDITIONING UNIT

Ali Hussain Tarrad Ameera Yaseen Salim
Al-Mustansiriya University Al-Mustansiriya University
College of Engineering College of Engineering
Mech. Eng. Department Mech. Eng. Department
Baghdad-lraq Baghdad-lIraq
ABSTRACT

The present research is concerned with the future phase-out of halocarbon types of refrigerants
used in the vapor compression refrigeration systems. A window-type air conditioner is selected for
the tests to be conducted with two different refrigerants. It is well known that these cooling units are
wide spread in their applications and are circulating R-22 as a refrigerant. It is intended to replace
this type of refrigerant by another type which is considered to be as environmental friendly
refrigerant for smooth operation. The refrigerant selected for this object was R-407C for its
favorable thermal properties and acceptable pressure and temperature ranges. The effect of
replacing this refrigerant as a substitute on the performance of the cooling unit was studied. The
performance characteristics comprise of cooling capacity (OEM?_,), power consumed by the

compressor (W ,,.) and the coefficient of performance (COP) of the air conditioning unit were

obtained. The results showed that the pressure ratio of the R-407C for a proper operation was
higher than that of the R-22 by a mean value of (13) %. The power consumed per ton of
refrigeration by the unit when circulating R-407C was about (19) % greater than the R-22 values
for the whole range of tests. Further, the experimental work has revealed that the actual COP of the
unit was reduced by (17) % when circulating the alternative R-407C for the test conditions. The
results also showed that this alternative for the present refrigerant with existing cooling unit requires
the attention to the mass flow rate of refrigerant circulated and the pressure and temperature ranges
throughout the system.

KEY WORDS

Refrigeration, Alternatives, R-22, Window Type, Air Conditioning, R-407C

3756




A.H. Tarrad Experimental Perspective Assessments for a Proper
AY. Salim Refrigerant Alternative to R-22 in a Window-Type

Air Conditioning Unit

$198 L Ban g (B 22-¢) s Al Moy uilia el aila wlAASLY (o 2t anll a3 Agag
Sdd) g 53l (e
dadAll

G el L 5 8 Jany Al A s Sl i) ail e aladiny il Gyl ) el S

ol il g Alead) Cojlaill o) ja Y (SLED £ 5l (e ol sn CaiSa JUA) 5 281 AplalaaiYl il cila shaie B A slLed)
Al 2,0l lass S (Freon-22) s ddasl s Jasi s alasin¥h LY dal s Claa gl o2 o) Cagprall ey (ilin
DAY @y 28] Amnla 6 ) gy s sl Jorndi e AL Al Al e bl ) QB i il aladiuly 4l <l
Jaall LN 4l Aliaie 4y ) s Cliaal ga (e 4x aahy Lal a3 sl sl DA Calie S (Freon-407C) Sle
o) sell CanSi saa 5 elal e adlall 138 aladiul (e gl Ll Ay &5 darall g 5l sall da o Cus (e A gl il
LelLall 38 Ge ASlgid) Bl °(Q,,,0,) 20 Jes e SIS Gl i il 3as 51 21D A o nll g g5

(COP) ¢ Jalaa 5 (me)

8ia Jaal 5 (Freon-407C) i) adlal laeliall o) 5 adall Cuila oy Jasazall Zans o) 4l all o] il iy aal
¢ UK Al 8Dl (13 %) Janas s il LS (Freon-22) sl Al b 4dle Las e (S 50 1l caudlia g
Al Coladl) sae JSI5 (Freon-22) Al Wilie (e (19 %) Lltia el <ilS (Freon-407C) alasiuly ol
= (Freon-407C) s die (17 %) ey J8 CanSill 3as o) o1aY) Jala ()l iy 38 dlaal) il ()lé A ddlayly
Gl Janay alain¥) ety il il glate L Aaladiol die el Qi (b Adlal) Gl i g LSyl e slaia
skl e 5 pall dayny el Jaaall il

INTRODUCTION

For nearly sixty years, chlorofluorocarbons (CFCs), have been widely used as solvent, foam
blowing agents, aerosols and specially refrigerants due to their preeminent properties such as
stability, non-toxicity, non-flammability, good thermodynamic properties and so on. However, they
also have some disadvantages of harmful effect on the Earth's protective ozone layer known as
ozone depletion potential (ODP). Subsequently, it was discovered that (CFCs) also contributed
significantly to the global warming potential (GWP). The reputation, reliability and maintainability
of equipment normally improves with age, but this has not been true when it comes to refrigeration
field. The (1990) Clean Air Act amendments imposed new regulations with landmark dates that
industry was unable to meet. So stop gap solutions and lack of time to do research and development
have resulted in a lack of standards and poor information.

The direct replacement of R-12 with the pure refrigerant R-134a has been experienced much
earlier and an excellent knowledge has been performed in the retrofit for the old machines. The
phase out of R-22 as working medium in refrigerating equipments and heat pumps began in the late
of 1990s with terminating of their new installation and manufacturing throughout Europe. The new
working fluids for the alternative of R-22 are zoetrope refrigerants introducing further difficulties
for the prediction of the cooling unit characteristics behavior during smooth operation.

The most attractive thermal properties of refrigerant that have significant effect on the
performance of the vapor compression refrigeration system are the critical temperature and the
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molar heat capacity as pointed out by (McLinden, 1987) and (Domanski, 1999). (Meurer et al.,
1999) compared the performance of R-22 and R-410A for elevated condensing temperature up to
(60) °C. They have found that the variation of the (COP) of the system depends on the level of the
condensing operating temperature of the refrigerant circulated. (Lee et al., 2000) investigated the
performance of mixture refrigerants alternatives for the R-22. They compared the coefficient of
performance, COP, the volumetric capacity of refrigeration, VCR and capacity for the alternatives
R-407C and R-410A with those of R-22. Their results showed that R-410A exhibited very close
CORP to that of the R-22 within (3%) for the same pressure ratio. R-407C gave lower COP than that
of the R-22 by (9%). Motta and (Domanski, 2000) simulated a number of binary and ternary
mixtures as alternatives for the use of R-22 when working in elevated outdoor temperatures. Their
results showed that fluids with a low critical temperature experience a large degradation of cooling
capacity, while rate of compressor power increase is similar for all fluids. Johansson and
(Lundgqvist, 2003) presented a qualitative and quantitative literature survey for the alternatives for
R-12 and R-22 used in Sweden refrigeration industry.

Other trend of investigations was devoted to study the effect of replacing the alternatives on the
working components of the existing system. For this category, the reader is referred to the work
published by (Kuelh, 1987), (Kim, 1993), (Wolf et al., 1995), (Sami and coworkers, 1998 and
2000). (Sami et al., 2005) studied the use of R-407C, R-410A and R-410B in addition to the R-22
for a good range of pressure and mass flow rate for three different sizes of capillary tubes. Their
results showed that the pressure drop across the capillary tube is significantly influenced by the
diameter of the capillary tube and the entering refrigerant conditions. Further, the pressure drop
decreases with the increase of the capillary diameter and that alternatives in general experience
higher pressure drop than that of R-22.

EXPERIMENTAL APPARATUS:

The test apparatus selected for this project was a two refrigeration tons window-type air
conditioner cooling unit manufactured by (LG) commercial company. The overall physical external
dimensions of the cooling unit are (62 x 72 x 41) cm, (LG Company Manual, 1999). The overall
dimensions and characteristic specification of the evaporator and condenser are shown in Table 1.
The air conditioner is using a capillary tube as expansion component made of copper tubing having
four equally length paths of refrigerant with a geometrical dimensions of diameter of (3) mm and
length of (80) cm each. A typical tube circuiting for the refrigerant circulating path through the
evaporator and condenser for a window type air conditioner is shown in Fig. 1. The tube layout
arrangement for the test evaporator and condenser of the air conditioning unit is shown in Fig. 2.

The experimental rig is shown schematically in Fig. 3. Two (6) mm stainless steel sheath
thermocouples of (J) type are installed at the entering and leaving sides of the capillary tube. These
temperature sensors are used to measure the temperature at the exit and inlet lines of the evaporator
and condenser refrigerant paths respectively. The temperatures at the suction and discharge sides of
the compressor were measured by fixing a temperature sensor at the pipe surface delivering the
refrigerant. The pressure throughout the air conditioner was measured by the application of two
pressure gauges in the range of (-1 to 18) bar for the low side and (-1 to 38) bar for the high
pressure side. These gauges were installed at the inlet and exit sides of the all of the components of
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the cooling unit. The manufacturer equipped the air conditioner unit with a single reciprocating
compressor.

In the present work, the pressure drop of the refrigerant flowing through the evaporator and
condenser heat exchangers were also considered. The air side measurements were only conducted
for the dry and wet bulb temperatures at the inlet and exit sides of both heat exchangers. The air dry
bulb temperatures were measured by using a digital thermometer of the (K) type and the wet bulb
values measured using the wet cotton wick at the bulb of a mercury glass thermometer. The
thermocouples for the temperature measurements were calibrated against a mercury glass
thermometer and showed an accuracy of about (0.1%). Further, the refrigerant side pressure gauges
were also calibrated and exhibited an accuracy of about (0.2%).

TEST PROCEDURE:

On commencing of the tests, the air conditioner was allowed to operate for at least (10) minutes,
which is the time required to approach the steady state conditions. The steady state was considered
to be established when the temperature and pressure all around the cooling unit to be stable with
time. This was achieved by the reading indications of the temperature sensors and pressure gauges
for the refrigerant circulated. After that establishments, the temperature and pressure measurements
were recorded all around the selected ports in the cooling unit. The data was collected for different
operating conditions to assure the reproducibility of the measurements and to detect any variation in
the environment effects. These tests were carried out for different ambient conditions concerning
the air dry bulb and wet bulb temperatures. This was done to show the effect of ambient condition
variation on the performance of the air conditioning unit.

After, finishing the tests with R-22, the unit was discharged, cleaned, evacuated, and kept under
(2) bar vacuum followed by recharging with the suggested alternative R-407C. The proper amount
of refrigerant required for circulation was limited by the allowable pressure of the cooling unit.
Since, the alternative is assumed to work with the same heat exchangers and compressor, then the
allowed volumetric flow rate of refrigerant that passing through the unit will be limited by that of
the R-22 value. This refrigerant amount was limited by the suction pressure of the compressor
corresponds to a value close to (70) psig. The expansion component of the cooling unit comprises
of copper capillary tube was used with the same length and inner diameter.

DATA REDUCTION

The measured operating conditions were used for the prediction of the air conditioner
performance including the power consumed, refrigerating effect and condenser load calculated per
unit mass of refrigerant for both tested refrigerants. Further the measure for the performance
characteristics, the COP was predicted from the above parameters. The refrigerant thermal
properties for both fluids were obtained from the published tables presented by (ASHRAE
Handbook, 1997).

The refrigerating effect achieved by the cooling unit through the evaporator can be expressed as:
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é‘EL‘-‘E,‘H = IFI’1 - h’4 [:1:]

The amount of the R-22 refrigerant circulated through the air conditioner was obtained from the
known cooling capacity of the unit in the form:

- Q‘El:u“,._.
My = Gevap (2)
Where
Q.avrzp = Tﬁ'ﬂf?" (hﬁf - hrzo:] (3)

Equation (2) was also used to predict the R-407C refrigerant mass flow rate circulated through the
unit. The volumetric flow rate of air circulated through the cooling coil, evaporator is the same as
that of the R-22 circulating case.

It is worthwhile to mention here that the air conditioner capacity is not necessary to have the same
value as that of the manufacturer for R-22. However, the air mass flow rate passing through the
evaporator and condenser coils are still constants and having the same values as those provided for
the R-22 case. The manufacturer manual reveals that the maximum indoor and outdoor circulating
air rates are (12) m*min and (26) m*/min respectively.

The work rate done by the reciprocating compressor may be estimated per unit mass of refrigerant
from:
W, = (hz - h1j (4)

comp
The air conditioner condenser load is estimated by:
qcond = (hz - hE j [5:]

At the exit of the condenser, the liquid enthalpy was calculated from the knowledge of the
pressure and temperature as measured during the experiments. This liquid may be at sub-cooled
condition depending on the measured condition. The enthalpy of the refrigerant mixture leaving the
capillary tube was considered to be equal to that of the entering liquid to capillary tube. Here, the
process was assumed to be isenthalpic through the capillary tube as deduced from the first law of
thermodynamics.

Finally, the coefficient of performance of the cooling unit was obtained from:

cop = Zmap (6)

Weomp

For the purpose of comparison between the refrigerants performance used in the present work a
new parameter is suggested to be used having the expression:
|

WRR = Y eomelaserc (7)

=
¥ eoamp :IH _
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This parameter represents the ratio of the work rate between the alternative R-407C and the original
circulating refrigerant R-22. The parameters predicted from eq. (7) are to be based on the physical
values required per ton of refrigeration. Another parameter can be defined for the COP comparison,
that is the coefficient of performance ratio, COPR. This represents the ratio of COP of the R-407C
to that of the R-22 in the form:

COPR = S9FR-s00C (8)
COPR_gq

This expression may be estimated for both of the isentropic compression and actual cycles.
EXPERIMENTAL RESULTS AND DISCUSSION:

It is of the beneficial object to highlight some important aspects of the present work in this
category. The following points should be considered:

i- The same air conditioner was used which means that the heat exchangers and compressor
capacities are limited to those of the R-22 case. This will limit the heat transfer area, pressure
ratio and power consumed for the alternativOe to those available of the existing equipments.

Ii- The tube circuiting for the evaporator and condenser were unaltered. Therefore, the thermal
characteristic parameter, (UA), is limited to that of the R-22 refrigerant condition. In other
words, the R-22 characteristic value will be the controller of the operation for the alternative
performance.

The above will impose some restrictions for the allowable mass flow rate of the alternative
refrigerant R-407C circulating through the air conditioning unit and operating conditions. The
pressure ratio of the compressor and its volumetric displacement are the controller for the charging
amount of the refrigerant R-407C. Further, the physical geometry of the available heat exchangers
control the heat transfer rate through the air conditioner.

A typical measured results of the tests conducted during the circulation of R-22 and R-407C are
shown in Tables 2 and 3 respectively. The data presented in these tables show the temperature and
pressure measurements at the selected points through the cooling unit. The final results for the tests
when circulating the refrigerants R-22 and R-407C are shown in Tables 4 and 5 respectively for the
test conditions considered in the present study. In these tables the followings were considered to
exist:

a- The (IMPC) represents the cycle in which the suction and discharge pressures were
considered to be the mean value at the entering and leaving sides of the evaporator and
condenser respectively. The condenser load and the compression work rate were calculated
for the case of the isentropic compression for the refrigerant.

b- The (AMPC) represents the cycle at which the calculation of the performance was based on
the actual measured pressure for all of the selected ports throughout the cycle.
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The actual and isentropic (p-h) diagrams for the R-22 and R-407C circulating refrigerants are
shown in Fig. 4. Here, the dotted lines represents the isentropic mean pressure cycle (IMPC),
whereas the solid lines express the actual measured pressures cycle (AMPC). The actual measured
air side conditions for both of the evaporator and condenser of the cooling unit obtained during the
tests are shown schematically on the psychrometric chart in Fig. 5. All the performance assessment
of the present work was based on a (12) m®min of indoor air circulation, (LG Company Manual,
1999).

REFRIGERANT R-22 TESTS:

It is clear that the actual apparent compression of the compressor is lower than that of the
isentropic value due to the friction losses and heat losses during the operation of the compression
process. The final results for the actual measured data obtained for the cycle (abcd), Fig. 4.a, are
shown in Table 4.b. In this table, the power consumption, W ... , during the operation of the unit

was estimated from the measured values of the current and voltage of the power supply. During the
steady state conditions, the current was ranged between (11.2) and (11.4) amperes while the voltage
was almost constant at (220) volts.

W, =IXV X cosg 9

In which the power factor (cos @) was assumed to be (0.94) according to the manufacturer manual.

The isentropic compression through the compressor is higher than that of the actual compression
for all of the tests conducted in the present work. The ratio of the actual to that of the isentropic
compression, W.,._..., expressed mathematically as:

ir _ Wimeas
M?'Eﬁl} - W, (108.)
is ranged between (69) and (91) % for the whole range of the test conditions as shown in Table 4.b.
The efficiency of the actual compression is defined as:

I:'{',.'I".EIES (10b)

Weons

Mea =

This parameter shows the ability of the unit to make advantage of the power input to the
compressor. This parameter revealed that the actual useful work of the unit was ranged between
(41) and (52) %. These values were lower than those of the isentropic compression where (#.s) was
ranged between (53) and (65) %. Clearly, this was due to the irreversibility of the compression
process where it has a deviation from the ideal behavior.

The measured pressure ratios (pr) of R-22 tests were ranged between (3.73) and (3.84) as shown
in Table 2.a and the COP of the cooling unit was ranged between (3.8) and (4.3) when the
calculation based on the (IMPC) mode, Table 4.a. The corresponding actual values based on the
consumed power (AMPC) was ranged between (2.2) and (2.5), Table 4.b, as estimated from:

cop,, .= Zeaz (10.c)

cons T
I;'.l:'l.'l:lﬂs
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It is obvious that the (IMPC) has higher coefficient of performance than that of the (AMPC) for
the whole range of the test conditions to be within the range of (36-47) %. This reveals that the
actual compression operating process follows a path different from that of the constant entropy
process on the (p-h) diagram. Further, the useful work for compression in the latter mode of
calculation was lower than that of the former mode which represents the expected behavior for the
irreversible process mode through the compressor.

The measured parameters for the air side of test number (1) are shown schematically on the
psychrometric chart in Fig. 5.a. Here, the process throughout the evaporator exhibited almost a
straight horizontal line revealing a major part of the cooling load to be a sensible heat only, process
line no. (2). As the usual operation process through the condenser in which it exhibits a sensible
load only, line no. (2) represents the air side process on the psychrometric of test no. (1).

Fig. 6 shows the (IMPC) and (AMPC) performance variables variation with the cooling unit
capacity. These variables include, the power consumption per ton of refrigeration, COP, condenser
load, power consumed and the calculated work rate of the compressor. The last column of Table 4
represents the estimated condenser air flow rate for both of the modes of calculations. It is obvious
that the actual required air flow rate for (AMPC), Table 4.b, was higher than that of the ideal
(IMPC) cycle, Table 4.a, by a range of (10-15) %. This was due to the increasing load required for
the condenser as a result of the higher power required to run the compression unit.

Refrigerant R-407C Tests:

All of the above parameters were calculated for the alternative refrigerant R-407C applying the
same relations and modes of the considered category of the estimation procedure. The (p-h)
diagram of both of the (IMPC) and the (AMPC) results are shown in Fig. 4.b for test number (1)
presented in Table 3.a for the refrigerant side of the cycle. The air side processes are presented
schematically on the psychrometric chart in Fig. 5.b for both of the evaporator and condenser heat
exchanger sides of test no. (1).

For all of the tested pressure ratio conducted using this refrigerant, the isentropic useful work was
higher than that of the actual compression due to the irreversibility of the compression process. The
(yca) values were ranged between (44) % and (55) %, Table 5.a, whereas, the corresponding values
of the (x.) were within the range of (47 - 56) %, Table 5.b. The isentropic coefficient of the
performance exhibited a range of (3.8 — 3.9) with a mean value of (3.86). The corresponding values
for the actual cycle (AMPC) were in the range of (1.60) to (2.16) having a mean value of (1.79)
which lower than that of the (IMPC) by (53) %. The trend of the data showed almost constant
power consumption for the tested cooling load capacity in this work, Fig. 7.a. The actual COP
showed an increase when the cooling unit load was increased, Fig. 7.b. It was observed that the
power consumption per ton increases with load reduction. This was also noticed during the tests
when circulating R-22 as shown in Table 4.b.
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RESULTS ASSESSMENT:

For the purpose of comparison of the results, Table 6 was prepared for the ratios presented in
egs. (7 & 8) for the (AMPC) and the (IMPC) cycles. These results based on a mean values of the
predicted variables of Tables 4 & 5. It is useful to construct the following argument about the
experimental assessments of the present work:

The data showed that the coefficient of performance of the R-407C refrigerant was lower
than that of the R-22 results for both modes of calculations. Moreover, the COPR was
ranged between (0.94) and (0.83) for the (IMPC) and (AMPC) modes respectively. This
means that the COP of the unit was lower for the R-407C than that of the R-22 circulating
refrigerant.

Accordingly, the power consumed per ton of refrigeration, WRRons, for the R-407C was
higher than that of the R-22 by (19) % although the useful work rate of the latter was lower
than that of the former by (5) %. This is partly due to the higher working pressure range of
the R-407C than that of the R-22 during the steady state conditions, Table 6.

For all tests of both refrigerants, the air mass flow rate for the (IMPC) and (AMPC) modes
to pass through the condenser showed an increase with cooling capacity of the unit due to
the increase of the condenser load.

The circulated refrigerant per ton of refrigeration for the R-407C refrigerant was in the range
between (81-88) kg/hr. This was greater than that of the R-22 case which has the range of
(79 — 82) kg/hr. This is related to the physical properties of both refrigerants and essentially
is not dependent on the operating pressure ratios.

The experimental data shown in Tables 4 and 5 reveals that the work rate ratios (W,...;,) for

the R-407C tests were higher than those of the R-22 results. In other words, the calculated
useful work rate (W,,.,.) was closer to the isentropic (W ..) condition for R-407C than that

of the R-22 circulating case.

CONCLUSIONS:

The experimental work conducted in the present work revealed the following findings:

iv-

The suggested alternative refrigerant R-407C is one of the promising substitute for the R-22
in the air conditioning cooling systems. This object can be targeted without a major
alteration in the geometrical and physical dimensions of the existing unit.

Higher pressure ratio has been experienced during this work for the R-407C than that of the
present circulating refrigerant R-22 for the object of system operation with the existing
geometrical cooling unit design.

The power consumed per ton of refrigeration was higher for the present alternative than that
of the R-22 by about (19) % calculated as a ratio of power consumed with respect to the
base refrigerant R-22..

The above was accompanied by a reduction of the actual COP of the air conditioning unit by
(17) % and an increase in the circulated mass flow rate of refrigerant per ton.
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v- The assessment formulated in the present work recommends to use R-407C as a direct
alternative for the refrigerant R-22 in this type of air conditioning equipments.
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NOMENCLATURE:
COP : Coefficient of Performance defined by eq.(7)
COPR : Coefficient of Performance Ratio
h : Enthalpy, (kJ/Kkg)
m ;. Mass Flow Rate, (kg/s)

p : Pressure, (bar)

pr : Pressure Ratio

P : Work rate per ton of refrigeration, (kW/TR)
@ : Heat Transfer Rate, (kW)

q . Heat Transfer per Unit Mass, (kJ/kg)

T : Temperature, (°C or K)
WRR: Work Rate Ratio
W : Work Rate, (kW)

Greek Letters:

Ap : Pressure Difference, (bar)
n : Efficiency

Subscript:

a: Air

ca : Actual Compression Value
cond : Condenser

comp : Compressor

cons : Consumed Value

cs : Isentropic Compression Value
d: Dry Bulb

evap : Evaporator

i :Inlet

0 : QOutlet Value

r : Refrigerant

w : Wet Bulb
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Table (1): The Characteristic Physical Dimensions of the Evaporator and

Condenser Geometry.

Dimension specification

Evaporator | Condenser

Tube Length (mm) 390 570
Inner Tube Diameter (mm) 7.93 6.34
Outer Tube Diameter (mm) 9.52 7.94
Transverse Tube Pitch (mm) 19.25 17.32
Longitudinal Tube Pitch (mm) 28 20
Number of Tube Circuits 4 3
Number of Tubes per Circuit 11 23
Total Number of Tubes 44 76
Number of Tube Rows 3 4

Tube Metal Copper Copper
Tube Metal Thermal Conductivity (W/m.K) 386 386
Inner Tube Surface Smooth Smooth
Fin Thickness (mm) 0.2 0.2
Fin Pitch (mm) 15 15
Number of Fins per Inch (FPI) 17 17

Fin Type

Flat Plate Flat Plate

Fin Metal

Aluminum | Aluminum

Fin Thermal Conductivity (W/m.K)

202 202

Table (2): Experimental Data of Air Conditioning Unit Circulating R-22.
Table (2.a): Refrigerant Side Measured Operating Conditions.

Test | Apeond | APevap | P11 P, P3 Py | Ty T, Ts T, pr
No. | (bar) | (bar) | bara | Bara | bara | bara | (°C) | (°C) | (°C) | (°C) | (---)
1 |03 0.1 571 | 2251|2181 |581|10.0|81.0|43.6|9.0 | 3.846
2 |07 0.3 571 | 2271|2201 |6.01|11.0|82.0|42.0 |85 |3.814
3 |07 0.1 5.61 | 21.51|20.81|571| 9.0 | 82.0 | 42.0 | 9.0 | 3.737
4 108 0.1 551 |21.31|2051|561| 9.0 |81.0|42 |9.0 |3.76
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Table (2.b): Air Side Measured Operating Conditions.

Test Heat Exchanger | Ty Twi | Tao | Two
No.
Type (C) | CO) | (O) | (C)
1 Evaporator 30.8 | 16 9.3 5.8
Condenser 352 |22 |585| 28
2 Evaporator 312118 |102| 9.0
Condenser 345122 |60.0]| 285
3 Evaporator 29.7 | 15 8.2 55
Condenser 31825 |522]| 30
4 Evaporator 28.2 | 14 8 5.0
Condenser 324118 |574 | 25
5 Evaporator
Condenser

Table (3): Experimental Data of Air Conditioning Unit Circulating R-407C.

Table (3.a): Refrigerant Side Measured Operating Conditions.
Test | Apcond | Apevap | P1 | P2 P3 Py | To | T2 | Ts | Ta | pr

(bar) | (bar) | bara | bara | Bara | bara | (°C) | (°C) | (°C) | (°C) | (---)
No.

1 103 0.1 55124312401 |561|180|89 |45 |9.7 (434

2 105 0.1 521123512301 |531|16 |89 |49 |12 |4.42

3 |05 0.2 5312401 |2351|551|15 |90 |50 |12 |4.31

4 10.6 0.15 |566|2511|2451|581|156|89 |53 |11 |4.32
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Table (3.b): Air Side Measured Operating Conditions.

Test | Heat Exchanger | Tgi | Twi | Tao | Two
e Type (O | OO | (O
1 | Evaporator 250|113 |6.6 |50
Condenser 306 |16 |54.6]235
2 | Evaporator 25 |12 |6 3.0
Condenser 28 |16 |54 |24
3 | Evaporator 26 |13 |6 3.0
Condenser 29 |16 |55 |24
4 | Evaporator 26 |13 |61 |30
Condenser 32 |17 |57 |245

Table (4.a): The Performance Criteria of (IMPC) Mode Circulating R-22.

Test | Gy | Wor | Goona | COPs [, [ Wi [B [ s [ e
No. | ewy | (kW) | (kw) | (=) | (kgrh) | (kwy) | (KW/TR) | (%) | (kgrh)
1 [5.796 | 1533 | 7.330 | 3.84 | 1346 | 2358 | 0030 | 6501082
2 [ 5520 | 1.314 | 6.834 | 420 | 1245 |2316 | 0837 |56.7 | 8461
3 5324 | 1226 | 655 | 434 |119.32 2296 | 0810 |53.4 | 1126
4 4913 | 1231 |6.144 |399 | 1108 |2.275 | 0881 | 5418646
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Table (4.b): The Performance Criteria of (AMPC) Mode Circulating R-22.

Test | Quuap | Weons | Qeona | COPeons| Wineas | Wratio | Frons h, Mea | Mac
NO. | gawy | (kW) | (kW) | (=) | (kW) | (%) | (KW/TR) | (kgrh) | (%) | (kg/h)
1 5.796 | 2.358 |8.154 2460 | 1.060 |69.1 1.408 131.64 | 45.0 | 1203.2
2 5.520 |2.316 |7.840 2.383 | 1.195 |91.0 1.475 123.6 51.6 | 971.6
3 5.324 | 2296 |7.620 2.319 | 1.041 |85.0 1.516 119.0 454 | 13104
4 4913 | 2275 |7.188 2.160 | 0.936 | 76.0 1.628 11045 |41.1 | 1012.0
Table (5.a): The Performance Criteria of (IMPC) Mode Circulating R-407C.
Test | Quuay | Woe | Qeoma | COPs | 110 | Wppe | B Mes | Macs
No- | (kw) | (kw) | (kw) | (=) | (kg/h) | (kw) | (KW/TR) | (%) | (kg/h)
1 4235 | 1.111 | 5.346 | 3.811 | 97.57 | 2.378 0.922 | 46.7 | 740.2
2 4471 | 1.141 | 561 |3.92 |105.3 |2.399 0.898 | 47.6 | 7344
3 |5.17 |1.352 |6.523 | 3.823 | 124.83 | 2.399 0.920 |56.4|869.7
4 |520 |1.337 |6.583 |3.890|130.1 |2.440 | 0.903 |54.8|923
Table (5.b): The Performance Criteria of (AMPC) Mode Circulating R-407C.
Test | Quuap | Weons | Qeona | COFeons | Wineas | Wiario | Feons | e | Mea | Mg
NO- 1 (kwyy | (kW) | (kW) | (=) | (kW) | (%) | (KWITR) | (kg/h) | (%) | (kg/h)
1 4.235 | 2.378 | 6.613 1.580 |1.051 | 94.6 1973 |97.50 |44.2 |915.7
2 4471 | 2.399 | 6.870 1.864 | 1.063 | 93.2 1.889 |104.8 |44.3 |899.3
3 5.17 | 2.399 | 7.570 2.160 |1.310 | 97.0 1.631 | 124.7 |54.6 | 1009.3
4 520 |2.44 |7.640 2131 |1.147 | 85.8 1.649 | 1299 |47.0 | 1078.6
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Table (6): A Comparison for the Work Rate and (COP) Ratios of R-22 and R-407C.

Refrigerant Pr COPR_, | COPR_,,. | WRR, | WRR_,,.
Type ) =) ) ) )
R-22 3.73---3.84 | 1.00 1.00 1.00 1.00
R-407C | 4.31---442| 094 0.830 1.05 1.19
AIR EXIT
EXIT
INLET
REFRIGERANT- ) REFRIGEI
— O O Y U0 Y 0D T Ty —

‘_OIII%O:Q: 5 © I 6 S HONNeNS,
S e O N B S T VT S TN 6 7N © S © 1 Q) e—

(1.a): Evaporator Tube Circuiting Inlet Air

AIR INLET
EXIT
REFRIGERANT INLET
REFRIGERA?
”Lu._.’l oWe W oo, /u f) O 2’113’3‘—
e ' ‘\ i r[. /( r% v X ‘ 'I /
(\ @-_t/ 0 4 \/ ¢ : :\}/ \/} Fy &Y (7 (w/ C/‘—
5\ oo b‘-’*—“» 0 1 © 101 O 1 0 §
REFRIGERANT FNEE;I_GERANT
EXIT
(1.b): Condenser Tube Circuiting Exit Air

Figure (1): A Typical Heat Exchangers Tube Circuiting of an Air Conditioner.
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38.5mm

5/16 in. Tube 3/8 in. Tube

Figure (2.a): Condenser Tube Arrangement  Figure (2.b): Evaporator Tube Arrangement

Figure (2): The Tube Layout Arrangement of the Test Air Conditioner.

Condenser

Subcooled [ Saturated ‘ Superheated
3 27

2

Ejﬂ ‘ompressor
1
Saturated _| Superheated
4 1

Evaporator

Expansion
Valve

Figure (3.a): A Schematic Diagram for a Vapor Compression Refrigeration System.

Pressure

v

Enthalpy

Figure (3.b): A Standard Vapor Compression Cycle Considering
Sunerheatina and Suh-coolina.
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PC PC i\
Pe P.
Figure (4.b): Test Number (1) for R-407C Figure (4.a): Test Number (1) for R-22

Figure (4): A Typical (p-h) Diagram of the R-22 and R-407C Refrigerants Tests.

\\\A7/\\:\\ E E 235 \\\A?/\\:\\ E E
S RS 5 P !
RA ) 25 20 A ‘ 54.6 A 16 9.3 | 308 35 ‘ 58.5 ;
(1) Condenser Process .
(2) Evaporator Process Dry-Bulb Temperature °C
Dry-Bulb Temperature °C (1) Condenser Process
Figure (5.b) Test No. (1), R-407C Figure (5.a) Test No. (1), R-22

Figure (5): A Typical Psychrometric Process Chart of the R-22 and R-407C Refrigerants Tests.
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Figure (6.b): AMPC Cycle, R-22.
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Figure (7.b): AMPC Cycle, R-407C.
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PARAMETRIC STUDY OF LAMINAR NATURAL
CONVECTION IN GLAZING ENCLOSURE

Karima E. Amori Ahmed Mohammed Toima
Mech. Eng. Dept. College Of Engineering, University of Baghdad

ABSTRACT

This work includes a numerical investigation of steady two dimensional laminar natural
convection heat transfer in glazed rectangular enclosure at different tilt angles ranged from (0°
to 90°) for Rayleigh number (10°-10°), aspect ratios(4,5, and 8),and Prandtl number (0.7). The
study considers the effect of different boundary conditions on the heat transfer within the
enclosure. The continuity equation, Navier-Stokes equations and the energy equation are
solved by developing a numerical model based on finite volume method using SIMPLE
algorithm with hybrid scheme to compute the velocity vectors, temperature, pressure, and
Nusselt No. (local and average). Results show an increase in heat transfer rate with increasing
of Rayleigh number, and for low Rayleigh numbers, the conduction is the dominant heat
transfer mode. At Ra= 10°, the mean Nusselt number remains constant around unity for all
cases. The tilt angle has the major effect on the heat transfer for Rayleigh number larger than
10*. A comparison of the present results with previously published data is conducted, and good
agreement is seen to indicate the effectiveness and flexibility of the developed numerical
procedure.
Al
eala) o 8 Lkl all Jeadl ddasd g 5,0 al) Jlily ol sed) (ol yad Apaae Aulpy Gadl 1 gl
10° N 10700 Sl o8 sl (has Al 5l aad) 2505 5 jiise Alal s (90™-0 ) s 55 e Lls) 53 Jelaiasa
Aalhall Aalra g S i - il OYalaa | Ay ) i) E¥alee da &8 (Pr=0.7) J3l_n 2ael 5 (8,5,4) 4acly il
, 08 JS ad Clual diagl) 48 LI (SIMPLE) < sha plals sasall aaall 28 )l aladiuly gase 3 e olin
@J\Jjﬁ'&)\)&l‘ Ala) dluu\ C_‘lu.\”kil.\.\.l(dm‘jw‘yﬂ)M@J‘SLMS\‘SEJ“)AJ‘E\A‘)JJXCM\ g_al_\S‘)A
Glas a8 o) O b paidie ) b)) die gl JSE ek duasilly Bl pall Jul oy W) &8 B
o a1l sl e S Y18 L) el due D515 0l L 10° Gl ) die saa)y ey WS Sy Jan sil
Jo AIVal Legiy laa a5 am g s Ll 5y siitall poe Al all o3 3 Aliasiunal) i) 45 jlie i 10 (e S
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INTRODUCTION
The number of heat transfer applications in which the natural convection is a dominant
phenomenon within enclosures is large, and better understanding of this phenomenon has even
increased the number of applications and has led to a number of sophisticated industrial and
environmental designs. Natural convection flows in enclosures such as double pane systems
have received a great interest in engineering applications. Windows have always been a
significant part of building design, and provide many functions and play a significant role in
daily building operations. Hiroyuki Ozoe (1973) , studied (numerically using FDM and
experimentally ) two dimensional natural circulations in an inclined, confined box heated on
one side and cooled on the opposing side. The angle of inclination was varied from ( 0° to
180°) for four aspect ratios. The study assumed Pr=0.7 and Rayleigh number ranged from 10°
to 10°. The preferred mode of fluid circulation was observed to change with the angle of
inclination and the aspect ratio. He found that a minimum in the heat flux occurred at the point
of transition (merging of the circulation cells), while the maximum occurred as the angle was
further increased. lvan Catton (1973), studied numerically natural convection flow in a finite,
two-dimensional rectangular slot arbitrarily oriented with respect to the gravity vector for
aspect ratios (0.1 to 20), and tilt angles from -30° to +75° and Rayleigh numbers up to 2*10°.1t
was found that the flow structure and heat transport were dependent on aspect ratio, angle of
tilt and Rayleigh number. Mayer, Mitchell, and EI-Wakil(1979) studied experimentally the
effect of natural convection in moderate aspect ratio (0.25-4) enclosures using an
interferometric technique. The slat enclosure is represented as an array of cells which are
essentially contiguous enclosures each having a small aspect ratio. The Rayleigh number range
tested was up to 7*10* and the angles were from 45° to 90°.They showed that the convective
heat transfer is a strong function of the aspect ratio (less than 4). Also slat angles less than 90°
(i.e., oriented downward) reduce convective heat transfer. Elsherbiny et al. (1982), studied
experimentally the effect of thermal boundary conditions on natural convection in vertical and
inclined air layers between two isothermal plates of different temperature depends on the side
and end walls boundary conditions. These walls are usually assumed to be perfectly conducting
or adiabatic. The study has qualitatively described the wall conduction, radiation and fluid
convection interactions. Wang and Hamed (1980), investigated numerically steady two-
dimensional natural convection in air filled, rectangular enclosure using finite volume
approach. The effect of various configurations of bidirectional temperature gradients on mode
transition of thermal convection inside the cavity has been investigated. Simulations have been
carried out for Rayleigh numbers (10°<Ra<10° ), aspect ratio=4 and angle of inclination from (
0° to 90° ) . They showed that it is quite possible to alter the resulted heat transfer rates by
adjusting the thermal conditions; by varying cavity angle of inclination, or by modifying initial
conditions of fluid inside the cavity.

In this work, laminar flow in inclined glazing enclosure is adopted for various heating
cases to study the effect of different boundary conditions and different effective parameters on
flow field and heat transfer within it.

MATHEMATICAL MODEL AND BOUNDARY CONDITIONS

Figure.(1) depicts the schematic of the rectangular enclosure considered here. The enclosure
has a length of (L) along the x-axis and a width of (W) along the y-axis. The two side walls of
the enclosure are insulated, the others perfectly conducting walls are considered isothermal and
are maintained at constant temperatures Ty, and T, , respectively. The tilt angley , is the angle

of inclination of the enclosure with respect to the horizontal.
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Fig. (1): Two-Dimensional Enclosure Geometry.

The following assumptions accompanied to the
adopted mathematical model: Steady, two-dimensional
natural convection flow inside the enclosure, assuming
constant and employing the Boussinesq approximation
for the gravity term. The governing equations for
natural convection flow using conservation of mass,
momentum and energy can be written as:

ox oy
ou ou  1oP (d%u o ,
Ua)(-}—Vay:—an‘}'V[axz+ay2]_ﬂg(T_Tc)Sln7/
2

N v 1P (oW o
U—4+V—=—-——"—ty| —+— |- —-T.)cos
oy V[axz ENZJ AT -T;)cosy

2 2
L i i 3)
x oy |\ox? oy

Using the following change of variables:
Y=Y X=X, v=wW y=\W , T-T,
w w a a  T,-T, (4)
Pr=vY P :M , Ra= Prgﬁ(Th—Tc)W3
,00:2 %

The governing equations (1)-(3) reduced to the
following set of dimensionless equations:

N N _, ()
X oY

2) 2)
g N __P 0 UZ +% —RaPrg sin(
oX oY oX oX® oY

3795

Fig.(2): Enclosure Geometry And
Coordinate System For The Studying
Cases




K.E. Amori Parametric Study Of Laminar Natural

A. M. Toima Convection In Glazing Enclosure
TEAMRYLA aivﬁaivz —RaPré cos () (6)
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u20 20 _(2%0 o' )
oX oY (oxX° oY

The Boussinesq approximation is introduced in the present study, which treat the density as a
constant variable in the continuity equation and in the inertia term of the momentum equation,
but allow it to change with temperature in the buoyancy terms, such that:

p=p1-pT-T.) (8)

The no-slip boundary condition is applied at all four boundaries.
U(X,0)=U(X,1)=U(0,Y)=U(l,Y)=0 (Where | = L/W)

V(X,0)=V(X,1)=V(0,Y)=V(l,Y)=0
Thermal boundary conditions adopted in the present work are related to the cases considered

shown in Fig (2). These cases are:
l. Enclosure which has a lower wall heated and upper wall cooled with two insulated

sidewalls as shown in Fig (2a). i.e.:

O(X,0) =1
o(xX, 1) =0 (Constant wall temperature)
oo oo .

— O, Y)=—(,Y)=0 Insulated sidewalls

— (OY)=—-(1,Y) ( )

Enclosure which has a lower wall cooled and upper wall heated with two insulated

sidewalls as shown in Fig (2b). i.e.:

O(X,0) =0
(X, 1) =1 (Constant wall temperature)
%(O,Y) =%(| Y)=0 (Insulated sidewalls)

oX oX

Enclosure with upper wall is subjected to non-uniform temperature (sinusoidal)
distribution in space coordinate while the lower wall is cooled and the sidewalls are kept

insulated as shown in Fig (2c).

Ie.
o(X,0)=0 (Constant wall temperature)
(X 1) =sin(zX") (Sinusoidal temperature distribution and X [J=Xw/L)
%(O,Y) = %(1,Y) =0 (Insulated sidewalls)
oX OX

The Nusselt number was calculated using the following equation:

Nu = 1 q dx (9)

ave T W ) (T, —To)
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NUMERICAL ALGORITHM AND RESULTS VALIDITY

Egs. (5) to (8) are solved using FVM and the SIMPLE algorithm. The procedure was regarded
converged when maximum difference of all independent variables (U, V, P, and &) and
maximum change in calculated average Nusselt number between two successive iterations
were less than 10™.

These governing differential equations can be rewritten in the general form as: Patankar

(1980)

0

0 0 _ 0~ oD oD 10
ax("uq))JrayL"V@]_a{r@@(%ay r (10)

D oy
Where the left hand side represents the convective terms, the right hand side represents the

diffusion and source terms. The physical domain is divided into elements as shown in Fig.(3),
and a Fortran 90 computer program is developed with the structure chart shown in Fig. (4).

- +ScI)

RESULTS AND DISCUSSION

Verification of the Numerical Discussion

In order to check the accuracy of the results obtained using the present numerical algorithm,
results were compared with those available in the literature. The computed and the reference
Nusselt No. values of Wang (2005) and Yao (1999) along with the percentage deviation, are
presented in table (1). Wang and Yao studied an enclosure at (¥ = 0') with insulated upper
and lower walls and isothermal side walls. Table (1) shows that the minimum and maximum
deviations are (0.0007%) and (2.288%) respectively.

Nu,, — Nu
Where: Deviation % = = =™ =100
Nuref
Table.1. Verification of the Mean Nusselt number
Nu Deviation
Ar Pr Ra Present Wan Huafu %
Study g Yao
4 0.7 1000 1.000003 1.00001 - 0.0007
4 0.7 3000 1.554243 1.57002 - 1.004
4 0.7 5000 2.000682 2.0022 - 0.075
4 0.7 10* 2.507354 2.55 - 1.672
|
1 0.71 10* 2.294327 - 2.243 2.288
1 0.71 10° 4.520762 - 4519 0.039
1 0.71 10° 8.774747 - 8.9693 2.169

Glazing Enclosure Heated From Lower Surface - (Case I)

The effect of inclination angle is studied by varying (7) from 0" to 90 on flow and
temperature fields for Ra=10* are shown in Fig. (5) for (Ar = 4 and 8), respectively . At
(Ar=4), the multi-cells begin to coalesce into one. A pronounced one-cell motion was
observed between 30" < 7 < 90  while multicellular form could be observed for (Ar=8) at
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(7=0). At an angle of 60 hot wall produces an acceleration to the flow along the top and
bottom walls, causes the velocity vectors in the core region to stretch toward the top right and
bottom left corner of the enclosure. The number of circulation cells for Ar=8 is larger than that
for Ar=4 due to the effect of shallow effect of the enclosure. The circulation cells tends to
merge and move to the upper end of the inclosure with increasing of the inclination angle as
shown in Fig. (6) due to the gravity effect. Fig.(7) illustrates the velocity vectors and isotherm
contours for Ra=10°%10% 10°, and 10° for Aspect ratio of (4 and 8) at ¥ =0". As Ra increased
slightly, the upslope temperature gradient causes a change in the number of cells from four to
two for (Ar=4), and from six cells to four cells for (Ar=8). Fig.(8) shows the relation between
the Nuae vs. Ra for various aspect ratios and inclination angle. Results show that e Nuaye
increases as increasing the Ra No. and at Ra=1000 the value of Nua. Was unity which indicate
that the conduction and convection effect is the same. Also it can be shown that the specified
values of inclination angle the circulation fluid cells merged and cause a decrease in Nu
number, while a slight effect of Ar is shown.

Glazing Enclosure Heated From Upper Surface - (Case I1)

The effect of the inclination angle is studied by varying 7 from 0" to 90 for the case of
Ra=10". The Isotherms and Velocity vectors at Aspect ratios (4, 5, and 8) was studied and
found to be so similar in trend as that for case Il , therefore only Ar= 4 is presented in Fig. (9)
in this section to avoid repetition.. This figure shows that for (¥ =0’), two fluid cells are
formed, while they are merged for higher tilt angles, also a weak convection heat transfer exist
tending the fluid to move towards the enclosure ends at the upper heated wall. This fluid
movement increases with increasing of 7 noting that the fluid moves upward near the heated
side due to decreasing the fluid density, and moves downward near the colder wall to form one
flow cell for (¥ =30, 60°, & 90°). Effect of Ra No. on the vertical velocity distribution and the
isothermal contour along enclosure centerline is shown in Fig. (10) where the fluid flows is
clock-wise unicellular, except for (Ar=4, Ra=10 =0 ) where twin in opposite direction
circulation fluid cells are formed, also it shows that increasing of Rayleigh number leads to
increase the circulation strength due to the increase in temperature difference. As Ra increases
to 10° and 10° ,the thermal boundary layer gets intensive and thinner. Compressed isotherms
extend longer along the y-axis and the isotherms are further distorted due to the stronger
convection, this is also shown in Fig.(11).

Fig.(12) shows the effect inclination angle on the averaged Nu for (Ar= 4 and 8 ).It can be
concluded that increasing 7 leads to increasing the heat transfer and the effect of increasing
the aspect ratio has larger effect, due to the confirmation effect to fluid circulations in shallow
enclosure. Also it can be shown that for 7 =0 all values of Nua is equal to one i.e convection

effect is the same as conduction.

Glazing Enclosure with Non-Uniform Heating of Upper Surface - (Case 111)

The effect of the inclination angle is studied by varying 7 from 0" to 90" and Ra=10" for the
case(ll) as shown in Fig.(13). The Isotherms and Velocity vectors at Aspect ratios (4, 5, and 8)
was found to be so similar in trend, therefore only (Ar=4) is presented in this section to avoid
repetition. It can be seen from velocity plot at =0, two circulating fluid cells are formed
inside the enclosure. Further increase in the tilt angle to ¥ =30 and 7 =60 leads to merge to a
unicellular pattern with the tendency to increase the rotational velocity with the tilt angle. At
the vertical position =90, where the gravitational field is parallel to the boundary layer the
circulation cell is squeezed towards the upper section of the enclosure.

The effect of Rayleigh number on the heat transfer and fluid motion is investigated for ranges
of 10%, 10%, 10°, and 10° as shown in Fig.(14).
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For small Ra, the fluid is almost stagnant and pure conduction through adjacent fluid layers
dominates the heat transfer as it is confirmed by the temperature distribution. It also noted for
horizontal position that the temperature at the top wall is non —uniform and a maximum
temperature is located at the center. At Ra=10°, the circulation pattern is qualitatively similar to
the uniform upper surface heating as shown in Fig.(15). Fig.(16) shows the effect of Ra No. on
the vertical velocity distribution along the enclosure centerline. Fig. (17) shows the combined
effect of inclination angle and aspect ratio and Ra No. on the averaged Nu No. The same trend
in case Il is presented with the exception that the conduction is dominated at ¥ =0 than

convection .

CONCLUSION

Steady, two-dimensional, natural convection in an air-filled rectangular enclosure has been
numerically investigated using the finite —volume based SIMPLE numerical algorithm. Based
on the obtained results, conclusions can be listed as follows. When Ra < 103, the inclination of
the enclosure does not have any influence on Nu for all aspect ratios Ar =4, 5 and 8. And for
5+10° < Ra < 10* ,the Nusselt number tends to increase when the cavity inclination increases
and then drops to minimum value when transition mode occurs. Heat transfer is increased with
the increasing of Rayleigh number for all parameters which affect on flow and temperature
field. Inclination angle is the dominant parameter on fluid flow and heat transfer and has a big
effect on the cellular fluid form.

1

=05F

Fig.(3):The Computational Domain of
the Enclosure
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Input data
v
Grid specification
v
Initial guess variable field
P.U\V »
Solve the discretized momentum equations
a,,U s =Za, U w + (P*I—l,.] -Ps )AIJ +Cy | (4.25)
b|’iv*|,j =3b, .V w + (P*I,J—l -P" )Al’i +Cy
v
Solve the pressure correction equation
Set ’ ’ ’ i i '
p*=p aP, =a.P. +a,R, +a P, +aF +c ....... (4.33)
\/
u*=u

Correct pressure & velocities using the velocity and pressure correction equation
* % *
V¥ =V p=p +p;U=U +U";V=V +V' ... (4.24)

s = |

Solve the other dependent variable field (¢)
ApPp = AP +ay By + APy + as¢s + Su -(417)
|

NO

Convergence

Calculate: T, U ,V, P, Nu, Nu

Fig.(4): Flow Chart of the Computer Program.
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Ar=4 Ar=8

Fig (5) Effect of Inclination Angle on Temperature Contours and Velocity Vectors for
(Case 1),
[Ar=4 and 8, Ra=10"]
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Fig (7): Effect of Rayleigh Number on Temperature Contours and Velocity Vectors
for (Case I),[Ar =4 and 8, y =0 ]
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Fig (10): Effect of Rayleigh Number on

Temperature Contours and Velocity
Vectors for (Casell), [Ar=4,and y=90]

Fig (9): Effect of Inclination Angle on
TemperatureContours and Velocity Vectors for
(Case 1), [Ar= 4, Ra=10"]
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e NOMENCLATURE
LATIN SYMBOLS

L,w Dimensionless  aspect

Ar : S Source term
ratio
g Gravitational acceleration u V.EIOC.'ty component in - x-
direction m/s
h Convective heat transfer U Dimensionless velocity in x-
coefficient W/m? °C direction
K Thermal conductivity v Velocity component in y-
W/m.°C direction
NUaye Average Nusselt number Vv D_|me{13|onless velocity in y-
direction
P Pressure (Pa) T Temperature °C
Pr Prandtl W Dimensionless  width  of
number, 00000000 enclosure
Q I(—\I/(\e/z;:nzl;lux per unit area X,y Cartesian coordinate
Ra Rayleigh number XY Dlmensmnless Cartesian
coordinate
GREEK SYMBOLS P Density
a Thermal diffusivity 0 Dimensionless Temperature
B Thermal expansion
coefficient Superscripts & Subscripts
r Diffusion coefficient
¢ General dependent variable - Average
4 Inclination angle C Cold
v Kinematics viscosity h Hot
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ANALYSIS OF APPROXIMATED CURVED CRACKS IN
HOMOGENEOUS AND GRADED MATERIALS

HAYDER FANOOS NEAMAH
Mechanical Engg. Dept., Baghdad University,

ABSTRACT

In this paper two stages of analysis are studied. In stage I, the influence of crack shape on the
crack-tip stresses, critical loads and subsequent propagation direction is investigated via a simple
analytical model for cracks in homogeneous materials. This model is verified through finite element
simulations using ANSYS. It is demonstrated that accurate predictions of mechanical energy release
rate and crack deflection angle may be obtained from a smaller number of crack shape parameters.

In stage Il, this concept is extended to curved cracks in functionally graded materials (FGMs).lt is
common that analytical and computational models of fracture in FGMs have focused almost
extensively on straight cracks. If it can be demonstrated that straight cracks give an adequate
approximation of curved cracks in graded materials, then the existing solutions for straight cracks
provide a sufficient foundation for fracture analysis of FGMs. On the other hand, if straight cracks
do not adequately approximate curved cracks in FGMs, then the development of solutions for non
straight cracks in graded materials is priority. Three cracks shapes approximations are performed to
compare with the actual crack in isotropic and graded materials. The crack propagation and the SIFs
were simulated using finite element method. It was concluded that piecewise linear crack shapes
provide a significantly better approximation than straight crack shapes. Accordingly, analytical
solutions for piecewise linear cracks in graded materials would be very useful, and should be a
focus of future work in this area.

KEY WORDS
SIF, FGM, Fracture mechanics, FEA, ANSYS
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INTRODUCTION

FGMs (functionally graded materials) are “functionally graded” to provide the exact combination
of characteristics desired, and in these materials or structures the material properties vary with
location in such a way as to optimize some function of the overall FGM. The metal, the ceramic, the
volume, shape, location of the ceramic, and the fabrication method can all be tailored to achieve
particular desired properties. The design of FGMs requires an explicit understanding of the material
behavior at each location and over all these length scales. There has been quite considerable work
on the manufacturing methods of metal/ceramic FGMs. Advanced manufacturing techniques are
used to process FGMs, among which we may mention spark plasma sintering (SPS), 3D-printing,
electrophoretic deposition and high—temperature infiltration (Jin et al., 2001). Due to the brittle
nature of the ceramic components in ceramic/metal FGMs, fracture mechanics of graded materials
is also studied quite extensively. A detailed literature review of the fracture mechanics of graded
materials is given by Dag (2004). Functionally graded microstructure in a ceramic/metal composite
has been found to reduce the otherwise thermal stress field at the interface between ceramic and
metal plates(Taya et al., 2005). Chatterjee et al. (2006) have developed a multi-layered rainbow
type actuator with graded piezoelectric properties through the thickness.

The criteria for crack propagation should take into consideration the account of the influences of
material property gradient along with crack geometry and applied loading, on the applied stress
intensity factor (Erdogan, 2006). Furthermore, it should be include the effects of intrinsic toughness
variation (Jin & Batra, 2007). Although a crack shape may be quite complicated, several researches
have suggested that the stress intensity factor may be approximated by a function of several simple
crack-shape parameters, or indeed by approximating the curved crack to an equivalent straight
crack. The relevance of these types of approximation has been demonstrated for particular crack-
shapes and loading configurations, although reasons were not given for why this is so (Kitagawa et
al., 1975, Leevers et al., 1980, Noda et al., 1994). Approximations to an equivalent straight crack, or
other simplified crack-shape, simplifies calculation appreciably and may often sufficiently accurate.
In fact, this approximation is made when treating any macroscopically straight crack as being
perfectly straight, despite the fairly ubiquitous presence of crack deflection at a microscopic level.
The validity of the approximation in this case is generally not questioned. For macroscopically
deflecting cracks, this approximation is clearly useful for simply estimating fracture parameters, and
thus warrants further investigation.

It is proposed that the shape of a crack may be described by several parameters, from which an
approximate SIF value may be predicted. For an edge crack, a common configuration in experiment
fracture mechanics, the proposed parameters, shown in Fig. 1. are:

e Crack length perpendicular to the edge, a;
e Transverse deviation parallel to the edge, d;
e Crack-tip orientation relative to loading direction, ¢ .

In this paper, the influence of crack shape on crack tip stresses in homogeneous materials is
investigated via a simple analytical model. This model is verified through finite element
simulations. Second, the curved cracks of graded materials were simulated by FE program ANSYS.
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MATERIALS AND METHODS
Analytical Model(For Homogeneous Material)

A simplified approach given by Ashby and Jones (1996), for calculating the mechanical energy
release rate, based on the assumption of an elliptical region of stress relaxation around the crack and
the increase in this region with the crack extension. For a straight crack of length, 2a, as in Fig.2,
the rate of energy release, G, associated with a crack extension was determined as:

3 kro?a

G .
2E

1)

Where E' is the effective Young's modulus, and k describes the aspect ratio of the relaxation
volume. It can be shown that k is 2, for a through-thickness straight crack in an infinite medium.

Mechanical Energy Release Rate
The mechanical energy release rate is calculated from the following formula (Noda et al., 1994):

G= ”Z;,Z [2a(cos 7 + d sin7) cos(¢ — )] (@)

To estimate the value of y, the simple case of a straight crack under tensile loading is considered.
In this case, parameter d, & and » are zero, and:

2
sz;‘z'a €))

This may be compared with the known expression for an edge crack (Broek, 1991):

_1.1227r62a

G ,
E

(4)

And the geometrical constant is thus determined as y =2(1.12)*~2.5.

Deflection Angle

Whilst a number of different criteria have been used to predict deflection angle, the focus of the
current analysis is strain energy release rate. Accordingly, the maximum energy release rate
criterion is most appropriate. Considering a kink extending at angle from the tip of a particular
curved crack the mechanical energy release rate is estimated from Eq. (2) as:

G(6) = ”47 ;2 [2a(cos 7 + d sin 17) cos(p — 7 + 6)] (5)

This is maximized for:

dG(6) _

q0 (6)

After simple sequence of calculations, the optimum value of the kink angle, :
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6,=n-06 (7)

This implies that mechanical energy release rate will be maximized for crack growth
perpendicular to the loading direction, which is understood to be the case.
This simple analytical model may not be applied to FGMs, as the elastic property gradient, leads to
a spatial variation in strain energy density. It was assumed, however, that curved cracks in FGMs,
by analogy with those in homogeneous materials, may also be approximated by simple-shaped
cracks. This was investigated with FE simulation, using several different crack-shape
approximations.

FINITE ELEMENT SIMULATIONS (FOR BOTH FGMS AND

HOMOGENEOUS MATERIALYS)
Geometric Modeling

Specimens were modeled in two dimensions under plane stress conditions. Generally,
compositionally symmetrical samples, consisting of two graded sections situated between materials
1 and 2, as in Fig. 2. A tensile load is applied to the edge of the plate and the other is clamped.
Crack propagation was assumed to initiate from a notch in the graded section, oriented
perpendicular to the gradient section. The material gradient was described by the magnitude of
elastic property mismatch, Re=E,/E;, the width, w, and the shape of the elastic property profile,
defined by the exponent, n, in a power-law expression. Continuous and stepped gradients
respectively, as shown in Fig. 3, were defined by

E(S)=E @+ (R -D&) (Continuous) (8)

E(S) = B (1+ (Re ~D(NtIN ]/ N)") (Stepped) 9)

Where Ns is the number of steps across the gradient and Int[N_.&]represents the operation of

rounding to the nearest integer. Stepped gradients with smoothing of effective properties at step
interfaces were also considered.
In linear elastic problems, it is known that the displacements near the crack tip (or crack front)

vary as Jr, where r is the distance from the crack tip. The stresses and strains are singular at the
crack tip, varying as }{/F To resolve the singularity in strain, the crack faces should be

coincident, and the elements around the crack tip (or crack front) should be quadratic, with the
midside nodes placed at the quarter points. Such elements are called singular elements. Fig. shows
2D singular element. Meshing was conducted under free meshing conditions using the AMESH
command, with isoparametric quadrilateral PLANE 82 elements which have 8 nodes: 4 vortex
nodes and 4 midside nodes. The crack tip singularity were modeled using degenerate triangular
quarter point elements, which enabled crack tip fields and fracture parameters to obtained. An
example of meshing is given in Fig. 4. To improve solution accuracy, the mesh was refined around
the crack and the crack tip in particular, with crack tip element size (a,/1000) where a, is initial
crack length, as shown in Fig. 3. approximately 3500 elements were used in total.

Simulation Of Crack Propagation

Crack propagation was simulated incrementally. Fig. 5 shows a schematic diagram explaining the
sequence of events in simulation of crack propagation.
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SUMMARY

These were conducted in two stages. In stage I, stationary cracks with a range of shapes in
homogeneous specimens were modeled to obtain values for mechanical energy release rate and
deflection angle. In stage Il, propagation of cracks in homogeneous and graded specimens was
simulated, and crack paths and SIF profiles were obtained.

The general specimen configuration for stage I, an edge-cracked size with stresses applied to edge
of plate, and a representative mesh, are shown in Fig. 4. Deflection angle was predicting using the
maximum energy release rate criterion for consistency with the analytical model.

To investigate a range of crack shapes, a degree of variability within the constraints of the set
parameter scheme was introduced by varying the curvature of the cracks, whilst keeping the defined
parameters constant. Three different general crack shapes were considered, A, B and C, as shown in
Fig. 6. By using each of these for each set of values of a, d, and, the sensitivity to curvature could be
examined. It should be noted that, in the geometrical scheme used, the radius of curvature, r, is
proportional to a and d, so that when d is varied, the relative curvature, i.e. r/a varies also.

When the entire crack shape was used, the finite extension per increment resulted in a path made
up of numerous small line segments. As the propagation direction did not change abruptly, these
formed a smooth path. The effect of using approximated crack shapes on predictions of crack-path
and stress concentrations was examined. When simplified crack-shapes, as shown in Fig. 7(a), were
used, the crack was extended in the same way; however, after each crack extension, a new
approximated crack-shape was defined and meshed. This approximated crack shape was used for
calculation of the propagation direction for the subsequent increment. This is illustrated
schematically in Fig. 7(b). The crack-shape geometry and surrounding mesh was deleted and
refined between each increment of the propagation. The crack paths presented here are essentially
plots of the variation of crack-tip location, as calculated using a variety of crack-shape
approximations.

It should be emphasized that the use of approximated crack shapes in this manner did not improve
simulation efficiency, except for simplifying the mesh pattern around the crack which could slightly
reduce the number of elements and hence the computation time. Rather, the efficiency of analytical
solutions would be improved notably if a simplified crack shape could be used. Establishing the
validity of this was a principal aim of this study.

This approach was applied to several different material configurations. The general specimen
geometry, an edge-cracked plate in tension, is depicted in Fig. 3. Specimens containing the
following material interface configurations were examined:

(1) No interface (asymmetrically-notched homogeneous specimen), with the notch situated 36
mm from the load line (center of specimen).

(2) Step interface (biomaterial specimen), with crack initially 8 mm from the interface;

(3) Continuously-graded interfaces, with parabolic spatial variation in material properties
across a 10 mm wide gradient region, and crack initially situated 8 mm from the interface
between the gradient region and material 1;

(4) Continuously graded interface, with parabolic spatial variation in material properties across
a 10 mm in wide gradient region, and crack initially situated 8 mm from the interface
between the gradient region and material 1;

(5) Discontinuously-graded interface, with stepped-linear (3 steps) spatial variation in material
properties across a 10 mm wide gradient region, and crack initially situated 8 mm from the
interface between the gradient region and material 1.

The assumed properties of material 1 were E;=3.4,v;= 0.25. Properties of material 2 were
assumed as E,=340 and v,=0.25 for all cases except the homogeneous specimen, which material 1
and 2 were identical (Mattew T.Tillbrook, 2005). The large disparity in elastic properties was
assumed so that deflection angles would be high, thereby amplifying the differences which may
arise between predictions from different crack-shape approximations.

3781




H. F. Neamah Analysis of approximated curved cracks
in homogeneous and graded materials

RESULTS & DISCUSSION
Curved Cracks In Homogeneous Materials

The predictions from this analytical model are shown in Figures 8 to 10, along with results
obtained from finite element analysis. The FE results are shown as dots or triangles, with a degree
of scatter between results obtained for different shape types, A, B and C, whilst analytical model
results are shown as solid lines. Mechanical energy release rate values are normalized with respect
to effective Young's modulus, E', and applied stress, o , so that the effect of crack geometry may
be examined directly. However, as applied stress and effective Young's modulus were held constant
for all cases examined, the absolute and normalized values for mechanical energy release rate are
directly proportional.

The effect of variation in relative deviation, d, is illustrated in Figs.8a and b for cracks with

loading angles of 7 = 0° & 30° respectively. There is a systematic influence of d on the deflection

angle. Although the difference is larger for larger values of d, the influence of d seems to be greater
for smaller d values, as the slope of the variation of & with d is greater in that region. Variation in d
leads to a variation in the curvature at the crack tip, so the influence of d is likely to be attributable
to curvature.

The effect of variation in crack-tip angle, ¢, is illustrated in Fig. 9(a and b) for cracks with loading

angles of 77 =0° &30°respectively. Crack-tip orientation is seen to influence fracture parameters

significantly. Increasing the crack-tip angles leads to an increase in deflection angle, and a decrease
in mechanical energy release rate. Very close agreement is observed between the model and FE
predictions for both energy release rate and deflection angle.

The effect of variation in crack shape is illustrated in Fig.10 (a and b) for cracks with loading

angle of 77 =0° &30° respectively. In these cases, the key shape parameters remain constant whilst

the shape of the crack is varied. This was achieved by varying the radius of curvature in the circular
arc section of the crack shape. Crack curvature has only a minor influence on fracture parameters,
as anticipated in the original hypothesis. This implies that a wide range of cracks may be simulated
reasonably accurately by analogy with simplified crack shapes. Crack curvature does seem to have
a slight effect, especially when the radius of curvature near the crack tip is small. This is in
agreement with the findings of (Kitagawa et al., 1975).

Curved Crack In Graded Materials

Crack paths and SIF magnitude profiles obtained using each of the approximated crack shapes are
compared with these obtained using the entire crack-path shape, in Figs 11 to 15. SIF magnitude has
been normalized with respect to the SIF for straight crack of the same length in a homogeneous
specimen of the same dimensions and loading. This allows the influence of material property
variation to be examined independent of the effects of crack length, which would otherwise
dominate the variation of SIF magnitude. The normalized SIF magnitude profiles are plotted against
crack-tip position in the horizontal direction so that variation across the interface region may be
compared between the different crack-shape approximations.

Fig. 11 shows results for the asymmetrically-notched homogeneous specimen. Path predictions
and SIF magnitudes obtained using crack-shape approximations show very good agreement with
those obtained using the entire crack-path. In the homogeneous material specimen in Fig.11, the use
of an approximated crack shape appears to have almost no effect at all on SIF magnitude
predictions. Results for the bimaterial specimen are presented in Fig. 12. Deviation between results
from approximated crack shapes and the entire crack path is more significant in this case. Fig. 12
and 14 show the results for the two continuously graded specimens with different gradient
steepness. Results for the discontinuously graded (step graded) specimen, which contained three
steps, are shown in Fig. 15.

The presence of material inhomogeneity, in Figs 12 to 15, seems to cause greater deviations
between results from approximated crack shapes and those obtained using the entire crack path. In
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inhomogeneous specimens, the results predicted using straight deviated significantly from the
results for exact crack shape. Those approximations tended to result in less deflection. This could be
attributed to a slight skewing of the crack tip stress field, caused by the difference in crack tip
orientation of the approximated and exact crack shapes. The piecewise linear approximation gave
good predictions for all the configurations examined.

The crack path shows a cumulative deviation effect. In the first increments of crack growth,
before any deflection has occurred, the exact and approximated crack shapes are identical, and then
they become progressively more different as the crack propagate, as was shown schematically in
Fig. 7(b). Concordant with this, differences in the crack propagation direction, due to the use of a
crack shape approximation, are initially very small then these increase as the crack extends.
Furthermore, the differences accumulate, and the differences between crack paths lead to further
divergence.

For cracks in the specimen with some material inhomogeneity, the SIF magnitude varied
significantly across the interface region. In Fig. 12, it increases sharply as the biomaterial interface
is approached. A similar effect is observed as the crack approaches the two interfaces in the step
graded specimen in Fig. 15. A more continuous variation in SIF magnitude is observed for the
continuously graded specimens, though these still exhibit notable variation with crack tip position.
The contrast between the results for linear property variation in Fig. 13 and those for parabolic
variation in Fig. 14 highlights the importance of material property distribution in influencing crack
tip stresses.

For the crack approaching the biomaterial interface in Fig. 12, SIF magnitudes varied significantly
between simulations using different crack shape approximations. For a crack with tip situated 1 mm
from the bimaterial interface, for instance, the relative SIF magnitude calculated for using exact
crack shape is 1.8 times that calculated using the straight crack approximation. This means that
using the straight crack approximation would lead to an overestimate of critical load by a factor of
1.8. Similar comparisons may be made for crack in continuously graded and step graded specimens.
These also show significant differences between SIF magnitudes obtained from different crack
shape approximations.

CONCLUSIONS

From this analysis, the following concluding points can be deduced,
1. Curved cracks in homogeneous materials may be reasonably approximated by equivalent straight
cracks for the calculation of mechanical energy release rates and deflection angles.
2. Piecewise linear crack shapes provide a significantly better approximation than straight crack
shapes. Accordingly, analytical solutions for piecewise linear cracks in graded materials would be
very useful, and should be a focus of further work in this area.
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Fig. 1 Example of deviating crack showing key parameters
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Fig. 2 Stress relaxation volume around (a) a straight internal crack under tensile loading (b) a
curved edge crack under mixed mode loading
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Fig. 4 Representative meshing of finite element modeling around the crack tip and crack front
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Fig. 5 schematic diagram shows the sequence of procedure of crack propagation using
ANSYS
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Fig. 6 Generic crack shapes used in FE validation (Stage 1):A-Concave, B-Piecewise linear, C-
Convex(Stage I)
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THE STADIA MEASUREMENTS FOR TACHEOMETRY
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ABSTRACT:

Tacheometry is used to measure the lengths of traverse sides, to check the more accurate taped
distances in order to uncover gross errors or mistakes and to determine differences of elevation
between points. It's most general use is found in the compilation of planimetric and
topographic maps by field methods alone, by which distances, elevations and directions to
points are to be determined from field control points whose positions have been established by
a higher order of accuracy.

The principles of stadia measurement by use of the transit or theodolite or total station is one
of the main method of tacheometry. This paper presents the principles of stadia measurement
and a computer program MSM (Modeling the Stadia Measurements). The program is
formulated and written by using the Visual Basic language, Version 6. This version of the
language is objecting oriented provided with comprehensive tools to simplify the task of
programming and to provide the programmer with wide range of options for design of the user
interface system.

-

1ADA
Al 2 UadY) Cais SISy SV Alaid) bl (38010, aliad) g3l skl Gull Jantiony (5 fisa Sl
Lhe salall Lihall, Lpedd) Lihall aead 8 las ole Jlewivd iy (Ll o el CDUA) G
Ll el ellyy Ll ) clalasy) Gulds ,cleliVy ,clibal (ld Gl oo lasgd Jiall Gyl ddauly
Adle 4y Cusd A V) sl

(Total Station ALl dasall jlea 5 cauNasill 5 coslill jeal aladinly &5 Al Ladad) &)k ¢ 50l )
el dee &5 Ladiad) daph ogalia (ayay il 138 ) g 5iaa 5SUL daaiyl) (3ylall (e 32als & INStrument)
Jsadll 4l Jlexinly malipdl slae) 23 .(Modeling the Stadia Measurements (MSM)) el Gisula
AL, mayall s ls Aoyl Aoge Japdl ALLEN lsaVL Biemay dgase ARl (e Aaiall oda .6 Ads cdluy
' bl ey ansl LAY G dandy

3710




A. Th. Ibraheem Developing a computer program for modeling
A. M. Daham the stadia measurements for tacheometry
works
Keyword:

Stadia Measurements, Measurement by stadia horizontal sights, Stadia Leveling,
Applications of Stadia Measurement, Stadia Surveying, Horizontal Measurements
Distances and Tacheometry.

1. INTRODUCTION

The term tacheometry in surveying is used to denote the procedures for obtaining horizontal
distances and difference in elevation by rapid indirect methods. The procedure is sometimes
referred to as stadia, optical distance measurement or telemetry [4].

The stadia method is a rapid and efficient way to measure distances accurately enough for
trigonometric leveling, some traverse, and the location of topographic details. Furthermore, a
two-or three-man party can replace the three-or four-man party required in transit-tape surveys.
The term stadia comes from the Greek word for a unit of length originally applied in
measuring distances for athletic contests. The word denoted 600 Greek feet, or 606 ft 9 in. by
present-day American standards.

The term "Stadia" is now applied to the cross wires and rod used in making measurements, as
well as to the stadia method itself. Stadia reading can be taken with modern transits,
theodolites, levels, and Total Station [1].

2. BASIC PRINCIPLE:

Stadia is based on similar triangles between the object, the focal point of lens, and the reticle
of the instrument. The relationship is shown in Figure (1).

Level Rod
| f uw
Ty te— MW
N —
| b - d LW
Figure (1): Sketch depicting basic geometric principles of stadia.
If we let
e ab=i,and
e I=UW-LW
il = d =d-= Al L e (1)
ab | ab
then

If f/ ab = K, then d = KI and the horizontal distance, D, from the instrument to the rod is:
D = Kl 4 € (2)

3. MEASUREMENT BY STADIA FOR HORIZONTAL SIGHTS

The stadia method is based upon the principle that in similar triangles homologous sides are
proportional. Thus in Figure (2), which shows an external-focusing telescope, light rays from
points A and B passing through the center of the lens the form a pair of similar triangles AmB
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and amb. Here Ab=R is the rod intercept (stadia interval) and ab is the interval between the
stadia wires [4].

Standard symbols used in stadia measurements, and their definition, are as follows:

f = focal length of the lens (a constant for any particular compound objective lens). It can be
determined by focusing upon a distant object and measuring the distance between the center
(actually the nodal point) of the objective lens and the reticle.

f1= distance from the center (actually the nodal point) of the objective lens to the plane of the
cross hairs when the telescope is focused on some definite point.

f2= distance from the center (actually the nodal point) of the objective lens to definite point
when the telescope is focused on that point. When f2 is infinite, or very large, f1=f2.

i= interval between the stadia wires (ab in figure (2)).

f/i= stadia interval factor, usually 100.

c= distance from the center of the instrument (spindle) to the center of the objective lens. It
varies as the objective lens moves in and out for different sight lengths but is generally
considered to be a constant [3].

C=c+f. C is called the stadia constant although it varies slightly with c.

d= distance from the focal point in front of the telescope to the face of the rod.

D= C+d = distance from the center of the instrument to the face of the rod.

DU E—— . t, i
. ¢

b P f D d -

==

b . e (=

S o T P T e R o P DR S P ot S od A T

Figure (2): Principle of stadia, external-focusing telescope.

4. INCLINED MEASUREMENT

When collecting measurements using stadia as presented earlier, the requirement of having
horizontal sights is limiting in normal terrain. Thus, the stadia formulas need to be developed
for inclined measurements. In Figure (3), the geometric relationships of an inclined stadia
measurement can be seen. In this figure, the desired position of the rod is perpendicular to the
line of sight as shown by r'. Since it is impractical in the field to hold the rod in this manner, a
correction to the readings on the level rod r must be determined. From simple geometric
relationships, it can be shown that the altitude angle of the line of sight, o, is the same as the
angle between positions of r* and r. For small vertical angles, we can make the assumption that
the angle at the intersection of the upper wire line of sight and r' is 90°, and thus a simple right
triangle relationship can be developed between the reading on the rod r and the corrected
reading on the rod r' as :
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Making this correction to Equation (1), the slope distance between the instrument and the rod
is [4]:

S = KICOS(0) F € oo 4)

The Equation (3) can now be used to compute the horizontal distance between the instrument
and the rod as [5]:

H = KECOSH(0) F C oot (5)

Since theodolites and total stations read zenith angles, we can use the trigonometric
relationships of sin (a) = cos (90-a) to derive a similar equation for zenith angle reading
instruments as:

where z is the zenith angle of the line of sight. Similarly an equation for computing V is:

V =Kl cos(a) sin(o) = KICOS(Z) SIN(Z)  onvivviniei i (7)
Note that in Equation (6), the term C sin (o), or alternatively C cos (z) has been dropped since
for small altitude angle or large zenith angles the value of the trigonometric functions is very

small, and thus so is their product with C [4].

Using Equations (2) and (6), an expression for the elevation difference between ground at the
instrument station and at the rod can be derived as [5]:

AEIBV = hi V- MW (8)

\

O
0\
\
\

\
W

0

|
l
|
|
I
|
\
A
I
l
|
I
|
I
|
I
|
|
|
|
|
|
I

Figure (3): Inclined stadia measurement.
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4.1 STADIA TRAVERSES

In a transit-stadia traverse, distances, horizontal angles, and vertical angles are measured at
each corner. Reduction of stadia notes as the survey progresses provides elevations to be
carried from hub to hub. Average values of stadia distances and differences in elevation are
obtained from a foresight and a backsight on each line. An elevation check should be secured
by closing on the intial point, or on bench marks near both ends for an open traverse [1].

4.2 TOPOGRAPHY

The stadia method is most useful in locating numerous topographic details, both horizontally
and vertically, by transit or plane table. I n urban areas, angle and distance readings can be
taken faster than a notekeeper is able to record the measurements and prepare a sketch [4].

4.3 STADIA LEVELING

The stadia method is adaptable to trigonometric leveling. The h.i. is determined by sighting on
a point of know elevation, or by setting the instrument over such a point and measuring the
height of the horizontal axis above it with a stadia rod [2]. The elevation of any point can then
be found by computation from the rod intercept and the vertical angle. If desirable a leveling
circuit can be run to establish and check the elevations of two or more points [6].

5. PRECISION

A ratio of error of 1/500 can be obtained for a transit-stadia traverse run with ordinary care.
Short sights, a long traverse, and careful work may give ratios up to 1/100. Errors in stadia
work are usually the result of poor rod readings rather than incorrect angles. An error of 1 min
in reading a vertical angle does not appreciably affect the horizontal distance. The same 1-min
error produces a difference in elevation of less than 0.1 ft on a 300 ft sight for any vertical
angle [4].

6. MODELING THE STADIA MEASUREMENT

The stadia measurement is modeled by Visual Basic language as software named MSM
(Modeling the Stadia Measurements). The program is formulated and written by using Visual
Basic, Version 6. This version of the language is objecting oriented provided with
comprehensive tools to simplify the task of programming and to provide the programmer with
wide range of options for design of the user interface system. Figure (4) shows the flowchart
of this software.

The input data for each one of these forms and the link between these forms are described in
the following sections with the aid of flowcharts, which provide description for the logic and
the steps followed in the development of the program.

7. PROGRAM MENUS AND INPUT FORMS

In Visual Basic programming the term FORM is usually used to refer to the graphical area
appeared on the screen, which is used to hold objects that may be fields or tables containing
values, graphics or text boxes for input the required data values. The form interface is used
because most people are familiar with paper form. These forms are written in such away to be
are user friendly and allow the data input to the program interactively. When the program
(MSM) is run, the user presented with the form shown in figure (5).

This form displays program name and version, if the user select "Traverse and Leveling"” from
the main program menu interface displayed on the screen. The main Form of (MSM) also
contains the cases of plotting the traverse and the cases of the plotting profile, as shown in
figure (5).

The cases of plotting the traverse are classified into eight cases (number of sides =(3), number
of sides= (4), number of sides= (5), number of sides= (6), number of sides= (7), number of
sides= (8) ), as it is clear in figure (5) and the cases of plotting profile classified into five cases
(number of stations = (3), number of stations = (4), number of stations = (5), number of
stations = (6), number of stations = (7),), as shown in figure (6).
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MSM
Modelina the Stadia Measurements

v

v

Traversing

v

Eight cases are depended on
number of sides equal 3 or 4 or 5
or6or7or8or9or10.

'

Input Data for each case

v

v

Leveling

v

Five cases are depended on
number of stations equal 3 or 4
or5or6or7.

'

Input Data for each case

v

1. Points of traverse (p1, p2, p3 ......... ).
2. Sides of traverse (L1, L2, L3......... ).
3. Lengths of sides (S1, S2,S3 ......... ).

4.Known coordinates (EP1, NP1), Height Instrument
(H.I), Constant (K), Elevation of first point (Elev.pl)
and Midhhair.

5.The Azimuth of sides (Az1.Az2, Az3,.....).

6. The Vertical Angles of sides (Vanglel, Vangle2,

Vangle3 .......... ).
v

Output Data for each case

'

1. Horizontal and Vertical Distances for each side.

2. Difference in elevation for each side.

3. Adjusted elevation of the traverse stations.

4. Departures and Latitudes for each side.

5. Total correction for Departures and Latitudes.

6. Correction for Departures and Latitudes for each
meter from length of sides.

7. Correction for Departures and Latitudes.

8. Corrected Departures and Latitudes.

9. Adjusted coordinates (Easting and Northing).

'

Use Output Data (Adjusted
coordinates  (Easting  and
Northina)) and scale.

v

Plotting Traverse
I

1. Rod (Rod 1, Rod 2, .........), Stations (sta.l, sta.2,...... )
and Intervals (S1, S2, ....) for Backsight.

2. Rod (Rod 2, Rod 3, .........), Stations (sta.2, sta.3,...... )
and Intervals (S1, S2, ....) for Foresight.

3. Vertical angles (Vanglel, Vangle2, ......... ) for
Backsight .

4. Vertical angles (Vangle2, Vangle3, ......... ) for

Backsight .
5.Constant (K) and Elevation of point (TBM3).

v

Output Data for each case

'

1. Vertical Distances for Backsight.
2. Vertical Distances for Foresight.
3. Backsight.

4. Foresight.

5. Height Instruments.

6.Z,Q, and N.

7. Adjusted Elevation of stations.

A 4

Use Output Data (Adjusted
Elevation of stations) and scale.

'

Plotting Profile

End

Figure (4): Flowchart of work steps.
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Figure (6): The main page of Leveling.

7.1 TRAVERSING
Traversing design is described in eight cases of the following:
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Casel: number of sides = (3).
Case2: number of sides = (4).
Case3: number of sides = (5).
Case4: number of sides = (6).
Caseb: number of sides = (7).
Case6: number of sides = (8).
Case7: number of sides = (9).
Case8: number of sides = (10).
These menu items are described in the following sections.

Casel: number of Sides = (3)

If the user selects this option, the form shown in figure (5) is displayed on the screen. First the

user input information's the requirements of the first traverse and is listed below:

1. Points of traverse (P1, P2, P3)).

2. The sides of traverse (L1, L2, L3).

3. Lengths of sides (S1 S2, S3).

4 Known coordinates (EP1, NP1), Height Instrument (HI), Constant (K), Elevation of
first point (Elev.pl) and Midhair.

5. The Azimuth of sides (Az1, Az2, Az3).

6. The Vertical angles (Vanglel, Vangle2, Vangle3)

When the user input the required data as displayed in figure (7/a), the program begins the

calculation of the elements (Horizontal Distance for each side, Vertical Distance for each side,

Difference in Elevation for each side, Adjusted Elevation of the Traverse Stations, Departure

of Sides, Sum of Departures, Latitude of Sides, Sum of Latitudes, Total Correction for

Departures and Latitudes, Correction for Departure and Latitude for each meter from Length

of Sides, Correction for Departures, Correction for Latitudes, Sum Correction for Departures

and Latitudes, Corrected Departures, Corrected Latitudes, Sum Corrected Departures, Sum

Corrected Latitudes and Adjusted Coordinates (Easting and Northing of Points)) as shown in

figure (7/b).
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Calenlation | Comlatl |
NumDops |
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Plotting Traverse | T |
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Figure (7/a): Traverse (3 Sides).
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&, Traverse (3 sides)

Input Output
Points of Traverse The Sides of Traverse Horizontal Distance for each side
Pl [x Ll B Hiistancel  [324 357174162038
- L2 Be Hiistance2  [621 186756317448
B¢ L3 ca Hdistance3  [508.272472028533
Lengths of Sides o Sumbdistances [1454. 41640449802
51 ’T m HI IT Vertical Distance for each side
52 fza  0m K 100 Alphal B 7ssIEEE
3 T Mithair |15z Alpha? [41 803REAA030Z74
Known Coordinates HePl [300  m s AT ETE
Difference in Elevation for each side
2l L DEL 7R
NE1 [ DE2 (a1 Bn3easA0G0Td
The Azimuth of Sides DE3 ,m
Azl fae g 16 g 0 Adjusted Elevation of the Traverse
Az2 ’T deg IF min ’T sec ST
a3 R g, o L 0 . AQjElevP?  [32576451635612
The Vertical angles AdjElevP3 ’m
Vanglel IT deg ,r min ,F sec MJ'HM: ,ﬂ(ﬂwck
Vangle2 IT deg ,F min ,F sec Denl . i
Vangled Iz_ deg ,T Hiin ,F sec * ,m
Dep2 [155. 182635966232
‘ Calculation | Dep3 -508.21871295393
: i SumDeps  [281053191646234
Latitude of Sides
Back | Next | Ll (1S90
. Lai2 [E01 490877844725
Plotting Traverse | Lai3
[7 29206E54045362
Save SumLats  [535 257652679774

EEX

Total Corvection for Departures and ~ Adjusted Coordinates (Easting and

Latitudes
TCDeps  [251053191848234 CorrEP2
TClats |53 7escerard | ContEP3
Correction for Depariure and Latitude  CorrEP1
for each meter firom Length of sides CorNP?
KD 1.93241214124807E-( CorrNFF
KL ’m CorzNP1
Correction for Depariures

CorrforDepl |5 27951185717053
CorrforDep2  |12.0038353375517
CorrforDep3  |3.52191296010107

Correction for Latitudes
CorrforLatl  [133667439115728
CorrforLat?2  |-255 515110697395
CorrforLat}  |-209,072102756645

Correcied Departures
CorrDepl ’m
CorrDep? ’m
CorrDep3 ’m

SumCorrDeps lﬂi
Correcied Latitudes
CorrLatl -129.508333840225
Comlat?  [345 372767147327
Comlatd  [216.464368307102

SumCorrLats |

Morthing)
(531 21006372503
[698.396794028679
[2000 Check
[70.4316011657747
416 46436830712
[2000 Check

Figure (7/b): Traverse (3 Sides) Input and Computation [4].

The results of all elements (Horizontal Distance for each side, Vertical Distance for each side,
Difference in Elevation for each side, Adjusted Elevation of the Traverse Stations, Departure
of Sides, Sum of Departures, Latitude of Sides, Sum of Latitudes, Total Correction for
Departures and Latitudes, Correction for Departure and Latitude for each meter from Length
of Sides, Correction for Departures, Correction for Latitudes, Sum Correction for Departures
and Latitudes, Corrected Departures, Corrected Latitudes, Sum Corrected Departures, Sum
Corrected Latitudes and Adjusted Coordinates (Easting and Northing of Points)) are saved in a
text file as shown figure (7/c). Following that the transition traverse design process is
considered completed the program enabled the user to go to the design of the next traverse in
the alignment irrespective of its case (3 sides or 4sides or 5 sides or 6 sides or 7 sides or 8
sides or 9 sides or 10 sides) or can exit the traverse design if it is the last traverse in the

alignment.
File Menu

The menu items available under the file menu are Open, Save as, Save, Close, Print, and

Exit.

When ""Open™ is selected, an existing design text file can be selected to open and made

available to the user for seeing the calculated results or edit an existing file as shown in figure

(7/d).
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o When "'Save As™ is selected, a new file is created. The current file is then copied to the
new file on the disk or location specified by the user.

o When ""Save" is selected, an edited open file can be saved at any existing disk drive as
shown in Figure (7/e).

o When "Close™ is selected, to close opened text file.

o When “Print” is selected, to print text file.

o When "EXxit" is selected, the program terminates, and the user is returned to the
operating system level.

=, Farmz6 N =1]E

File  Edit  Forrat

Horizontal Distanos lor eack side
Hdiztmncm onm =324 9571 74152038
Hdistarnoe bwo =E527.18575831 7448
Hdiztmrcm threm=504 87 22259585399
rertioal Distance for each side
Alphe onm =25 76491635613
Alpha o =47 803683803027 4
Adphe threm=-45. E508320694 86
Drifference ik Elevation for each side
onm =25 7491 E35E1 3
DE two =47 B0368928030274
DE thrmm=-45 ESO83208948E6
Drepartune of Sides
Dmparturs orm =324, 53D557EE7525
Drapartune by =155, 78283596652
Dmparturs threm=-504, 81 EEEEEEBEEE
SumnD epartiiies =24 FOG3IZ7H242905
Latitudm of Sidmx
Latituide o =41 5304027550285
Latitucls bvwo =601 . 490877844725
Latituide thiee =7 34287 2697 36847
Sumbmtitudex =598, 3071 05428859
Total Cormection for Drepariuies and Latiiudes
TCOmpx =24, FOS43275242095
TCLaks =98, 3071 05428852
Diffmrance in Elevation for mach xicds
TCDeps =24, FOG43275242905
TCLatx =598.3071 05428859
Correotion for De[:h.arturae and Latitudes for eack meter from Lenoth of Sides
KO =1, 70262 FE248E-02

KL =-0,47 2336624891 276
Cormction for Departurss
CorforDepn] =5 153287 7571330711
Conforlemp? =10 5765105337896
ConforDens =2 5351 0470033882
Cormction for L-tltud-x

Latitude of Side

Corforlatl =-1 33.591 Fad4424058
Corforlats =-2155.138057 257 763
Corforlatd =-208.1 77309653032

Figure (7/c): The Result of the Output.

Open l"? |f§"<_|
Look n |3 DCPMSM ~|  a= E e mme
-~

My Rocont
Documents
>
Dwxltop
Ll
My Documents
8

My Computer

g e e | =1 o]

My MNmtwwork Files of lype | Vst Filas (™ 11 ) ~ Cancel
Places ——

I Opean as jead only

Figure (7/d): Open file dialog box.

Gave i | s DEFMSM ~| @= D ey -

~
L=
Py Mt
Cravccimmnts
| =
Ehmwbotog

Myt Soeurmmet s

Py Coarmpatme

-_,‘d Pl e | - [ 6 ave |

PG Mt Gmvm ae o | Vst Filmw(™ 1547 = | oyl |
Places

Figure (7/e): Save file dialog box.
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Case2: number of Sides = (4)

If the user selects this option, the form shown in figure (5) is displayed on the screen. First the
user input information's the requirements of the second traverse and is listed below:

1. Points of traverse (P1, P2, P3, P4).

2. The Sides of traverse (L1, L2, L3, L4).

3. Lengths of sides (S1, S2, S3, S4).

4 Known coordinates (EP1, NP1), Height Instrument (HI), Constant (K), Elevation of
first Point (Elev.pl), Midhair.

The Azimuth of sides (Az1, Az2, Az3, Az4).

6. The Vertical angles (Vanglel, Vangle2, Vangle3, Vangle4).

When the user input the required data as displayed in figure (8/a), the program begins the
calculation of the elements (Horizontal Distance for each side, Vertical Distance for each side,
Difference in Elevation for each side, Adjusted Elevation of the Traverse Stations, Departure
of Sides, Sum of Departures, Latitude of Sides, Sum of Latitudes, Total Correction for
Departures and Latitudes, Correction for Departure and Latitude for each meter from Length
of Sides, Correction for Departures, Correction for Latitudes, Sum Correction for Departures
and Latitudes, Corrected Departures, Corrected Latitudes, Sum Corrected Departures, Sum
Corrected Latitudes and Adjusted Coordinates (Easting and Northing of Points)) as shown in
figure (8/b).

o

= Traverse (4 sides) E@@
Input Output
Points of Traverse The Sides of Traverse Horizontal Distance for each side Latitude of Sides CortDepd |
no[ L1 |— Heistancel | lai [ SumComDeps [
[ L2 — Histance? | La — Corvected Latitudes
P3 ’— L3 ’— Hdistance3 '7 Lat3 '7 CorrLatl ’7
Mmoo L4 |— Hiistanced | latl  cemla [
Lengths of Sides Knowns SumHdistances [ Sumlats [ Cormrlat3 |
51 ’— m HI l— Vertical Distance for each side Total Coxrection for Departures and CorrLad ’7
2 [ m K [ Alphal — Latitudes SumCortlats |
53 [ m  Midhair [ Alpha? — LEDer Adjusted Coordinates (Easting and
$4 [ m  HePl [ m | Aph R e Northing)
S— [ [—— e [
. . . . orT] r—
I?:l [ Dl.:;ence in Elevation for each side ED EE— ContEpa
The Azimuth of Side DE2 = CorrEP1 Check
HHUES § Correction for Departures CorxNP2 ’7
Azl l_ deg l_ min l_ sec DES CorforDepl [ T
a2 l_ deg l_ nin l_ sec DEL CorrforDep2 '7 CorrlNP4
a3 [ irg o e Adjusted Elevation of the Traverse (oo E— ore
] l_ teg ,_ . l_ o . station ComforDepd CorrNP1 ,—Check
AfjEle®2 [
The Vertical angles AdjEleP3 '7 Correction for Latitudes
Vangle L e = S e sifleps [ (Comfrad
Fangls? BN TR Aot N P AGElPl [ Check CoTrlaf -
fane ey l_ deg ’_ Tin ’_ sec Depariure of Sides Ceniiriall ,7 e
Fangled R deg ’_ in ’_ sec Depl — Cinsailly
Corrected Departures
Calculation | Dep? w0
Dep3
Back Next Depd — CorrDep2
Plotting Traverse | SumDeps e

Figure (8/a): Traverse (4 Sides).

The result of all elements (Horizontal Distance for each side, Vertical Distance for each side,
Difference in Elevation for each side, Adjusted Elevation of the Traverse Stations, Departure
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of Sides, Sum of Departures, Latitude of Sides, Sum of Latitudes, Total Correction for
Departures and Latitudes, Correction for Departure and Latitude for each meter from Length
of Sides, Correction for Departures, Correction for Latitudes, Sum Correction for Departures
and Latitudes, Corrected Departures, Corrected Latitudes, Sum Corrected Departures, Sum
Corrected Latitudes and Adjusted Coordinates (Easting and Northing of Points)) are saved in a
text file. Following that the transition traverse design process is considered completed the
program enabled the user to go to the design of the next traverse in the alignment irrespective
of its case (3 sides or 4sides or 5 sides or 6 sides or 7 sides or 8 sides or 9 sides or 10 sides) or
can exit the traverse design if it is the last traverse in the alignment.

w. [raverse (4 sides)
Input

Poinis of Traverse

The Sides of Traverse

Pl F L1 lr
n B 12 BC
I 13 o
Pd |1)7 14 lr
Lengihs of Sides Enowns
51 far m HI 152
52 5.24 m K 100
53 5.09 m Midhair 152
54 11 m HePl [og  m
Enown Coordinates
o0 ST
NP1 |m7
The Azimuth of Sides
Azl lF deg ’? min ’F SEC
Azl IT deg ’? min ’F seC
Azl lF deg ’r min ’F 58C
Axd lF deg ’r min ’F 58C
The Vertical angles
Vanglel ,T deg ’? Hiin ’F 5eC
st ,T deg ’r min ’F sec

Vangle3 ,'s_deg ’Vnﬁn’Fsec
Bl ,':_deg ’Tm.m Wsec

Back Next
Plotting Traverse |

Output
Horizonial Distance for each side
Hdistancel  [324.957174152038
Hdistance2  [621.186758717448
Hdistance3  [505 03005174651
Hdistanced  [510.1266B0568631

SumHdistances |2051 30066473453

Vertical Distance for each side

Alphal 2576437636813
Alpha? [41.8036838030274
Alpha} |-44.7765317851198
Alphat [-23.0832295343819
Difference in Elevation for each side
DE1 [25.76491635613
DE2 |#1.6036898020274
DE3 |-44 7765317851198
DE4 [-23.083229534389

Adjusted Elevation of the Traverse

station
AdjFlevP2  [325.76491635613
AdjFlevP3  [367.568606159157
AdjFlevPd  [322.792014374038
AdjflePl  [300 Check
Departure of Sides

Depl [324 930557837925
Dep2 [165.182836966232
Depd [504.976E35651 754
Depd [29.4500114780522

SumDeps

4 5867963045401

LEX

Latitude of Sides CortDepd  [z509z3604243377
Latl [415904027550286  SumCorrDeps [0
Lai? [601.4908776844725 Corrected Latitudes
Lai} 7 3451080943246 CorLatl |5 91060497934983
Laid 503 415509456101 Corlat?  |504 839161518036
Sumlats  |-11.1106334301381 Corrlatd |4 62792534629767
Total Correction for Depariures and CorrLad ,m
Latitudes SumCorrLats ,07
TCDeps  |-45O676363045400  pgjucied Coondinaies (Fasting and
TCLats  [11.1106334301381 Northing)
Corvection for Departuve and Latitude ~ CorrEP2  [524.2074633905261
for each meter from Lengih of sides CoreE3 ’m
KD 2 23518223333935E - ComEP4  [171 GureaTETERE
KL BI04DIEEIBEE D g 20 Check
Correction for Departures CortNP2 ’m
CorrforDepl  |.0.723088932654006 ComNP3  [G10 745700457386
CorrforDep2  |-1,39225374229351 CotNP4 (3612604115163
CorrforDep}  |-1.123733901782 CorrNP1 20 Check
CorrforDepd |1 3576430537149
Correction for Latitudes
CorrforLatl |1 75156470444698
Corrforlat?  [334528367331133
Cortforlat} |2 7221807480679 Sa_[ve
Corrforlatd  [328356830441295
Corrected Departures
CortDepl  [324.207468905261
CorrDep2  [153.800582223938
CorrDep3 ’m

Plot

Figure (8/b): Traverse (4 Sides) Input and Computation [4].

ting Traverse

When this option is selected the figure shown in (8/b) presented to the user. The user has to
input the following information:

Corrected Easting of points (EP1, CorrEp2, and CorrEp3,..........ccooviviiiiiiiininnnn.. ).
Corrected Northing of points (NP1, CorrNp2, and CorrNp3,.......c.cevviiiiiiiiininnnnn, ).
Scale (S).
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When these data are input the computer program and when the user selects "plotting
traverse™ button to begin by drawing the points are illustrated in the below figures

(9/a),(9/b),(9/c),(9/d),(9/e),(9/1),(9/g) and figure (9/h) . The program output result is saved for
later use by the user in a text file.

= Flottinge Tiaverae (3 Poinis)

=1
Cormrected Easting of Points Cormrected MNorthing of Points Scale
EF1 [1ooo MNE1 [Tooo Hanas [1s00
ClorrEP2 (1306 985 Clarr P2 1658, 998 Vnax 1200
ClorrEPE [8a7 694 CorrMNPE [127z 838
B
ﬁ || Plotting Traverse |I
—
[
Back
’
A

Figure (9/a): Plotting Traverse (3 points) Input and Plotting.

- Platting Traverss (<4 Poin in}

=[P 5=
Clovrected WMagting of Points Clorrected M aorthing of Poinks Bl
(T LY | IREEISIES raEE 1 IRIEISIES AR [1a00
Corrhe |1 208 027 CorrHea [1aGe 025 Wanmn |1 500
e P R |07 ans Clap o TIER EECREEE
e R [GEE, = 5m e T A [ W Tom
e ™
—_— -
e - Floidinge Trmavenrses |
" o
o o
A
X o Baclc
i 5

Figure (9/b): Plotting Traverse (4 points) Input and Plotting.

= Pt Rottiongy | rossens (5 Pointnd

[ 1IF ]
Clopvectied Hasting of Poinis Cloprecied Movilng of Poinis el
[Fooo rEr L [Moon Ianvian |1 =00
IEREETENTEE Clanre T3 IT4EE . Sa& Vann 4
EriBEL] e TS EEENREE)
‘EELR-F3 o TR A |Eom mms
e # . Clara T [ s

7" =
-_-_-__-_- “ Floidinngs "Tswve s o |]
ﬂ _-_-_-_-_I_:I:I_-_-"-- e |

Figure (9/c): Plotting Traverse (5 points) Input and Plotting.

3722



A. Th. Ibraheem Developing a computer program for modeling
A

. M. Daham the stadia measurements for tacheometry
works
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orremcted Hamting of FPoints Clorrected MNorthing of FPoinis e mle
(RNEISTS] TE 1 RNEISTH] T IRLETSTE]
ERETEEE] [T o e ] [ Az a0 W oanna |4 i
la et e R [Fe# A
[aEa, 7oy L lavim cma
[Fai @98 g aa T ICEEREETH
Clipna B ERE-EN=R]Y Clap a1 | EinG, = G

" Plﬂtﬂ.‘l‘l! ECERR e e I

EE LS B |

Figure (9/d): Plotting Traverse (6 points) Input and Plotting.

= Flotting Traverss (F Poinis) =1l
Corrected Easting  of Poinis Corrected Novihing of Points Henle
IRIEIRTE] 1ol | IRIRIRIES Hmnw 1 w0
EERE T T3 [TarzEaa Vo R
EIERLT e e TR EEINCEE]
|&ad a6 Tl it |287 G52
[EIERRE R ] Cara TS ICEEREEF
EEERTTE] Caer TR [=14 man
[#17 mvra o TIET [Ema 704

|| Plodiing Traverss |]

ey B
._____.-""-/ Emcic |

o

Figure (9/e): Plotting Traverse (7 points) Input and Plotting.

= Bloiiing Traveras (0 Poinie)

Covvected Basting  of Poinds o ted Poctling of Poioais Bl
(R TR 1 R asamn REEC]
oo a7 e EEECREE Vo |4 #En
FETENETT DT E [Fra e
REL T4 e PR [=FF o
T P (B a7
e s oy CorsTar e S0 oAy
[4Ew oo i T [GEF. 3=n
[Gao aoa e TR [aaz ana

] Pllull'-l:l.rl.m R RET R T I

o EE TS S |

Figure (9/f): Plotting Traverse (8 points) Input and Plotting.
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= Platting Tiawveree (% Pointa)

Corrected Eansting of Poimnts

wr [Tooo
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Corrected Northing of Poinds
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Canwe T R [7o&. 7.
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Figure (9/g): Plotting Traverse (9 points) Input and Plotting.
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|| Plotting Traverss ||

Back |

Figure (9/h): Plotting Traverse (10 points) Input and Plotting.

7.2 LEVELING

Leveling design is described in five cases of the following:

agrownE

Casel: number of Stations = (3).
Case2: number of Stations = (4).
Case3: number of Stations = (5).
Case4: number of Stations = (6).
Caseb: number of Stations = (7).
These menu items are described in the following sections.

Casel: number of Stations = (3)

If the user selects this option, the form shown in figure (6) is displayed on the screen. First the
user input information's the requirements of the first leveling and is listed below:
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orwbpPE

Stations (Stal, Sta2), Rod (Rod1, Rod2) and Interval (S1, S2) for Backsight.
The Vertical angles (Vanglel, Vangle2) for Backsight.
Stations (Sta2, Sta3), Rod (Rod2, Rod3) and Interval (S2, S3) for Foresight.
The Vertical angles (Vangle2, Vangle3) for Foresight.
Known Elevation of point (TBM2) and Constant (K).

When the user input the required data as displayed in figure (10/a), the program begins the
calculation of the elements (Vertical Distances for Backsight, Vertical Distances for Foresight,
Elevation of the Stations, Backsight and Sum of Backsight, Foresight and Sum of Foresight,
Height Instrument, Z, Q and N) as shown in figure (10/b).

| | eveling (3 Stations)

Input
Backsight
Station Rod Interval
sal [ Rll [ & SI [ &
s [ R [ & 2 [ #
The Vertical angles
Vagel [ o | min | s
Vangle? ’_ deg l_ min ’_ 5eC
Foresight
Station Rod Interval
s [ Rl [ f 2 [
sm3 [ Rs [ & §8 [
The Vertical angles

Vanglel I_lleg ’_mm ’_sec
Vangle3 I_dzg ’_mm ’_sec

Knowns
K *
HeTBM2 [ # Calculation

Save

Qutput
Vertical Distances for Backsight
Vil R
V2 D
Vertical Distances for Foresight
V2 D
Vi3 .
Backsight
BS1 [ f
B2 [ #

SmBS | Check

Z= (SumBS$ - SumFS)

=BX

Q = Elev Final point (TBM3) - Elev First Point (TBM2) Check

N=(Z-Q)

Back

Height Instrument
HIl fi
HI2 fi
Elevation of Stations
ElevTF1 fi
ElevTF2 fi
Foresight
F52 fi
F53 f
SumFS [ Check
Check
Check
Next

Plotting Profile |

Figure (10/a): Leveling (3 Stations).

The results of all elements (Vertical Distances for Backsight, Vertical Distances for Foresight,
Elevation of the Stations, Backsight and Sum of Backsight, Foresight and Sum of Foresight,
Height Instrument, Z, Q and N) are saved in a text file. Following that the transition leveling
design process is considered completed the program enabled the user to go to the design of the
next leveling in the alignment irrespective of its case (3 stations or 4 stations or 5 stations or 6
stations or 7 stations) or can exit the leveling design if it is the last leveling in the alignment.
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ui [ eveling (3 Stations) Q@@
Input Output
Backsight Vertical Distances for Backsight Height Instrument
Station Rod Interval vl DoRmmiaeaE R HIl [141048339192069  f
Sl Mz  Redl g5 &SI [ g Vil2 ®IT5E099e f HR 146309667032920
Sl - P1 Rz fas 82 i f Vertical Distances for Foresight Elevation of Stations
The Vertical angles V2 504107089060 EeTPl  [1431 52086281527 &
el ’F deg ’F min |F see vi3 BN R EevTF2  [152055489156247 &
Vangle2 ’Tdeg ’ijnlfsec : 3
Backsight Foresight
Foresight BS1 T RE R Fs2 -213410708905804 &
Station Rod Interval BS?  [momoisosEm & F$  [sremaniazmot R
S 1 Rl f3 R 82 e f SumBS  [24.955607438647% Check SumFS  [78733284123822 Check
S}  [M3  Red3 fp2 £t SF [sp4
Z= (SumBS - SumFs) 103.75489156247 Check
The Vertical angles

(0 = Elev Final point (TBM3) - Elev Fivst Point (TBM2) [10275489156247 Check

Vangle2 ’1_ deg ’F min ’F sec N=(Z-Q) ’Ui(jheck
Vangled .5 deg ’T min ’F sec
Knowns
K 100
ElevTBM? [14158 i Back Next

Plotting Profile |

sSave

Figure (10/b): Leveling (3 Stations) Input and Computation [4].

Case2: number of Stations = (4)

If the user selects this option, the form shown in figure (6) is displayed on the screen. First the
user input information's the requirements of the second leveling and is listed below:

1. Stations (Stal, Sta2, Sta3), Rod (Rodl, Rod2, Rod3) and Interval (S1, S2, S3) for
Backsight.

2. The Vertical angles (Vanglel, Vangle2, Vangle3) for Backsight.

3. Stations (Sta2, Sta3, Stad4), Rod (Rod2, Rod3, Rod4) and Interval (S2, S3, S4) for
Foresight.

4. The Vertical angles (Vangle2, Vangle3, Vangle4) for Foresight.

5. Known Elevation of point (TBM2) and Constant (K).

When the user input the required data as displayed in figure (11/a), the program begins the
calculation of the elements (Vertical Distances for Backsight, Vertical Distances for Foresight,
Elevation of the Stations, Backsight and Sum of Backsight, Foresight and Sum of Foresight,
Height Instrument, Z, Q and N) as shown in figure (11/b).
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Input | | Output
Backsight Vertical Digtances for Backsight Height Instrument
Station Rod Interval val T HIL P — 1
Stal | Rodl | 81 [ ft vaz 1 ® 2 I ol
Stz | Roaz | 52 [ [ V&) — HD E—
Wiy B Sa) l m ] 8 Vertical Distances for Foresight Elevation of Stations
The Vertical angles vaz [T ElovIPl [T
Vanglel [ qeg I im0 ke Va3 ] m Blevi?? | T
Vangle |  dog [ min | noe Vi [ | ElovIT) o
Vangled - [T g T min T o Backsight
Foresight Bsl [ n
Station Rod Interval n&2 | ft
Sz [ Rea2 [ = | | EE) [ f
Smd | Rodd | 83 [ fit SumBb8 | Check
Sad [ Remd [ s4 [ Foresight
The Vertical angles Fs2 |— R
Vangle2 [ e |_ o ]'_ R FN) T
Yangled l oy l min I weo Th4 I i
Vangled [ P il e Sum¥FS | Check
RS Z= (SumBS . SumF§) [ Check
® — Q = Elov Final point (THM4) - Elev Flest Polnt (THM3) | Check
e . Calculation | N-Q [ Cheek
Back | Next
saye Plotting Profile

Figure (11/a): Leveling (4 Stations).
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= Leveling (4 Stations)

Input Output
Rt Vertical Distances for Backsight Height Instrument
Station Rod Interval vl 228339192868951 & HI1 1410.48339192869  ft
Sal - [Bus Rodl — Jo-6 St s u vaz B HI2 1463 0ope7aazazs R
Stz TPl Rodz — Jas 52 6.32 f Va3 5.99608345001652 i HIY 1503.55880210245 i
Stad TF2 Rod? 10 53 3.88 ft Vertical Distances for Foresight Elevation of Stations
ESNERE riieallan =l e vz A5.0410703305304 & ElevTP1 1431 52446251927 #t
Vanglel [0 4. 5 g 00 Va3 Eooteniioiazaz | # ElevTP2 1520 55489156247 ft
Vangle?  [3 gog B min PO e V4 1.91344439266929 £ ElevTF3 151047224645512  #
Vangle3 "1— deg lF Tiin lF Sec Backsight
Foresight BS1 5.316B0B07131049 £
Station Rod Interval BS2 3.2722155099553 fi
Sta? |10 Red2 g3 82 4.62 fit BS3 -16.9960394E0016E £
Sa3 [z Rel3 |2z S3 504 fi SumBS [7.6595179786313 Check
Stad  [TBM4 @ FRodd s s4 [s06 A Foresight
The Vertical angles Fs2 -21.3410708305004  fi
Vangle2 |1 g0 B2 i 00 e FS3 57.458213233242
Vangle} 6 g [0 g 00 . Fs4 £.31344433266383  ft
Vangled [p deg 13 i 00 e SumFS [85712728516492 Check
— Z=(5umB5 - SumF5) |33.672246435123¢ Check
K [wo Q = Elev Final point (TBM) - Elev First Point (TBM3) [33,672246435123 Check
HeTEM3 [aisg & Calculation N=(Z-Q) 0 Check
Back Next
Save .
_ save_| Plotting Profile |

Plotting Pro Figure (11/b): Leveling (4 Stations) Input and Computation [4].

When this option is selected the figure shown in figures (10/b) and (11/b) presented to the
user. The user has to input the following information:

. Distances (D1, D2, and D3,........ouiitiiii e ).
. Elevation of Stations (ElevTBM2, ElevTP1, and ElevTP2,..............ooooiiiiiiinn.l. ).
o Scale (S).

When these data are input the computer program and when the user selects *'plotting profile™
button to begin by drawing the points are illustrated in the below figures
(12/a),(12/b),(12/c),and figure (12/d) . The program output result is saved for later use by the
user in a text file.

= Plotting Profile (3 Stations) |'- ||t |M|
Dristances Elevation of stations Scale
Bl [100 Elev THM2 {416,000 Hmun [1000
N2 [200 Flev'TT 1 [14291 B2 Ymunn | 2000
Da (300 Elav'TP2 1620 Bhn

Plol:u.uﬁ Profile |

Back |
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Conclusions:

From the results obtained in research, the following conclusions can be made:-

1. The stadia measurement is modeled by Visual Basic language as software named MSM
(Modeling the Stadia Measurements). The program is formulated and written by using Visual
Basic, Version 6.

2. The software that were developed in this research has been tested by performing the stadia
measurements method and proved to be efficient.

3. The solutinn nrnhleme nf travarcinn and levelina in maniial methnd ic mnre Comp|ex if
compared to  Figure (12/c): Plotting Leveling (5 Stations) Input and Plotting.

4. The developed program (MSM) needs less time as compared to the manual method in order
to solve the problem.

References Figure (12/d): Plotting Leveling (6 Stations) Input and Plotting.
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THE USE OF DENTAL RADIOGRAPHIC IMAGE ANALYSIS IN
IDENTIFICATION OF DECEASED INDIVIDUALS

Hana' S. Basheer® and Ahmed A.H. Hindy**

* Institute of Laser for Postgraduate Sstudies/ Baghdad University
** Oral and Maxillofacial Dept./College of Dentistry/ Babylon University

ABSTRACT:

Dental records recently used in forensic medicine to help in human identification, based
mainly on radiograph images. The aim of our study is to automate this process. using image
analysis and pattern recognition techniques.

Postmortem radiographs, including dental radiographs, with a database of ante mortem
radiographs searching, in order to get the closest match with respect to some distinct features.
Contours of teeth are used as the feature for matching, since they remain more invariant over time
compared to some oth~r features of the body. The work includes two stages: radiograph
segmentation, with pixel classification, and contour matching.

Probability model is used to describe the distribution of object pixels in the image.

Results of retrievals on a database of over 40 images are encouraging.
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INTRODUCTION

The main purpose of forensic dentistry is 1w identily deceased individuals. for whom other
cues of biometric identification (e.g., fingerprint. face, ete.) may not be available. In forensic
dentistry, the postmortem (PM) dental record is compared against antemortem (AM) records
pertaining to some presumed identity. A number of distinctive features are noted for each individual
tooth. These features include properties of the teeth (e.g.. tooth present/not present, crown and root
morpholog:, pathology and dental restorations). periodontal tissue features, and anatomical
features. Depending on the number of maiches, the forensic expert rejects or confirms the tentative
identity. There are several advantages for automating this procedure. such as automatic process will
be able to compare the PM records against AM records pertaining to multiple identities in order to
determine the closest match, and also, an automatic {or semi-automatic) system can perform
identification on a large database (Jain and Chen, 2004), while a manual (non-automated) system is
uscful for verificarion on a small data set. For the automated identification. the dental records are
usually available as demtal radiographs. Different procedures had been used in this work to
determine the best image analysis, such as using canny edge detector, with Gaussion smoothing
operator for filtering to deal with problems for finding the true boundaries of objects in the image
(Hollman, 2007), and for the contour Extraction the self organizing map (SOM) based approach
called the batch-SOM (BSOM) had been used (Kinouchi et al., 2002). Those to get the best image
object to be matched with image objects saved early in a database

METHOD:

The method is to extract the shape or features of the tooth in the radiographic image, then try to
us¢ certain mathematical way for the purpose of matching the extracted features with other
radiographic images. The feature extracted is the tooth contours. The feature extraction stage
consists of the radiograph segmentation and the contour extraction. Since the image is available as
radiograph, meaning that we are dealing with gray levels in the image. A probabilistic method is
introduced to automatically find the contours of teeth. This automated dental identification system
consists of two main stages; Feature extraction and Feature matching.

To reduce the images that have similar features, human experts must be taken into concern. The
main stages for image processing used in our work shown in Fig.1.

Choosing the image (tooth that needed to be recognized)

'

Feature Extraction (work with boundary of the tooth image
edge)

v S

Shape Matching (using contours extracted of the image with
the images saved in a database)

w

Result of the most similar image feature

Fig.1: Procedure sequence of the image processing.
During feature extraction stage, certain information and type of mapping equation called
intensity level slicing with many processing methods are considered:
a) Image transformation. image segmentation method and edge detection (Umbaugh, 1998).
b) The Use of morphological filter (Hoftman, 2007).
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¢) Contour extraction (tooth contour extraction) (Langlais and Kasle, 1983).
In this work we used morphological filter depending on Gaussion filter. Also the work with contour
extraction had been done by using self organizing map (SOM).

At the feature matching stage. the query image is compared with that stored in our suggested
database. A matching score is computed to measure the similarity between the two objects (the
tooth) in the given radiographs (Jain and Chen, 2004).

- FEATURE EXTRACTION:

Radiographs arc images consist of different gray levels histogram with different pixel
intensities. The aim is to extract the Area of Interest (AOQI). This can be done by extracting the
boundary o the tooth image edge with an ordinary edge detection operation. The steps of image
processing that had been chose to be used are shown in Fig.2.

; F .'
: R | !
! Transform o ,
. : Spectral information T | Feature :
//]m b Pmccssmg : . A extraction :
image i . ¢ e ———
\_‘q___::___,,/’ + | J Segmentation — R !
! Spatial information :

L | Application | 4{ Feature analysis ———

Fig.2: A frame work of image processing and analysis (Umbaugh, 1998).

A. Image Transformation, Image Segmentation and Edge Detection:

This is designed specifically to find lines. The line is a collection of edge points that are
adjacent and have the same direction. Hough Transform is an algorithm that will take a collection of
edges points that found by edge detector and find all the lines on which these edge points lie. The
advantage of this method is reducing the search time in finding lines, In order to understand Hough
transform; we consider the normal representation of a line. p is the distance from the origin to the
line along a perpendicular line.

p=rcos(@)+csin(@)...........(1)
Where:
rirow, ¢:column, and @ is the angle between the r-axis and p -line. Figure 3. shows the line
definition of o, 1, @, and ¢

W (7
]
(a}

(b)

Fig.3: (a) Hough transform (Umbaugh, 1998), (b) Collection of edge points
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The goal of image segmentation is to find the area that represents objects; our Area Of
Interest (AOI) is the teeth in the radiographic image. Since we are dealing with gray levels image.
we will use boundary detection segmentation. which means; finding of boundaries between object
and the background in this work. Starting the work by marking points that may be part of the object
edge using Hough transform algorithm. these points merge into line segmentation, where then
merge into object boundaries. Here Canny edge detector was used (Deriche, 1987), threshold the
results by considering the histogram of the image for the edge detection. We merge the existing
edge segmentation into boundaries; this is done by edge linking (connecting the points that past the
threshold test with maximum distance).

B. Morphological Filter:

This will simplify image segmentation facilitating the search for objects of interest; this is
done by sroothing out object outlines, filling small holes, and eliminating small projections
(Umbaugh. 1998). In this paper the Gaussion smoothing operator used is a 2-D convolution
operator to remove detail and noise from the image. This sense is similar to the mean filter, but it
uses a different convolution such as Kernel matrix that represents the shape of a Gaussion bell
hump. (Hotfman, 2007)

In 2-D (circularly symmetric) Gaussion has the form
G(x,y)=1/(2n6?) * exp {- " +y) 1 267)} vovvven .. )

Where o is the standard deviation of the distribution. In Fig.4 the signal flow for a general
sharpening filter can be shown, where low-pass filter can be established by a Gaussian bell

0.2.

Low-pass 0.15-
filter 0.1

Fig. 4: (a) Frame work of using Gaussian distribution, (Hoffman, 2007).
(b) 2-D Gaussian distribution.

Where C is the input value in gray level, D is the sharpened value of the same input, and
D = [K~(K-1)G{x, y)]C, the factor K=1 (no sharpening) or K=2 (sharpening) or K=1.5 (less
sharpening), and G(x, y) executes the averaging by Gaussian bell using the equation (2)

C. Contour Extraction:

Extraction of boundaries (or contours) of objects from the images are needed for shape
description, leading to object localization and recognition, but the conventional edge extraction
techniques. being sen<itive to image noise and intensity variations, often do not give us the true
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boundaries f objects in the image. In order to deal with such problems, a Guassian filter (Hoffman.
2007) with the edge-linking technigues had been used.

In this work the object that had been deal with is a single tooth radiograph images. Our goal is
lo extract the tooth (object) from the backeround of the image which has different intensitics, -

The tooth has two main parts. the crown. which is above the gum line. and the root which
available in the bone below the gum see Fig. 5. Due to the over lap of the tooth root with the image
of the jaws the root is not visible as the crown in the radiograph due to the difference in tissue
density. The length of the tooth crown is (L/3) from the total length of the tooth, so we can have a
crown extraction and root extraction. (Langlais and Kasle, 1985)

iy
o
- 1"‘“
i '.%
Azt - S e

Fig. 5: Radiographic image of the tooth (two parts crown and root)

Based on the segmentation output, an enclosing rectangle that tightly fits the segmentation
arca (AOI) is constructed for the tooth. a point inside the rectangle. which will be used in shape
extraction, is chosen and a mark is signed as the crown center C. This can be done since the
distance of C to the top of the rectangle is one third the length of the (ROI), and the distance of C to
the other two sides are equal (W/2) see Fig. 6 (Jain and Chen, 2004).

Root

Fig. 6: describe of (R10) and the crown center point
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From Venkatesh (2006) selllorganizing map (SOM) had been used based approach called the bateh-
SOM (BSOM) (Kinouchi et al.. 2002y

The used algorithm uses a two-layered neural architecture similar to that of the SOM-based for
active contour modeling and the training of the network uses a scheme similar to kohonen's
algorithm (Kinnebrock, 1993). The output ol an edge detection algorithm as applied to the image
provides the feature points for training the neural network, Consider the pair of points below:

Pa=w;+ke :and Py=wi—ke® ....... {3)

A . . & i N . =1}
where e™ = (-€y. €4) 15 the unit vecior that is perpendicular to the contour, w; is the weights of i
neuron, in this algorithm uses the wrights of the neurons themselves as the new position of the
control points, and hence of the contour, 1 is the Image intensity function. and k €/ 1.2.....M, ) see
Fig.7.

- [(Py)

-

Intensity profile

Fig.7: Region boundary, (Venkatesh 2006).

The feature vector in this algorithm uses the coordinate of cdge points obtained from standard edge
detection operations. In addition, the algorithm uses intensity variations and gradient information in
a local region with crown center point C in order to guide the movement of the contour which we
had them from the earlicr steps of our work see Fig. 8.

intensity &5 Outer

o intensity
_

Fig. 8: Final converged contour of an objeet (human teeth)
obtained using the present algorithm
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-Feature Matching

The contours extracted from the quen image result from the first step must be matched to
the contours extracted from the proposed database images and that would be our consideration in
the second step of our work. With the match step forensic medicine will be able to recognize the
best matching images and with the hel p ol personal observation, the goal would be reached to a
good point of the best matching, and that means the forensic medicine identify deceased
individuals. This matching can be done either manually or automatically. In this section an idea of
Jain and Chen (2004) had been added to help to reduce the execution time, and which converted the
work to match images automatically. All changes due to time passing and 2D images angles were
insignificant, That means these variations would be omitted.

CONCLUSION

The dental radiograph based identification method has been applied 0 query radiographic
images for the purpose of automated matching process, lo be used in the deceased people
identification in next future, The proposed work uses different techniques in its two stages, so that
to get the most perfect result. This paper can be considered as a start point to initiate a data-base that
helps the forensic medicine; this can be done by using collected radiograph images from private
clinics and from governmental elinics as a starting point.
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Originality and Modernity of the Iraqi Rural House '
A case study of the New Anna
ABSTRACT

Designs of the traditional rural houses of Iraq are considered as a school in
presenting successful designs and solutions. This is because these desi gns are sourced
from the environment of Iragi rural community and its traditions and attitudes .The
hypothesis of this research is that the traditional design of the rural house is in change.
The problems of the research is that change leading to loosen the distinct identity, soiling
the general view and appearance of conflict and opposition. this change can be
contributed to several factors relating 1o the conditions of the urban development which
are so speedy and are not under the prior planning .Results of this research indicated that
the rural house natural environmental which consists with the hard, hot, daily deviation of
temperature, hot wind and dust factors, and at the same time, cold winter, high rains and
high level of humidity. in the other hand , the rural house is consistent with the social
environment by depending on the common practices and traditions and attitudes _The
research is aimed to return to the past , taking thoughts from it » manipulate these to use
in solving the problems of our rural society. The recommendations are not a call to return
back to the tradition from work of pure past and go away from modernity, and at the
same time it is not a call to separate from all the tradition practices, and accepting all the
modern and new practices. it is a call o matching the originality and modemity to

support our distinct identity.
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Fozzolanic Activity Index of local Feldspar

ABRSTRACT

he paper presents an experimental research on pozzolanic aclivily index of
local feldspar obtained from quarries near Al- Najal lake in comparison an
mported microsilicy,

I'he leldspar in ground o a very fine powder (1200m2/ke) on Blaine scale.
The experiments were made according (o ASTM C-311-02. Tt is found thal the
pozzolame activity index of local feldspar is (97%) compared to (92%)for
microsilica, which indicates that feldspar can be used for making high
performance or Compact conurele
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