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Abstract

In this research, the deep drawing dies are designed by using a "computer - aided
designed calculating system” to save time and facilitate the design process. Also finite
elements method (FEM) is used to simulate the drawing process to select the best die design.
A programming language (VISUAL BASIC 6.0) was used to build the computer — aided
design system, which was linked to drafting package (AutoCAD) to plot the deep drawing
dies. A commercialy available finite elements program code (ANSY S) was used to perform
the numerical simulation. Finite elements results is compared with experimental results.
Though the compression between the experimental and FEM, it has concluded that finite
elements method is more accurate than the experimental method in predicting the best die
design, and a good match between the two methods was found.

Keywords: Deep drawing , dies design, finite element.
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1- Introduction

2011

This work demonstrates the design and development of an algorithm that represent

stages of computer-aided design calculation and finite elements simulation of deep drawing

process that facilitate in making the design of drawing process and predicting drawing

variables easier, faster , cheaper and more reliable/1]. The computer — aided system requires

developing and using a database to present inputs (blank material properties) to this

algorithm. VISUAL BASIC programming used to build the computer-aided calculation

system , AutoCAD program linked automatically to the computer aided system to plot the

deep drawing dies. ANSY S programming is used to simulate the drawing process as a finite

el ements software.

2- Computer-aided design of deep drawing

The architecture of Computer — Aided Deep Drawing Design and Simulation system as

shown in Figure (1)
2-1 Cup geometry input

Include input of cup internal diameter (d), cup height (h),

and thickness (t). Thisisthefirst stage in deep drawing
dies design, which depends on cup geometry.
2-2 Product (cup) database
Consist of empirical equations which used to build
the system, and database file containing necessary
information about sheet metal to be drawn, such as
metal name, and type using two international
classifications (US), and (DIN) , also yield stress,
ultimate stress, drawing ratio ( LDR) , and lubrication.
2-3 Blank and Die design calculation[2]
Blank and die design include the following:
2-3-1 Blank design
Blank diameter can be calculated using equation (1):
D=(d?-4dh)®°
where  h= cup height (mm),
d = cup diameter (mm),

D= blank diameter (mm).

Cup geometry input
Blank diameter design
clearance
Die & punch profile reduce
Number of draw
Cup height& diameter
Punch & die diameter
Punch & Blankholder |oad
Total load
Deep drawing die plot

D

Finit element analysis

Computational analysis

Optimum die design

Figure (1). The system ar chitecture.
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2-3-2 Diedesign
Die design includes many stages

+ Clearance determination:

Clearance is the gap between punch and die, in thiswork

clearanceis equal to 0.55 mm.
% Determining punch profileradius ( ry)

Punch profile radius ranges from 4 to 10 times of metal thickness,

inthiswork (rp) isset as (10 mm ). The value of (r,) can be changed to

match the profile radius of the cup to be drawn, or by the designer.

« Determining die Profileradius (rp) :

Die profile radius range from 4 to 10 times of metal thickness,

inthisdesign (rp) is set as (10 mm) .The value of (rp) can be changed

by the designer.

¢ Determining number of draws:

2011

Number of die(s) necessary to produce the desired product (cup) depends on "cup height

over cup diameter” (h/d) ratio as shown in (Table 1).

Table(1). Thereationship between the (h/d) ratio and number of draws.

If h/d<0.75

then no. of draws=1

If 0.75<h/d< 15

then no. of draws =2

If 1.5<h/d<3.0

then no. of draws=3

If 3.0<h/d<4.5

then no. of draws =4

++ Determining cup(s) height:

Cup (s) height for each draw can be estimated using equation (1):

«» Determining cup(s) diameter:

Cup(s) diameter for each draw can be estimated using equation (2):

d
P=100(1- —
(1-35)

where P = percentage reduction
d = inner diameter of drawn cup (mm)
D = blank diameter (mm)

%+ Determining punch(s) diameter:

)
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Punch diameter for the first draw is equal to the diameter of the cup to be drawn (d), and

for other draws equal to the cup diameter at that draw.
« Determining dig(s) diameter:
Die diameter for each draw can be determined using the following formula:
Die diameter = punch diameter + (2 * clearance)
++ Determining punch load(s):
Maximum punch load for each draw can be estimated using equation (4):
Fmex =T d t oyt (D/d) — 0.7)
where  Frax = maximum drawing force (N),
t =origina blank thickness (mm),
out = tensile strength (Mpa),
D =Dblank diameter (mm),
d =punch diameter (mm)
The constant (0.7) is acorrection factor to account for friction.
++ Determining blankholder oad(s):
Blankholder load for each draw can be determined using the following formula
Blank holder load = 1/3 * maximum punch load
+«» Determining total load(s):
Total load for each draw can be determined using the following formula:
Total load = maximum punch load + blank holder load

2-3-3 Plot the dig(S)
Result of the design will be plotted using (AutoCAD) programming.

3- Simulation of deep drawing

3

(4)

©)

(6)

In this work finite element method was used to simulate deep drawing process which is

performed experimentally by (Al — Bassam) [2], and a comparison between results of the two

methods (FEM & experimental) achieved.

3-1 Finite dement method

The use of finite element analysis is beneficia in the design of tooling in sheet metal

forming operations because it is more cost effective than trial and error. The prime objective

of an analysis is to assist in the design of the product by: (1) predicting the material

deformation and (2) predicting the forces and stresses necessary to execute the forming
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operation. FE of the sheet metal forming problem usually adopts one of three analysis
methods based on the membrane, shell and continuum element [3,4].

3-2 Blank properties

An axisymmetric cup was formed using a blank of mild steel type (SAE 1006 ).
Chemical composition of the blank material is C% = (0.08), Mn% = (0.25 — 0.45). Thickness
and diameter of the blank used in the FEM analysis are taken as (0.42) mm and (454.31) mm
respectively.

3-3 Drawing tools properties

Drawing tools consist of the effective parts (punch, die, and blankholder), other
accessories (upper plate, lower plate, guides, and etc.) were neglected to simplify the
simulation and to save anaysis time. Due to the symmetry of the problem, only one — half of
the blank and the tools is modeled. Tool geometry) is as follows:

Punch diameter (Dp) and height (hy) are taken as 120 mm and 60 mm respectively. Die
outer diameter, inner diameter (Dg), and height are taken as 200 mm, 121.1 mm, and 50 mm
respectively. Blankholder diameter and height are taken as 123 mm, and 8mm respectively.
Punch velocity was constant and equal to 10 mm/min.

To produce the drawn part, one draw is needed, since the ratio of cup height to its
diameter islessthan (0.75) as mentioned in Table (1).

To study the effect of clearance between punch and die, four dies with different inner
diameters of ( 120.9, 121, 121.1, and 121.14) mm with one punch of 120 mm diameter were
used .Thus, clearance between punch and dies were ( 0.45, 0.50, 0.55,and 0.57) mm
respectively. Punch and dies profile radius are taken as 15 mm, and 6 mm respectively.

3-4 Finite element analysis
3-4-1 Preprocessing
This stage includes the creation of a geometric model for the part to be formed, the
selection of the appropriate boundary conditions for the forming process, and the selection of
material and process variables, and it include the following stepg 4]:
i. Define elements types and materia propertiesfor blank and tools
¢ Define blank element type:
The element used to simulate the blank is (VISCO106 2-D Large Strain Solid)
VISCO 106 is used for 2-D modeling of solid structures, and it is defined by four nodes
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having up to three degrees of freedom at each node: trandations in the nodal X, Y, and Z
directions. The geometry, node locations, and the coordinate system for this element are
shown in Figure (2).

v 1
(or Axial) ] ¢ Triangular Option)

I
@
¥ (or Radial)

Figure (2). Viscol06 2-D large strain solid element [4,5].
% Define blank material properties:
Material propertiesinclude Y oung Modulus (200GPa), Density( 7800 Kg/m?), Poisson
Ratio (0.3), Coefficient of Friction (0.1), Yield Stress ( 220 MPa), Tangent Modulus ( 0.5)

s Definetools e ement type:

In this work, the element used to represent tool set of deep drawing (punch, die, and
blankholder) is (PLANE42 2-D Structural Solid).PLANE 42 is used for 2-D modeling of
solid structures. The element is defined by four nodes having two degrees of freedom at each
node: trandations in the noda X, and Y directions. The geometry, node locations, and the

coordinate system for this element are shown in Figure (3).

Element Coordinate
Systern (shown for
KEEY¥OPT(1)=1)

Li
X {or Radial) @

Figure (3). Plane42 2-D structural solid element [4, 5].
¢+ Input tools material properties:
Materia properties include Young Modulus ( 220 GPa), Poisson Ratio ( 0.3), Coefficient
of Friction (0.1)

(Triangular Qption - not recommended)
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+ Define contact el ement:

The element used to represent the contact between the tool set (punch ,die , and
blankholder) and the blank is (CONTAC48 2-D Point-to-Surface Contact) . This element
has two degrees of freedom at each node: trandations in the nodal X and Y directions.
Contact occurs when the contact node penetrates the target line, Elastic Coulomb friction and
rigid Coulomb friction are allowed, where dliding is along the target line. The geometry and

node locations are shown in Figure (4).

Corntact Surface and Node
/

FE™

Y (ar axial)

Target Surface and Hodes

¥ {or Radial)

Figure (4). Contact48 2-D node-to-node contact [4,5].

ii. Set Rea Constant:

After defining the element type, it needs to select the correct real constants set. The rea
constant set for each contact surface must be the same as the one used for the corresponding
target surface for each contact pair. Each contact pair must refer its own real constant number.
In thiswork “seven” contact pairs are used, i.e. seven real constant values are used.

iii.  Generation of Geometric Model:
The model generated using, key points, lines, area, and area meshing.
iv. Set Contacts:

K/
L X4

Contact between punch and blank ( three “node — to — surface” contacts )

>

% Contact between blankholder and blank (one “node — to — surface” contact )

L)

++ Contact between die and blank ( two “node — to — surface” contacts )
+ Contact between die and blankholder (one “surface — to — surface” contact).
v. Boundary conditions:
Set the geometry to be axisymmetric around y= 0 ( axis y-y ) and set blankholder
load = 15 KN and fixing the die a points (1,2,3) (no displacement in both x & y

directions) as shown in Figure (5).
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TCSOD O XZ—

1 2

Figure (5). FEM modd.
vi.  Applying displacement to punch:

Punch moves downward to draw the blank inside the die to produce a cup, this movement
consists of (11 steps) (maximum), in each step the punch moves a distance of (5) mm, to
reach a maximum total displacement of (55) mm. Punch speed equal to (10) mm/ min.

Speed (v) = displacement (u)/ time (t) (7)
3-4-2 Computational analysis:
The data set prepared in preprocessing stage is used as input to the finite elements code

itself, which construct and solve a system of non-linear algebraic equations.

4- Resultsand discussion
4-1- Implementation

Figure (6) shows a screen used to input cup dimensions which are; cup diameter = (120)
mm, cup thickness (0.42) mm, while cup height is deeper here and equal to (400) mm.
Figure (7) illustrates blank material properties screen. This screen contains information about
properties of the blank to be drawn, like metal type , the type of the used metal is “ Mild
Steel” , and metal designation in two international classifications (US) and (DIN) , the used
metal designation in (US) is ( SAE 1006) , and ( RRSt 14) using ( DIN). Also this screen
contains yield stress, which is equal to (220 N/mm2 ), and ultimate tensile stress which is
equal to (350 N/mmz2 ). and draw ratio for first draw, first redraw with annealing , and first
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redraw without annealing ,and their values are as follows (2, 1.7, and 1.3) respectively. The
proper lubricant of this type of metal is also displayed in this screen. At this stage data is
retrieved form a database filg[7].

In Figure (8), the results are as follows; Clearance between punch and die equal to (0.55)
mm (1.309*t), die and punch profile radii are equal to (10, 10) mm respectively. Blank
diameter hereis larger and is equal to (454.31) mm, since the cup is deeper, thus more metal
IS needed.

In Figure (9), number of draws will be displayed and equal to “Four draws”, since (h/d)
ratio which is acceptable and equal to (3.33) is more than (3.0) and less than (4.5).

Cup diameter and height for the first, second, third and fourth draws are (272.58, 190.80,
137.38, 120) mm, and (121.15, 246.93, 385.03, 400) mm respectively.

Figure (10) shows tool geometry and loads will be determined and the blank with
diameter (D) that become a completely drawn cup in four stages .Results for the first draw are
as follows; punch diameter = (272.58) mm , die diameter = (273.68) mm, punch load =
(121.68) KN, blankholder load = (40.56) KN , and total load = (162.24) KN.

Results for the second draw are as follows; punch diameter = (190.80) mm, die diameter
= (191.90) mm, punch load = (64.20) KN, blankholder load = (21.40) KN, and total load =
(85.60) KN.

Results for the third draw are as follows; punch diameter = (137.38) mm, die diameter =
(138.48) mm, punch load = (43.7) KN, blankholder load = (14.56) KN, and total load =
(58.26) KN.

Results for the fourth draw are as follows; punch diameter = (120) mm, die diameter =
(121.1) mm, punch load = (25.16) KN, blankholder load = (8.38) KN, and total load = (33.55)
KN.

By clicking on “Connect to AutoCAD” button, AutoCAD will be automatically launched,
and by clicking on “Plot 1st die” and “Plot 2nd die” and “Plot 3rd die” and “Plot 4th die”
buttons, first, second, third and fourth deep drawing dies will be plotted directly as shown in
Figure (11).

The whole results of the computer-aided design system are listed in details in Table (2).
It can be concluded that, if the product (cup) needs more than one stage (draw) to be
completely drawn, punch load, blankholder load, total load, and (LDR) will be decreased with
subsequent stages.
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The devel oped system showed how to design for deep drawing process which isatime
consuming and tedious work can be accomplished automatically. Also it is not violated by

human errors; these benefits will be next reflected on the quality of the produced part.

4-2 Finite elements analysis
FE method is used to simulate the drawing operation, the result were compared with
experimental results found by (Al-bassam) [1] and the theoretical results found by Mithaq [5].
The maximum punch stroke was set as (55) mm to ensure that the product (cup) is
completely drawn. Boundary conditions utilized by FEM were as follows, coefficient of
friction (u) = 0.1, blankholder force (BH. F.) = (15) KN, Poisson ratio (v) = 0.3, punch speed

=10 mm/ min.

To investigate the effect of radial clearance between punch and die on the drawing
operation, one punch with profile radius of ( 15) mm, and with diameter of ( 120 ) mm, and
four dies with die profile radius of ( 6 ) mm , and diameter of ( 120.9, 121, 121.1, 121.14)

mm. Thistool set gave the best drawn cups with less wrinkles and earing experimentally.

the radial clearances were taken as follows. C1= 0.45 mm (107 %), C2 = 0.5 mm (116
%), C3 =0.55 mm (130.9 %) , and C4 = 0.57 mm (135.7%).

Figure (11) represents the effect of radia clearance on punch load. Both FEM and
experimental results are included. It is clear that the punch load increases dightly with the
decrease of radial clearance between punch and die. This occur since the gap between punch
and die decreases, thus the contacted area between the blank and tools will be larger an the
friction higher. Also the Figure shows that experimental loads are higher than FEM loads ,
this may occur since in the experimental circumstances , the lubricant could be inefficient,
and this causes the friction between the blank and tools to be higher.

It is clear that cup thickness remains stationary at the cup bottom. At the next region
(under punch profile radius), the thickness decrease, because of stretching applied to this
region. At the cup edge, the cup wall thickness has a proportiona relation with radia
clearance, this is caused by the hoop stress applied to this area and also the gap between
punch and die acting to size the blank.

It is clear that the equivalent strain over the cup wall increase with degper punch movement

and the change of radial clearance does not affect the equivalent strain.

10
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The effect of radial clearance seems to be very small using both the experimental
method or FEM, since the difference in range of the used clearances is very small, it is
difficult to determine the optimum one, thus C3 (1.309 t) can be considered as best clearance.

In the experimental method the optimum die design was concluded depending on
normal (thickness) strain, in addition to punch load, while using finite element method in this
work, the optimum die design is predicted depending on equivalent (effective) strain and
stress which represent the resultant of strain and stress in the normal , radial, and
circumferentia directions, and this proves that predicting the optimum die design using finite
elements methods is accurate than the experimental method.

Optimum die design, using FEM, can be concluded to have a tool set with r, equal to
(20 or 15) mm , and rqequal to (6 or 10) mm, and clearance of (0.55) mm (130.9 % t), and this

gives agood match with the experimental results.

5- Conclusions

< It has been observed that the computer — aided deep drawing design system aids
designers in providing an automated easy tool for working faster and more accurate.;
these benefits will be next reflected on the quality of the produced part.

¢ If the product (cup) need more than one stage (draw) to be completely drawn, punch
load, blankholder load, total load, and (LDR) will decreased with subsequent stages.

¢ It was concluded, using FEM, that it is possible to produce successful cups.

¢ Finite elements method is more accurate than the experimental method in predicting
the best die design the experimental method ,since predicting of best die design, using
FEM, as show in Figure (12)

Input -d - (diameter of the cup)

120 T

Input -h - (height of the cup)

400 mm

Input -t- (thickness of the cup wall)

0.4z S

[ N =

Figure (6). Cup geometry screen.

11
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wm. sheetmaterials

SAE 1008

"wfater-bazed emulzion with increasing soap
content as the severity of zervize increases

Delete

4| 4 |Fecord: 2 (ALl

Figure (7). Blank metal properties screen.

CLEARAMCE—— BLANK DIAMETER

Clearance

DeE Blank diametre
I ' mm |454.31 26764022 mm
Cley e it weihie | Clear and input valus |

PUMCH & DIE PROFILES

DIE PROFILE = |m mm

PUNCH PROFILE = |1 1 mm

Results
Clear and input value |

Figure (8). Blank diameter and tool geometry.

12
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Humber OF Draws

First Drraw

Second Draw

Mumber OF Diravs

Cup diameter For Each Draw

272.587600598413

190.80237013572

| 137.38056607881 o

E)0/X]

|f|:|ur draves

Height of Cup Faor Each Diraw

121.150044710406 i

246.930583918157 oo

385.0304018825

Third Crraw
Faourth Crraw | 120 T 400 T
| RESULTS
Mext | Back |

Figure (9). Number of draws screen.

‘l FIRST DRAW

Punch diameter

272.58 mm

Punch load

1 121.68 KN

SECOND DRAW

Punch diameter

h2 190.80 I

Punch load

64.20 b

THIRD DR

Punch diameter

137.38 mm
Punch load

Connect to AutoCad |

1 43.70 KN

— FOURTH DRAW

Punch diameter
120 o

Punch load
kM

80 ek et | Bl B et dl ‘

25.16

E 350 et Al |

Flat dth draw die ‘ End
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Die diameter
273.68 mm
Blankholder load Tatal lnad
40.56 KN 16224
Die diameter
191.90 mm
Blankholder load Total load
21.40 KN 560
Diie diameter
138.48 mm
Blankholder load Total load
1456 KN 5826
die diameter
121.1 oy
Blankholder load Tatal lnad
8.38 A0 33.55

Back

Figure (10). Tool geometry, load, connection to AutoCAD, and auto plot screen.
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Command : 1 j
27687981, -300.7513, 0.0000 SHAP| GRID| ORTHO/[POLAR [DSMAP [OTRACK LW T/[MODEL

Figure (11). Deep drawing die(s) screen (four draws).

Table (2). Results of the computer-aided design system.

First draw second draw Third draw Fourth draw

Blank diameter (mm) 454.31 454.31 454.31 454.31
Cup diameter (mm) 120 120 120 120
Cup height (mm) 400 400 400 400
Cup thickness (mm) 0.42 0.42 0.42 0.42
Clearance (mm) 0.55 0.55 0.55 0.55
Die profileradius 10 10 10 10
Punch profile radius 10 10 10 10
Cup diameter (mm) 272.58 190.80 137.38 120
Cup height (mm) 121.15 246.93 385.03 400
Die diameter (mm) 273.68 191.90 138.48 121.1
Punch Load (KN) 121.68 64.20 43.70 25.16
B. H. Load (KN) 40.56 21.40 14.56 8.38
Total Load (KN) 162.24 85.60 58.26 33.55

14
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70

—+— C1FEM
z
L
= —a— C2 FEM
]
°
S —a— C3FEM
5 &
o o 4
C4 FEM
---k=--= C1 Exp
---9--- C2 Exp
60 ===t-== C3 Exp
------- C4 Exp
Punch stroke (mm)

Figure (12). The effect of radial clearance on punch load (p15 d6).
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Reduction of Separation Distancein MIMO Systems Using

Polarization Diversity
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College of Engineering
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Abstract

One of the promising techniques in communication systems is the Multiple Input —
Multiple Output (MIMO) systems. The aim of these systems is increasing channel capacity,
and the main problem in these systems is the required separation distance between antennas
which must be greater than or equal to half wavelength. Satisfying this separation distance is
difficult especialy at low frequencies. In this paper we study the ability to reduce the total
separation distance by using polarization diversity. Each two adjacent antenna are replaced by
one dual polarized antenna. The obtained results show that the use of polarization diversity
will reduce the required separation distance and the performance of the system will be better
than that of classical system (without polarization diversity). Thisimprovement is more useful
a the system with greater number of antennas. Increasing the correlation between antennas
due to the separation angle will reduce the channel capacity. The results also show that
increasing the cross polarization discrimination XPD will increase channel capacity at low
level of signal to noise ratio (SNR) and decrease it at high level of it if the attenuation for
horizontally polarized signal is the same as that for vertically polarized signal (CPF=0), but if
(CPF+ 0) then low values of XPD will improve channel capacity especially at high level of
SNR. The results also prove that channel capacity inversely proportional with CPF at rural
area (XPD # 0), and when XPD=0 (urban ared) the channel capacity linearly proportion with
CPF at high level of SNR, and inversely proportional with CPF at low level of it.

Keywords: MIMO, Multiple antenna systems, Polarization diversity, Channel capacity.
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1. Introduction

The use of antenna array at both ends of a wireless link(MIMO technology) has
recently been shown to have the potential to drastically increase spectral efficiency through a
technique known as spatial multiplexing [1-5].This leverage often referred to as multiplexing
gain permits the opening of multiple spatial pipes between transmitter and receiver within the
frequency band of operation for no additional power expenditure leading to a linear(in the
number of antennas) increase in capacity [6-9].But these antennas are required a separation
distance greater than haf wavelength. The cost of increasing spatial dimensions at the base
station and the mobile terminal especially at low frequencies has been an impediment to the
deployment of spatial diversity in practical systems|[9].

Polarization diversity provides an aternative means of increasing the diversity order
with little increase in spatia dimensions [10, 11].Recent researchs in multiple antennas
systems aims to reduce the spatial dimensions without degrade system performance. One of
these solutions is the use of multiple polarized antennas, so this paper aimed to study the
effect of many polarization factors on systems performance. These factors include: cross-
polarization discrimination (XPD), co-polarized factor (CPF), and polarization separation
angles at transmitter and receiver side. The rest of this paper organized as follows: section 2
introduces the channel model and states our assumptions, section 3 provides the simulation
results at different conditions, section 4 states the discussion and conclusion, and finally

section 5 list the references.
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2. Channd mode

In linear antenna system shown in Figure(1a), the relation between transmitter and
receiver is govern by the following equation[12]:

Y =HX +n (1)
WhereY isNrx 1 received vector, X is Ntx1 transmitted vector, H is Ngx Nt channel matrix,
n is Nrx1 vector of additive white Gaussian noise, Nt is the number of antennas at
transmitter side, and N is the number of antennas at receiver side.

The channel capacity in multiple antennas system is given by the following equation
[13]:

NR .
C: L092 INR +N—X HH

T

b/s’THz  (bit/second/hertz) 2

Where I, is NrxNridentity matrix, SNR is the signal to noiseratio at the receiver side, and

H" is the complex conjugate transpose of the channel matrix H. As we see from the above
equation the channel capacity depend on many factors, the most important factor is the
channel matrix. The channel matrix also depends on many factors. The most important one is

the separation distance, if we refer to the separation distance at the transmitter side by d, and

refer to the separation distance at the receiver side by d,, then we need (N; —1)d,

separation distance at the transmitter side, and (N —1)d, separation distance at the
receiver side If we assume that di=d,=dss, and Nt=Ng=N, then the separation distance will be

(N —1)d%p at both side (without polarization diversity). We study two cases: 2x2 case

and 4x 4 case in the present and absent of polarization diversity.

2.1 Case 2x2 :consider the system shown in Figure(l). In the presence of polarization
diversity the channel matrix can be separated into three components:

H=H HgH, 3
Where Hr is the transmitter component for the channel matrix, Hg is the recelver component

for the channel matrix, and Hcy is the channel component for the channel matrix,

H, {1_0” “ } @

a;  l-o;
Where ot is the cosine of the minimum angle between the vertically polarized and the

horizontally polarized antenna at the transmitter side.
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H. {HR “ } ©)

ar  l-ag
where ag is the cosine of the minimum angle between the vertically polarized and the
horizontally polarized antenna at the receiver side.
Hop = L:‘W H ©
hv hh
where h,, is the relation between the vertically polarized recelver antenna with the vertically
polarized transmitter antenna, hy, is the relation between the horizontally polarized receiver
antenna with the horizontally polarized transmitter antenna, hy, is the relation between the
vertically polarized receiver antenna with the horizontally polarized transmitter antenna, and
hn is the relation between the horizontally polarized receiver antenna with the vertically
polarized transmitter antenna
The polarization of the transmitted signal will change due to the scattering, diffraction,
and reflection .The cross polarization discrimination (XPD) is define as the average cross-
coupled (vh,hv) power relative to the co-polarized(vv,hh)power[14]. XPD is produced due to
the depolarization of the transmitted signal by scattering , diffraction , and reflection in the
channel [11].The horizontally polarized signal will attenuated more than the verticaly
polarized signa and the ratio between these attenuation is co-power factor (CPF),the value of
CPF between 0-15dB[15]. For these assumption the Hcy matrix will be as follow

1 xpd
Y .
b Dhn xpd  cpf
— XPD
where xpd = Log™
p g 10
and
—CPF
cpf = Log™
p o] 10
hence
H - l1-a;, o “h, 1 xpd| |1-ar ag ®
a;  l-o; xpd  cpf ar l-og

if weassumea,; = ay = o then

|1-a a |, 1 xpd| |l-a «
H_{ a 1—0{} h'{Xpd Cpf} { a l—a} ®)
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This equation represents the channel matrix for 2x2 antenna system in the present of
polarization. There isn’t any need to the separation distance for 2x 2 system in the present of
polarization [ds»=0]. While the separation distance for 2x2 system in the absent of
polarization is dsp Which must be greater than or equal to half wavelength. The channel
matrix for 2x 2 system in the absent of polarization is:

My hlz:|
Ny My

where hy; represent the relation between the i receiver antennaand j™ transmitter antenna.

H =Hg, :[ (10

2.2 Case4x4: Inthe same way that illustrated in section 2.1, we get:

1-a;, o 0 0
1- 0 0

Ho=| @ % (11)
0 0 1l-o o
0 0 a;  l-o
[1-a, ag 0 0
1- 0 0

Ho=| “R IR (12)
0 0 1l-ay, oag
| 0 0 o, l-og

hy, hy, * xpd hy, h, * xpd
h, *xpd hy, *cpf  h,* xpd hy,

He, = (13)
“ h21 h21 * Xpd h22 h22 * Xpd
h21 * Xpd h21 h22 * Xpd h22 * Cpf
Substitute Egs.(11-13) in (3)to get:
-4 o 0 O h, h*xpd h, h*xpd][l-ax @ O O
Ho| l-o¢ O 0 | |h*xpd hy*cpf h*xpd  h, || o 1-o O 0 (14
- 0 0 1- Or O hﬂ rbl* Xpd I’b rbz * Xpd 0 0 1- R OR
0 0 & l-of|[*pd h, hy*xpd hy“cpf| | O 0 o Il
If a7 =ag =a then
ta o« O O|[ hh h*xpd h, hxpdta « O O
el & Yo O O |[h*xpdh*cpfh*xpd h, a ta 0 O
0O O01a al|l h, hxpd h, h>pd 0 0 ta «
| O O o To||hxpd h, hxpdcpf| O O o o

This matrix represent the channel matrix for 4x4 MIMO system where each two adjacent

antenna are replaced by one dual polarized antenna and the total separation distance will be
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N _1)q

o = d - instead of 3dsep(without polarization diversity). The channel matrix
2

for 4x 4 system in the absent of polarization is:

hy hy, hy hy

P L S ”

Ny hy g by
h41 h42 h43 h44

where hj; represent the relation between the i™ receiver antenna and j™ transmitter antenna.

3. Simulation and results

After we derive a useful expressions for the channel matrix for 2x2 and 4x 4 cases as
a function of polarization factors (XPD,CPF,a).We substitute these expressions in the channel
capacity equation (eg.2) for the two cases .We use |[EEEB02.11F program to generate
Rayleigh fading channel matrix coefficients h,, hi1, hip, hx, hyy and substitute these
coefficients in channel capacity equation. After that we draw the channel capacity at different
conditions. The obtained results show that the use of polarization diversity will reduce the
separation distance between antennas, and at the same conditions the performance of the
systems with polarization better than the systems without polarization as shown in
Figure(2)for 4x4 case. If the separation angle ¢ between antennas become less than 90° (not
right angle)the separation correlation coefficient a (a=cose)will increase and the channel
capacity decrease as o increase in transmitter and /or receiver side as shown in Figures(3-4).1f
we increase the cross polarization discrimination (XPD) ,the channel capacity will improve at
low level of signal to noise ratio (SNR)and disprove at high level of SNR if the attenuation
for horizontally polarized signal is the same as for vertically polarized signal(CPF=0).But if
the (CPF= 0) then reduce the value of XPD will improve the channel capacity for all values
of SNR specialy at high level of it as shown in Figures(5-10).To study the effect of co-
polarization factor (CPF) we make correlation angle ¢ constant at right angle so that
a=0,XPD constant, and vary the CPF. The obtained results show that the channel capacity
inversely proportional with CPF at rural area (XPD = 0) for al values of SNR. While in urban
areas (XPD=0)the channel capacity increase as CPF increase at high level of SNR and
decrease as CPF increase at low level of SNR for all systems as shown in Figures(11-14).
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Figure(l).(a) spatial multiplexing system,( b) vertically polarized antenna,( c) dual
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polarization.
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Figure(3).Channel capacity vs SNR for 2x2 system when XPD=6dB,CPF=10dB.
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Figure(4).Channel capacity vs SNR for 4x4 system when XPD=6dB,CPF=10dB.
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Figure(5).Channel capacity vs SNR for 2x2 system when CPF=0dB,a=0.
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Figure(6).Channel capacity vs SNR for 2x2 system when CPF=5dB,a=0.
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Figure(7).Channéd capacity vs SNR for 2%2 system when CPF=10dB,0=0.
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Figure(8).Channel capacity vs SNR for 4%4 system when CPF=0dB,0=0.
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Figure(9).Channel capacity vs SNR for 4x4 system when CPF=5dB,a=0.
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Figure(10).Channel capacity vs SNR for 4%4 system when CPF=10dB,a=0.
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Figure(11).Channel capacity vs SNR for 2%2 system when XPD=0dB,a=0.
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Figure(12).Channel capacity vs SNR for 2x2 system when XPD=10dB,a=0.
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Figure(13).Channel capacity vs SNR for 4x 4 system when XPD=0dB,o=0.

T
—+ CH-=Udb
—+ "PE-RR
S1H o CH-Tlldb
TPE-1R0R

2w Coapian i vit fsrH)
)
o

15H
12t
. a7 :
5 A
et i
i i i i i
o 5 13 5 aC 25 30
SxRid0n

Figure(14).Channd capacity vs SNR for 4x 4 system when XPD=10dB,a=0.
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4. Discussion and conclusion

One of the main problems in multiple antenna system is the separation distance between
antennas. By using dual polarized antenna we can make the total separation distance as
(% -1)d . instead of (N -1)d - in non polarized state(without using polarization
diversity). Without using dual polarized antenna we cannot decrease the separation distance to
less than half wavelength because of the correlation between the antennas. If we can reduce
the correlation between antennas, we can reduce the separation distance to small value (lower
than half wavelength). We suggest that each antennain MIMO system replaced by an endfire
array of antennai.e. the MIMO system trandate from linear to planar antenna array, but each
row of antenna represent one antenna with certain radiation pattern. In this case we may be

able to reduce the correl ation between the antennas and then reduce the separation distance.
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Abstract

Predicting the shape function of a pre-tensioned spherica dome is very important for the
safety of a dome structures design and performance under cyclic loading. This paper presents
a new shape function mathematical model which is proposed for use with three dimensional
pre-tensioned spherical dome that should provide for a more accurate stresses. The new model
IS proposed based on an improved Airy stress function principle; to retain objectivity of the
results for three dimensional pre-tensioned spherical dome. This model is adopted in this
study for its simplicity and computational efficiency. The objective of this work isto analyze
the response and to describe the behavior of pre-tensioning dome structure under loading. The
model provides a very powerful tool for the solution of many problems in elasticity; such
applications include tensor anaysis of the stresses and strains. Correlation between the
proposed model with experimental studies results of pre-tensioned specimens are conducted
and show a reasonable agreement. The results are drawn as to the applicability of this
approach. Stresses within dome surface are constant and the shear stress is zero when
subjected to a hoop stress. The maximum stress occurs at the boundary of the dome
intersecting the y-axis and is decreased aong the boundary of the disc as it nears the x-
axis. The maximum compressive stress occurs at the boundary intersecting with the x-axis

and decreases as it nears the z-axis along the interfacing boundary.

Keywords :Airy stress function ,Pre-stressing , Pre-tensioning, Finite-element method,

Nonlinear analysis, Slip
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1. Introduction

Roth and Whitely [1] propose a technology based on tensegrity for tough, rigid, large
scale domes that are also economical to construct. The development of a structural technology
to economically cover large areas would be useful for warehouses, permanent or temporary
protection for archaeologica and other vulnerable sites, large-scae electrical or
electromagnetic shielding and exclusion or containment of flying animals or other objects.
Structures based on such a technology can serve as frameworks in which environmental
control, energy transformation and food production facilities could be embedded. The space
application is also possible by using self-deployed structures. Summary advantages are
improved rigidity, ethereal, resilient, equal-length struts, simplejoints.

Figure(1). A representation of adome which utilitizes tensegrity solutions

technology [2].
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Predicting the shape function of a pre-tensioned spherical dome is very important for the
safety of a dome structures design. In addition, there are growing concerns about the
performance dome under loading. Hence, a more realistic evaluation of the dome structure
behavior due to cyclic loading is necessary to maintain containment integrity.

Elasticity is an elegant and fascinating subject that deals with the determination of the
stress, strain and distribution in an elastic solid under the influence of external forces. A
particular form of easticity which applies to a large range of engineering materiads, at
least over part of their load range produces deformations which are proportiona to the
loads producing them, giving rise to the Hooke’s Law. The theory establishes mathematical
models of a deformation problem, and this requires mathematica knowledge to
understand the formulation and solution procedures. The variable theory provides a very
powerful tool for the solution of many problems in elasticity. Employing complex
variable methods enables many problems to be solved that would be intractable by other
schemes. The method is based on the reduction of the elasticity boundary value problem to
a formulation in the complex domain. This formulation then allows many powerful
mathematical techniques available from the complex variable theory to be applied to the
elasticity problem [3].

Materia properties must be determined experimentally. Careful examinations of the
properties of most structural materials indicate that they are not isotropic or homogeneous.
Nonetheless, it is common practice to use the isotropic approximation for most anayses. In
the future of structural engineering, however, the use of composite, anisotropic materials will
increase significantly. The responsibility of the engineer is to evaluate the errors associated
with these approximations by conducting severa anayses using different material
properties [4].

In the recent years, thin shell structures find wide applications in many branches of
technology such as space vehicle, nuclear reactor, pressure vessdls, roofs of industria
building and auditoriums. From the point of view of architecture, the development of shell
structure offers unexpected possibilities and opportunities for the combined realization of
functional, economic and aesthetic aspects studied and tested conical concrete-shell
specimens with widely varying material properties and traced their load deformation
response, internal stresses and crack propagation through the eastic, inelastic, and ultimate
stressranges [5].

The finding of a structural evaluation of the 5 meter diameter observatory dome structure

constructed by Observa-Dome laboratories, Inc. Regarding to the presentation of literature
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review, it should be emphasized that no investigation related to the analysis of large concrete
thin shell dome is found. So it can be represented this work as a first one in the field of the
study of concrete dome. The main objectives of this study are conducting an analytical study
on the behavior of reinforced concrete ribbed dome with precast rib and cast-inplace cover
and concrete slab under monotonically increasing loads by using three dimensiona finite

element method of analysis[6].

2. Theairy stressfunction

A stress function is afunction from which the stress can be derived at any given point X, y.
These stresses then automatically satisfy the equilibrium conditions.

Now let’s examine such a stress function. The Airy stress function ¢ is defined by [7]

_ %9 _ ¢ . _ %9
Ox =353, Oy = and Txy = _6x6y (1)
One can insert these stresses in the equilibrium conditions (1.1). One then directly see that
they are satisfied for every how convenient... However, if one inserts the above definitions
into the compatibility condition, we get

', 0% . 0%

ax* ax2 ay? N oyt 0 or *$=0 2)

This equation is called the biharmonic equation. It needs to be satisfied by every valid Airy

stress function as well.

3. Pretensoned structures

Pre-tensioned high strength trusses using aloy steel bar are widely used as glass wall
supporting systems because of the high degree of transparency. The breakage of glass panes
in this type of system occurs occasionaly, likely to be due to error in design and analysisin
addition to other factors like glass impurity and stress concentration around opening in a
spider system. Most design does not consider the flexibility of supports from finite stiffness of
supporting steel or reinforced concrete beams [8]. The resistance of lateral wind pressure of
the system makes use of high tension force coupled with the large deflection effect, both of
which are affected by many parameters not generally considered in conventional structures. In
the design, one must therefore give a careful consideration on various effects, such as support
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settlement due to live loads and material creep, temperature change, pre-tension force, and
wind pressure. It is not uncommon to see many similar glass wall systems fail in the wind
load test chambers under a design wind speed. This paper presents a rigorous analysis and
design of this type of structural systems used in a project in Hong Kong, China. The stability
function with initial curvature is used in place of the cubic function, which is only accurate
for linear analysis. The considerations and analysis techniques are believed to be of value to

engineersinvolved in the design of the structura systems behaving nonlinearly [9].

4. Shape function of three dimensional pre-tensioned spherical dome:
A model

In this paper, a prediction of the stresses of the dome structure model is made through
various types of numerical modeling, taking in account the appropriate non-linearity for each
material. For the nonlinear finite element analysis, the dome is idealized as an axisymmetric
model and a three dimensional global model. In order to simulate the actual behavior of the
dome, both numerical models are refined by comparison of the results of the two analyses and
with the existing research results. Furthermore, more recently developed material models for
dome are introduced to the model.

The shape function for three-dimensional pre-tensioned spherical dome logically provides a
reasonable stresses estimate. These shape functions are based on an n-order in genera
approximation, which provides for a non-linear interpolation. For three-dimensional
simulation this function offers advantages over the linear shape function currently used in
two-dimensional simulations [9]

O(X,Y,2) = Ay + Axy + Agy? + Ay X3 + Ay xPy + APxy? + Agy? + Ar x* + Ag X3Py

+ Agx?y? + Ao Xy +Aqg Y+ A 24 Apaxyz + Ay xz% +

+ Ajx"y"z"? €))
Ao, A1, Az, Az, Ay, As, Ag, A7, Ag, Ag,... Aj Constants determined from the boundary
conditions
Which is satisfy Airy Stress Function (Compatibility condition) equations (1, 2)
5. Tensor analysis

Tensors are geometric objects that describe linear relations between vectors, scalars, and
other tensors. Elementary examples include the dot product, the cross product, and linear

maps. Vectors and scalars themselves are also tensors. A tensor can be represented as a multi-
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dimensional array of numerical values. The order (also degree or rank) of a tensor is the
dimensionality of the array needed to represent it, or equivaently, the number of indices
needed to label a component of that array. For example, a linear map can be represented by a
matrix, a 2-dimensiona array, and therefore is a 2nd-order tensor. A vector can be represented
as a 1-dimensional array and is a 1st-order tensor. Scalars are single numbers and are zeroth-
order tensors.

= Vector differential operator (Del or Nabla)

Gradiento=Gradgo= ¢

Divergence ¢ =Div 9= . @
Curl @ =Rotation ¢ =Rot @ = X¢

Compatibility of strain tensor

.Ejj = .Sjj — e — ASjj =0 (4)

and

1+v v .
——0j —ESI; | =unity ;=

1—2v5
E

E

(5)

&j =
Where e=trace of strain, S=trace of stress, "=gradient transpose
Trace of stress
S=0x+0y+0,
Traceof strain
e=¢€ +e ¢
0;j= Stress tensor
&;j =Strain tensor

1+v v
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. 1-2v S -
e=—: @
1+v
Asjj = TAGH (8)
1+v v o
. 1-=2v n 11
e=—: (11)
1
S+ T 8- g -~ 'S+1TVVAS.I:0 (12)
1 , v
Jik,jk+o}k.ik_Acij _1+V S+mAS! = 0 (13)
From Beltrami
1

AS+—— . f = 14

S+q=y fi=0 (14)
fi=body forces

External forces
Tij = 0ijn;
Tensoria relation

1+v v

€jj = To'jj — Eél]s (15)
Ojj = )\6”9 + 2G8jj (16)

dj;=Kroniker delta (unit tensor)
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1 0 0
I I
I=unity ; I=|0 1 0|
0 0 1
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L | otherwise
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2(1+v)

E=Young’s modulus
v=Passion’s ratio
Lame’s coefficients

A= Ev
T (@+v(@-2v)

1
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yij =Strain tensor

u;; = Displacements gradient for Cartesian coordinate
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u,v,w=1,2,3

Q;; = Rotational strain tensor

1
Qjj = 5 (uij = uj) (23)
Q. — 1(61,1 ov 24
X729y oz (24)
QY
_ 1 ( du oJdw 25
29z ox (25)
Q = 1(6v ou 26
27 2'%x oy (26)

6. Result and discussion

The stresses of a spherical dome have then been analyzed using shape function. The
outputs are calculated and plotted against the added loading. Dynamic analysis of three-
dimensional dome structura is a direct extension of static analysis. The éastic stiffness
matrices are the same for both dynamic and static analysis. It is only necessary to lump the
mass of the structure at the joints. The addition of inertia forces and energy dissipation forces
will satisfy dynamic equilibrium. The dynamic solution for steady state harmonic loading,

without damping, involves the same numerical effort as a static solution.

The performance of this new formulation has been tested through a variety of linear and
nonlinear mechanical problems. In al of these tests, the new shape function showed better
performance than the previous formulation. In particular, the improvement is significant in the
three-dimensional dome structural test. Figure(2-4) shows the geometry, loading ,boundary
conditions ,orientation and coordinates system for this problem.

The radius is R=20m, the thickness t=0.7m, Young’s modulus E=8.3x10° and Poisson’s
ratio v= 0.4. Due to symmetry the three dimensional pre-tensioned spherical dome is meshed
using a single element through the thickness and with three unit loads along directions Ox, Oy

and Oz The element is the standard, multi-node, full integration solid element. The results are
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reported in Table 1 in terms of the normalized displacement at the load point and then the
output used to simulate the model in the Nastran Program.

Table (1). Shape Functionsfor a Nine-Node 20 Element .

Normalized Displacement
Optional Nodes Shape Function
P(x,y,2)

u v w
3 ay 1 1 -1
4 xy? -1 1 0
5 xy? 0 -1 -1
6 y* 1 0 1
7 xy? 0 1 0
8 Xyz - 0 -1
9 Xz 0 0 0

Figure(2). Dome.
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Figure(3). Spherical dome orientation.

0%, y,2)

Figure (4). Spherical Coordinate Systems.
The solution of shape function is obtained with multi e ement; the nonlinear response to the

initial radius is accurately recovered with (nxn) mesh of elements for a hemispherical dome.
The model output used in the Nastran Program to build the dome structure, to smulate the
dome stresses and deformation, and to draw stresses within total translation, within total

rotation and maximum shear stresses, which isindicated in Figure (5-10)

39



Thi_Qar University Journal for Engineering Sciences, Vol. 2, No. 4 _

i
L1
=]
[01]
S
Lo
e
.7
186
na
2
¥
"
Duiput 5ot MECAASTRAH Cacn 1
=

Figure(5). Output MSC NASTRAN Dome Building.
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Figure(6). Output MSC NASTRAN Dome stresses and defor mation.
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Figure(7). Stresses within total trandlation.

Figure(8). Stresseswithin total rotation.
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Figure(10). Max shear stresses.
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7. Conclusion

This study demonstrated how to solve an elasticity problem using the proposed
shape stress function. It showed how the method can be applied to find the stresses
and displacements at any point on a 3-dimensional dome subjected to different boundary
conditions. This led to how this stress function can be applied to any phase dome in finding
the stresses and displacements at any point.

The aims of this paper is to enhance understanding of shape function of dome structures
from theoretica point of view and to provide insights into the problems associated with
computational modeling of their structural form and behaviour. The most commonly used
computational approach is described, together With abrief evaluation of the method
1-Output stress resultants, shear forces and moments for dome structure elementsis a required
anaysis output for any plate and shell type structure.

2- Displacements could be specified in a spherical coordinate system. This simplified the
enforcement of boundary conditions on axisymmetric models.

3- Demonstrated how the stress function is applied to the spherical dome. On studying the
graphical representation of the result, it can be seen that al stresses within dome surface are
constant and the shear stress is zero when subjected to a hoop stress. The maximum
stress occurs at the boundary of the dome intersecting the y-axis and is decreased aong the
boundary of the disc as it nears the x-axis. The maximum compressive stress occurs at
the boundary intersecting with the x-axis and decreases as it nears the z-axis along the
interfacing boundary.

4- The stresses in the spherica dome are three dimensional at the top of the spherical dome;
the value of the circumferentia strain is equal to that of the radia strain because the stretching
isuniform in al directions at the apex. Furthermore, the circumferential strain isfixed at zero

at the edge of the spherical dome, due to the clamping condition at the boundary.
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9. Nomenclature

o(x,y,2) Shape function, [dimensionless]

Ox Stressin x-direction, [N/m?]

oy Stress in y-direction, [N/m?]

Tay Shear stressin xy direction, [N/m?]

Tjj External forces, [N]

0ij Stress tensor, [N/m?]

& Strain tensor, [N/m?]

0jj Kroniker delta (unit tensor), [dimensionless]
E Young’s modulus, [N/m?]

Y Passion’s ratio, [dimensionless]

A Lame’s coefficients, [dimensionless]

Yij Shear Strain tensor, [dimensionless)

Uj Displacements gradient for Cartesian coordinate, [mm]
Qij Rotational strain tensor, [dimensionless]

Vector differential operator (Del or Nabla), [dimensionless]
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Abstract

In this paper an Artificial Neural Networks (ANNs) model is developed to predict the shear
strength of concrete beams reinforced with fiber reinforced polymer (FRP) bars. An
experimented data set collected from the experimental studies on concrete beams reinforce
with FRP bars are used in the artificia neural network. They are arranged in a format of six
input parameters including the width and depth of beams, compressive strength of concrete,
modulus of elasticity, reinforcement ratio of FRP and the shear span to depth ratio and one
output parameter which is shear strength. A parametric study is carried out using ANN to
study the influence of each parameter on the shear strength of concrete beams reinforced with
fiber reinforced polymers; the results showed that the shear strength increases with increasing
all parameters used in ANN model except the shear span to depth ratio. In this case, as the
shear span to depth ratio decreases, the shear strength increase. The results of this study
indicate that the ANN provides good prediction as compared to the experimental data and the
empirical equations.
Keywords. concrete; beams; fiber reinforced polymers; Shear; Artificia Neural Networks.
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1. Introduction

FRP bar is made from filaments or fibers held in a polymeric resin matrix binder. The
FRP Bar can be made from various types of fibers such as Glass (GFRP) or Carbon (CFRP).
FRP bars have a surface treatment that facilitates a bond between the finished bar and the
structural element into which they are placed [1].

During the last two decades, fiber reinforced polymer (FRP) materials have been used in a
variety of configurations as an aternative reinforcement for new and strengthening civil
engineering structures. The attractiveness of the materia lies mainly in their high corrosion
resistance, high strength and fatigue resistance. In some cases, the non-magnetic
characteristics became more important for some special structures. An important application
of FRP, which is becoming more popular [2], is the use of FRP as reinforcement in concrete
structures. The use of the FRP in concrete structures includes: (a) the interna reinforcing (rod
or bar) which will be used instead of the steel wire (rod) equivalent; and (b) the external
bonded reinforcement, which is typicaly used to repair/strengthen the structure by plating or
wrapping FRP tape, sheet or fabric around the member.

There are fundamental differences between the steel and FRP reinforcements: the latter
has a lower modulus of elasticity, The modulus of elasticity for commercially available glass
and aramid FRP barsis 20 to 25 % that of steel compared to 60 to 75 % for carbon FRP bars
[1] and linear stress-strain diagram up to rupture with no discernible yield point and different
bond strength according to the type of FRP product. These characteristics affect the shear
capacity of FRP reinforced concrete members. Due to the relatively low modulus of elasticity
of FRP bars, concrete members reinforced longitudinally with FRP bars experience reduced
shear strength compared to the shear strength of those reinforced with the same amounts of
steel reinforcement. This fact is supported by the findings from the experimenta
investigations on concrete beams without stirrups and reinforced longitudinally with carbon
and glass FRP bars [3, 4].

El-Sayed et al. [4], carried out an experimental study to investigate the shear strength of
concrete beams without shear reinforcement (stirrups) and reinforced in the longitudinal
direction with different types and ratios of FRP bars. They found that the ratio of shear
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strength of concrete beams reinforced with FRP bars to that of beams reinforced with steedl is
proportional to the cube root of the axial stiffness ratio between FRP and steel reinforcing
bars. El-Sayed et a. [5], They proposed equation to calculate the shear strength of concrete
beams reinforced with FRP bars. They verified the proposed equation with many test results.

F.M. Wegian, H.A. Abdalla [6], presented an experimental investigation on the behavior
of concrete beams reinforced with different FRP bars. Three beams were reinforced by GFRP,
Isorod, two beams were reinforced by GFRP, C-bar, and two beams were reinforced by
CFRP, Leadline. The ultimate behavior of the seven simply supported FRP reinforced
concrete beams was used to evaluate their flexural and shear capacities. They concluded that
the concrete beams reinforced with fiber reinforced polymers, behave linearly up to cracking,
and linearly after cracking with reduced stiffness. Strains and deflections are generally higher
in concrete beams reinforced with FRP bars than in concrete beams reinforced with steel.
Omeman et a. [7], investigated the shear strength, deflection, and mode of failure of concrete
short beams reinforced with CFRP bars and compared with that of similar beams reinforced
with steel bars. The experimental study showed that using CFRP bars as tensile reinforcement
in RC short beams had a significant effect on the shear strength and deflection of tested
beams.

Soft computing is a new field appears in recent past to solve some problems such as
decision-making, modeling and control problems. Soft computing is an emerging approach to
computing with paralels the remarkable ability of the human mind to reason and learn in an
environment of uncertainty and imprecision [8]. Soft computing consists of many
complementary tools such as artificial neural networks.

Artificial neural networks have been used extensively in the area of civil engineering to
solve many problems. Rafiq et d. [9] presented practical guidelines for designing Artificia
Neura Networks for engineering applications. Hsu and Chung [10] developed a mode of damage
diagnosing for reinforced concrete structures with artificia neurd network technique. Learning
procedure for the network showed that the capability of the convergence is acceptable, and the test
results showed the proposed technique to be efficient for the structurd damage diagnosing
purpose. Cladera A. [11] developed an artificid neural network to predict the shear strength of
reinforced concrete members without stirrups reinforcement based on database available from
experimental tests. Based on the artificial neura network results, a parametric anaysiswas carried
out to study the influence of each parameter affecting the fallure shear strength. Ind [12]
developed an ANN model to estimate the strength of RC columns whaose behavior is dominated

by flexural failure. Experimental data of 237 rectangular columns from an existing database were
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used. Abdallaa et d. [13] presented agpplication of ANN for predicting the shear resistance of
rectangular R/C beams. Six parameters that influence the shear resistance of beams are used as
input for the ANN. It is concluded that ANN can predict the shear resistance of rectangular R/C
beams, to a great degree of accuracy.

Most of the problems solved in civil and structural engineering using ANN predicts the
behavior of structural elements such as beams and columns based on given experimental
results that are used as a training, testing and verification data. Artificial neura networks
(ANN) are the most commonly used in structural engineering applications where a set of
input parameters are mapped through single or several hidden layers, using weights, into
output parameters.

In this study an Artificial Neural Network (ANN) model is developed to predict the shear
strength of concrete beams reinforced with FRP bars. The results obtained by ANN model are
compared with experimental values and with those determined by other models to assess the
efficiency of these models. The developed ANN model is also utilized to evaluate the
influence of various variables which govern the behavior of such members. The study based
on the available databases with 76 tested members. The data set is randomly split into two
groups: the first group of 64 is used for training the neural network model, and the remaining
12 data (about 16% of the data) are used for testing the model.

2. Review of the design equations

Most of the shear design provisions incorporated in codes and guides are based on the
design formulas of members reinforced with conventional steel considering some
modifications to account for the substantial differences between FRP and stedl reinforcement.
These provisions use the well-known V. + Vs method of shear design, which is based on the
truss analogy. This section reviews the concrete shear strength of members longitudinally
reinforced with FRP bars (V) [5, 14, 15].

a-American concreteinstitute (ACI 440.1R-03)
The equation for shear strength proposed by the American Concrete Institute (ACI
440.1R-03) [14], can be expressed as follows:

—prf(‘/Ebwd]Sﬁbwd 1

Ver = 9087\ 6 6

b-Tureyen and Frosch equation [15]
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This equation developed by Tureyen and Frosch [15]. It was developed from a model that
calculates the concrete contribution to shear strength of reinforced concrete beams. The
equation was simplified to provide a design formula applicable FRP reinforced beams as

follows;

2 (Jf! | )

V=5 e

where ¢ = kd= cracked transformed section neutral axis depth ( mm).

k=2ppns + (prng)* = pymy

c- El-Sayed et al. equation [5]
They were applying the same procedure in ACI 440.1R-03 to derive Eg. 1 above, with

some modification for proposing the Eq. below :

v, = 0037 (LU f‘/f)lﬂb d < ‘/Z‘:bwd 3

According to ACI 440.1R-03, the factor g, in the denominator of Eq. 3 is a function of

the concrete compressive strength. It can be smply expressed by the following equation:
0.85 =, = 0.85—0.007(f, —28) = 0.65

3. Shear database

From the review of literatures [4, 6, 7, 15-26], a number (76) of shear strength test are used
for developing the ANN. The all specimens were simply supported and were tested in three-
point loading. The main reinforcement of all specimens is FRP ( carbon FRP bars, and glass
FRP bars) and there is no transverse reinforcement. All specimens were failed in shear, in
other words, the failure of specimens is due to the propagated the cracks from the support
toward the point of load application in an inclined direction. The collection data are divided
into two sets: atraining set containing 64 members, and testing set comprised of 12 members.

Six input variables are selected to build the ANN model. These variables are width (b,,),
and depth (d) of the beams, modulus of easticity of FRP (Ef), compressive strength of

concrete (f ), reinforcement ratio of FRP (p,) and the shear span to depth ratio (a/ 4)- The
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output value is the shear strength of FRP beams. Table 1 summarizes the ranges of the
different variables.

Table (1). Range of parametersin the database.

Parameters Range
Width of beams (b,,) mm 89-1000
Effective depth of beams (d) mm 143-360

Shear span to depth ratio (¢/ ), 1.3-6.5
Compressive strength of concrete (f.) MPa 24-81
modulus of elasticity of FRP (Ef) (GPa) 37-145

I Reinforcement ratio of FRP (py) 0.25-2.63 I

4. Artificial Neural Network Model

Neural networks can be thought of as *“computational system” that accept inputs and
produces outputs [27]. Figure(1) shows atypical neura network structure consisting of three
layers[27]:
elnput Layer: A layer of neurons that receives information from external sources, and passes
this information to the network for processing. These may be either sensory inputs or signals
from other systems outside the one being model ed.
eHidden Layer: A layer of neurons that receives information from the input layer and
processes them in a hidden way. It has no direct connections to the outside world (inputs or
outputs information). All connections from the hidden layer are to other layers within the
system.
eQutput Layer: A layer of neurons that receives processed information and sends output
signals out of the system.

Additionally bias, acts on a neuron like an offset. The function of the biasis to provide a

threshold for the activation of neurons. The bias input is connected to each of the hidden and
output neurons in a network.

The number of input neurons corresponds to the number of input variables into the neura
network, and the number of output neurons is the same as the number of desired output
variables. The number of neurons in the hidden layer(s) depends on the application of the
network.
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As inputs enter the input layer from an external source, the input layer becomes “activated”
and emits signals to its neighbors (hidden layer) without any modification. Neurons in the
input layer act as distribution nodes and transfer input signals to neurons in the hidden layer.
The neighbors receive excitation from the input layer, and in turn emit an output to their
neighbors (second hidden layer or output layer). Each input connection is associated with a
quantity, called “a weight factor” or *“a connection strength” [27].

The strength of a connection between two neurons determines the relative effect that one
neuron can have on another. The weight is positive if the associated connection is excitatory

and negative if the connection isinhibitory [27].

5. Shear strength of concrete beamswith (FRP) barsusing ANN

ANN is used to investigate the shear strength of concrete beams reinforced with FRP bars.
The configuration and training of neural networks is a trail-and-error process due to such
undetermined parameters as the number of nodes in the hidden layer, and the number of
training patterns.

In the developed ANN, there is an input layer, where input data are presented to network
and an output layer, with one neuron representing shear strength of concrete beams reinforced
with FRP bars. One hidden layer as an intermediate layer is aso included. The network with
one hidden layer and four nodes in the hidden layer gave the optimal configuration with
minimum mean square error (MSE).

Six input variables are: width (b,,), and depth (d) of the beams, modulus of elasticity of
FRP (Ef), compressive strength of concrete (f.), reinforcement ratio of FRP (p;) and the
shear span to depth ratio (¢/ i

The back-propagation neural network model used for this study is trained by feeding a set
of mapping data with input and target variables. The main objective of training the neural
network is to assign the connection weights by reducing the errors between the predicted and
actual target values to a satisfactory level. This process is carried out through the
minimization of the defined error function by updating the connection weights. Also, the
number of hidden layers, number of hidden nodes, transfer functions, and normalization of
data are chosen to get the best performance of the model. After the errors are minimized, the
model with all the parameters including the connection weights is tested with a separate set of
“testing” data that is not used in the training phase. At the end of the training, the neural

network represents amodel that should be able to predict the target value.
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The network has trained continually through updating of the weights until error goa of
15.1*10* is achieved. Figure (2) shows the performance for training and generalization
(testing). A redlient back propagetion training algorithm is used to train the network, for 800
epochsto check if the performance (MSE) for either training or testing sets might diverge.

The network performance with resilient back propagation training agorithm have been tested
for training and testing patterns, as shown in Figures (3 and 4). A good agreement has been
noted in the predicting values compared with the actua (targets) values.

6. Parametric analyses based on ANN

Once the artificia neural network has been trained, a parametric analysis is used to study
the influence of the various parameters on the shear strength of beams. The basic idea is to
predict the effect of varying the value of only one variable while the remaining variables are
kept constant with the same updated weights and bias matrices after being trained.

Figure(5) shows the effect of width of specimen on shear strength of concrete beams
reinforced with FRP. It can be seen from this figure that the shear strength variation is non-
linearly with width of specimen and as the width increases, the shear strength increase and
this in agreement with the results obtained by Egs. (1), (2) and (3).

In Figure6 the shear strength of concrete beams reinforced with FRP is plotted versus the
depth of member (d mm). It can be clearly seen from the figure that the increase in depth of
beams leads the shear strength to increase. which is in agreement with the experimental
results of Omeman et a. [7] and the ACI 440.1R-03, Tureyen and Frosch and proposed by El-
Sayed et a equations [4,14,15] respectively. The result in this study supports and proves that
the beam’s effective depth has a significant effect on the shear strength, so the shear strength
isafunction of the beam effective depth in addition to other parameters.

The results of five concrete beams reinforced with FRP with a compressive strength of
concrete varying from 25 to 80 MPa showed that the shear strength increased as compressive
strength of concrete (/) increased as shown in Figure (7). The conclusion of increasing shear
strength with increasing . isin agreement with the Canadian standard (CSA 2002) [28] and
the American Concrete Institute (ACI) [14]. According to ACI the shear strength of beams
reinforced with FRP can be estimated by using Eq. (1). Egs. (2) and (3) aso strongly
supported this observation. Also El-Sayed et. al. [17] in experimenta study, showed that the
shear strength of concrete beams reinforced with FRP increased with increasing f; .

Figure (8) shows the influence of modulus of elasticity (Ef) of FRP on shear strength. As

smaller to previous parameter when the Ef increases, the shear strength increase. El-Sayed
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[18] concluded that the shear strength of concrete beams reinforced with FRP increased with
increasing the modulus of easticity of FRP with same amount of FRP. Also Esg. (1), (2)
and (3) supported this conclusion.

The shear span to depth ratio has a very important influence on the shear strength of
concrete beams reinforced with FRP. Figure (9) shows that the relationship between shear

span to depth ratio ( a/d) and shear strength is non-linear and also can be seen that the shear
strength significantly increased with decreasing @/,. Figure (9) shows that the decreasing 4/
by 35% in other words, from 2 to 1.3 increased the shear strength by 184%. El sayed [18]

found that the shear strength of concrete beams reinforced with carbon fire reinforced
polymer increase with decreasing shear span to depth ratio. He found that when the
decreasing a/d by 23.1% (from 1.69 to 1.3), increased the shear strength by 90.8%. Also
Figure(9) shows that the increasing in shear strength is insignificantly after a/d > 2.5 this
may be attributed to the fact that the beam behaved as a deep beams when a/d < 2.5, in this
case the arch action will be occurred. For such beams, a significant of redistribution of
internal forces expected after cracking and alarge part of shear force is transferred to support,
however, the arch action enhance the shear strength of member [4, 18, 29].

In the present study, also a sensitivity notation has been conducted using ANN mode to
investigate the effect of longitudinal reinforcement ratio (p) on the shear strength of FRP
reinforced concrete beams without stirrups. Figure (10) presents the effect of p; on the shear
strength of reinforced concrete beams. It is shown that the shear strength increases with
increase the ratio of FRP (pf). However, a linear relationship is seems in Figure(10). In
general this prediction is agree with the experimental study conducted by different authors
[7, 18, 26].

It is observed from these figures that the shear span to depth ratio (a/ q) 1 the most

important factor among the input variables.

7. Comparison between experimental and theoretical results

The predictions of shear strength of beams reinforced with FRP as that obtained from
ANN, ACI 440.1R-03, Tureyen and Frosch equation, and proposed equation by El-Sayed et
al., are compared with the experimental results and shown for both training and testing setsin
Figures(11 and 12) and Table (2).
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In Table (2) the ratios of experimental (V) to theoretical (Vi) predictions of the shear
strength of beams reinforced with FRP along with their average and standard deviation are
presented. The theoretical predications include those obtained by ANN (V3i), proposed
equation by El-Sayed et a. (V2), ACI 440.1R-03 (V3), and Tureyen and Frosch equation
(V4). It can be seen that ANN model gives average values for testing set of V¢V, of 0.97 and
standard deviations of 0.1 which is much better than the values obtained from other methods.
Figures (11 and 12) confirm the same conclusion that the predictions of ANN model are
better than those of the other methods.

Also in Table (3) the correlation coefficient R of predicted shear strength that evaluated by
ANN and the other methods are summarized. As shown in Table (3), the ANN produces a
higher correlation coefficient R as compared with the other methods. Therefore the ANN can
serve as reliable and simple tool for the prediction of shear strength of beams reinforced with
FRP.

8. Conclusion

This research can be considered as contribution to an ongoing effort to develop artificial
neural network system for solving the civil engineering problems. In this study the model
based on Artificial Neural Network (ANN) are developed to predict the shear strength of
beams reinforced with FRP. A database of a seventy six (76) tests data developed from the
review of literature for the training and testing of model. Six variables are selected as input to
ANN model with one target variable, shear strength of beams reinforced with FRP.

With the developed ANN, predictions of shear strength are made using back-propagation
neural network as well as available methods, and they are also compared with experimental
results. We found that the ANN prediction agree much better with the experimental values as
compared to those from the other methods. The results of this study indicate that ANN
provides a reliable and simple tool for the prediction of shear strength of beams reinforced
with FRP. Also through the parametric study based on ANN, the network is able to learn about
the effect of each input variables on the final outputs.
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Table (2). Comparison Between Experimental and Analytical Results Obtained by
Different Methodsfor Training and Testing Setsfor Shear Strength reinforced with
FRP.
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Table(2). Continued.
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Table (3). Comparison summary of correlation R.

Tpe
ANN 0.995 0.993

e
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Best Training Performance is (.0015101 at epoch 800
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Test

Mean Squared Error (mse)
=

k )
Wl '\:)
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Figure (1). Structureof atypical multilayer Figure (2). Convergence of the ANN for
neural. training and testing sets.
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Figure(3). Comparison between ANN results and Figure(4). Comparison between ANN results
target resultsfor training patterns sets. and target resultsfor testing patterns sets.
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Figure(5). Effect the width of beams on

shear strength of FRP beams. Figure(6). Effect the depth of beams on

shear strength of FRP beams.
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Figure(7). Effect of the compressive strength of  Figure(8). Effect of the modulus of elasticity
concrete on shear strength of FRP beams. (Ef) on shear strength of FRP beams.
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Figure(9). Effect the shear span to depth Figure(10). Effect of the reinfor cement ratio
ratio on shear strength of FRP beams. on shear strength of FRP beams.
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Figure (11). Comparison experimental and predicted valuesfor training data Set.
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10.Nomenclature

V,.: Shear strength.

Ve r: The shear resistance of members reinforced with FRP bars as flexural reinforcement.
V.. The shear strength provided by the concrete.

Ve: The shear strength provided by stedl.

b,,: Width of the specimen.

d: Effective depth of the specimen.

E¢: Modulus of elasticity of fiber reinforced polymers

py: Reinforcement ratio of flexura FRP.

ny: ratio of the modulus of elasticity of FRP bars to the modulus of elasticity of concrete.
[ : Compressive strength of concrete.

fy: Yield strength of the mesh wire.

4/ 4 Shear span to depth retio.

B4 function of the concrete compressive strength ( f).
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Experimental Investigation of Variation in Mechanical and
Microstructural Properties Along the Length of Smilar AA6063
FSW.

Adnan A. Ugla

M echanical Engineering Department
College of Engineering
Thi-Qar University

Abstract

In this paper, 6063-T4 Al-alloy sheets with dimensions (6x90x200) mm were joined via
friction stir welding (FSW). Tow sheets were but welded with square mating edges. The
rotating welding tool made of tool stedl heat-treated to HRC 60. The temperature distribution
had been investigated experimentally with constant revolution speed and constant linear
speed. A digital reader of twelve channels was used to read and record the temperature with
time at each channel as an excel table. Nine K-type thermocouples were positioned along the
weld length. The mechanical properties were evaluated (such as tensile strength ,
microhardness, and microstructure tests) at room temperature in several positions along the
length of the joint. The results show that the max. temperature was conducted at the end of the
weld to be 375C°. The relationships between the peak temperature and the time, distance from
start, microhardness, tensile strength, and microstructure were discussed. The hardness of the
stirred zone was more than the base metal hardness due to refinement of grains by friction stir
process. The strength and hardness of the FSW were as min. at the end of the weld due to
increasing in heat input to the joint at this region which lead to grain growth at the

microstructure of last region.

Keywords: friction stir welding, Temperature distribution, mechanical properties, friction stir

process.
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1. Introduction
Friction stir welding (FSW) is an efficient solid joining process that has numerous
potential applications in many domains including aerospace, automotive and shipbuilding
industries as well as in the military. It combines frictional heating and stirring motion to
soften and mix the interface between the two meta sheets, in order to produce fully
consolidated welds. One of its main qualities lies in the possibility of joining materials
previoudy difficult to weld, and to offer excellent mechanical properties [1]. The weld is
made by inserting a usually threaded pin or nib into the faying surface of the butt welded
parts. The nib istypically dightly shorter than the thickness of the workpiece and its diameter
is approximately the thickness of the workpiece . The pin is mounted in a shoulder that may
be three times the diameter of the nib. The nib and shoulder are pressed against the
workpiece, rotated at several hundred revolutions per minute, and advanced along the faying
surface. FSW has been primarily used on aluminium aloys (e.g. aloy series 2000, 6000, 7000
and numerous Aluminum — Lithium aloys) and produces nearly defect-free welds for such
demanding applications as space hardware at lower cost than conventiona fusion welds [2,3].
The low distortion solid —phase welds exhibit metallurgical and mechanical fusion welds
achieved by arc processes and additional studies have concluded that the FSW process could
significantly improve weld quality and lower production costs associated with welding [4].
The problems related to the presence of brittle inter-dendritic and eutectic phases are
eliminated [5-6]. The thermo-mechanical affected zone is produced by friction between the
tool shoulder and the plate top surface, as well as plastic deformation of the materia in
contact with the tool [4]. Systematic welding trials have covered various Aluminum Alloys
according to the (2XXX(AI-Cu), 5XXX (Al-Mg), 6XXX( Al-Mg-Si), 7XXX (Al-Zn) and
8XXX (Al-Li) series alloys and each ahigh level of weld quality and process repeatability has

been observed [7].
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In the present paper, 6063 Al- alloy sheets (with 6 mm thickness) were joined via friction
stir welding (FSW), and the temperature distribution had been investigated experimentally
(with constant revolution speed and constant linear speed) along the weld length. The
mechanical properties were evaluated by means of tensile and hardness tests at room
temperature along the weld length in addition the material microstructure and the different
phases were investigated by means of optical observation in different sections aong the
length of the produced joints.

2. Experimental procedure
2-1. Materials

The material under investigation was a 6063 Al-Mg-Si aloy as rolled sheets of 6 mm
thickness with the composition shown in Table (2-1)

Table (2-1).Chemical composition of Al-Mg-Si alloy [8,9].

Element S Fe Cu Mn Mg Zn Cr Al
composition %
ASTM 0.2-06 | 0.35 0.1 0.1 | 0.45-0.9 0.1 0.1 Rem.
Standard
As measured 0.21 015 | 0.03 | 0.01 0.40 0.01 0.01 Rem.

In order to investigate mechanical properties of the workpiece before welding process, a
series of tensile tests had been performed to determine the max. tensile strength and
elongation. Tensile specimens were machined according to ASTM standard. Tensile results
for the material before welding process are listed in Table (2-2), while standard tensile test
results for different classes are given in Table (2-3).

Table (2-2).Tensletest resultsfor present work.

Ultimatetensile Hardness Elongatio
6063 Al-alloy strength M Pa HV Mpa %
142 63.5 18

Table (2-3). Standard tensiletest resultsfor Al-Mg-Si alloy [8].

Temper Proof strength Tensile strength Elongation Hardness
0.2% MPa M Pa % HV
0 50 100 27 85
T4 90 160 21 50
T6 210 240 14 80
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From tables above, it is obvious that the selected alloy was solution heat-treated and
naturally aged to a substantially stable condition, hence the selected aloy is 6063-T4.
2-2. Configuration of tool and workpiece

A schematic of the welding sequence for a FSW process is shown in Figure (2-1). A

specially cylindrical (heat-treated to HRC 60 tool steal) tool with a probe extending from the
shoulder. The probe may have a diameter one-third of the cylindrical tool and typicaly has a
length dlight less than the thickness of the workpiece [10]. A welding tool comprised of a
shank, a shoulder and pin is fixed in a milling machine holder and is rotate along its
longitudinal axis. Workpiece material is held firmly in place in a fixture as shown in
Figure (2-2). Two 6063-T4 Al-aloy plates, each with a dimension of 200x90x6 mm were butt
welded in the adapted vertical milling machine perpendicularly to the rolling direction Figure
(2-3). The two plates, with square mating edges, are fixed on a rigid backing-plate, and a
clamp or anvil prevents the workpiece from spreading or lifting during welding. The rotating
welding tool is slowly plunged into the workpiece until the shoulder of the welding tool
touched the upper surface of the plate material.

SuffMicient downward force to
maintain registered contact

—ig— )
Joint # & B
-} i
L =

[Leading edge
of the rotating

Advancing side
of weld

Roctrcatime side
of weld

tood

Trailing edge of
the rotating tool

Probo

Figure (2.1). Schematic representation of FSW of a butt joint [4].
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Figure(2-2).Shows (a) thermocouple
reader connect with 9- K type

ther mocouples,(b) thermocouples
distributes along the workpiece
surface, and (C) Thetool move with
rotational speed 1400 rpm and travel
speed 110 mm/ min.

Figure (2-3).Two 6063-T4 Al-alloy platesto be welded before and after FSW.

Thetool rotate at the selected revolutional speed for about (30-45) seconds dwell period for
prehesting [11]. Then the welding tool is forcibly traversed along the joint line until the end
of the weld is reached. After that the welding tool has been retracted and the pin of the
welding tool leaves a hole in the workpiece at the end of the weld. Table 2-4 shows the

processing conditions with constant the revolutionary pitch (welding speed/rotating speed).
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Table (2-4). Thewelding conditions.

Rotating speed Welding speed Revolutionary pitch
RPM mm/min mm/rev.
1400 110 0.0785

2-3. Measurement of temperature distribution
Nine positions were pointed out on one face of the plates to be welded on the same side

and equal distance aong the line of the welding as shown in Figure (2-4).

Start weld point Rotation direction

TC
B 200 mm
Figure (2-4). Layout of the ther mocouples on the wor kpiece surface.

K-type thermocouples with diameter of 1mm were used. The sensing head of the
thermocouples is approximately 1mm long. A drill machine was used to make holes of 1 mm
diameter with Imm depth in the nine positions [12,13]. The rotational speed and the moving
speed direction of the tool are shown in Figure (2-4) and the thermocouples are lined on the
same side of the setup workpiece with a distance (11 mm) from the joint line, which means
that the thermocouples are positioned at the rim of the shoulder when the tool passes by the
thermocouples without destroyed them. A digital reader of twelve channels was used to read
and save the temperature readings at the same time. Nine-thermocouples were connected to
the reader. In the start it read the temperature of the surrounding , then the temperatures will
increase during the tool movement and the reader will save these temperatures every one
second. The readings were saved in separated Ram which can be inserted in computer to

display on the monitor as an axel table.
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2-4. Mechanical tests
In order to investigate mechanical and microstructural properties of welded joints and to
evauate the effect of cumulative temperature on the properties, some of destructive tests have

been conducted.

2-4-1 Tensiletest

Tensile specimens were machined from the welds according to ASTM sub-size specimen
geometry shown in Figure (2-5). The tensile tests were performed in order to evauate the
mechanical propertiesin the different welding positions which were calcul ated in longitudinal
direction. The test was carried out at room temperature using testing machine in a direction
transversal to the welding line (transverse specimens). The results of tensile strength and
microhardness were averaged of three specimens at each location.

F———32mm— ps ——— 32mm—| G_mm

-E_ B
=
|

{—— |

100 m1n I

Figure (2-5). ASTM sub-size samplefor tensile test.

2-4-2 Microstructuretest

Microstructure investigation of welded joints specimens for the microstructure analyses
were prepared by standard metallographic techniques and etched with killer's reagent to
reveal the grain structure. The microstructure and different phases were observated in the
centre of the joint (stirred zone).

2-4-3 Microhardness test

The same specimens of metalurgical tests were prepared for the microhardness
measurements were made at mid-section of the joint every (25mm). Microhardness was
employed with load (0.5 Kg) by using a ( Micro - Veckers Hardness syssem CV-400 DM)
microhardness tester accordance with ASTM.
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3. Results and discussions

3-1 Temperature-Time history with moving heat source

Variation of peak temperature is shown in Figure (3-1), which represents a temperature —
distribution along the longitudinal direction for nine nodes shown in Figure (2-4). Region 1
shows plunging and dwell period in which the tool rotate at the same position for 35 seconds
with rotational speed of 1400 rpm to increase the base metal temperature (pre-heating) as
shown in Figure (3-2 a). Region 2 represents the variation of temperature during tool
movement. It is obvious that the temperature increase at the beginning due to increase of heat
input by dwell, then the temperature decrease and then it increase. The reason of the first
increasing in temperature is that the tool is staying near dwell starting position and when the
tool moves it will enter the cold area as shown in Figure (3-2 b), therefore, the temperature
reduces. After that the effect of heat accumulation will contribute by raising the temperature
Figure (3-2 c¢). Figure (3-1) shows that the temperature at the end of the tool movement is the
highest. Figure (3-3) shows the temperature variation which record by using thermocouple
reader by means thermocouple distribution along the length of welded joint. It was obvious
that the temperature rises slightly until get max. at the location 8 due to cumulative heat with
movement of tool during welding aong the joint length as shown in Figure (3-2 d).

3-2 Microhardness test results

Hardness profiles for each sample along the weld length are shown in Figure (3-4). From
the figure it was obvious that there is an increase in the hardness across the welds compared
to the value of the base metal (HV5005=63.5). It is thought that the increase in hardness was
due to equiaxed structure or reprecipitation of the solid solution. Furthermore, it can see that
hardness value decrease with an increasing in the distance which mean that the temperature
become max. at this position (375 C°). The hardness variation along the weld length with
variation in temperature during welding time as shown in Figure (3-4) and Figure (3-5). The
decrease in hardness at position 8 (HVse0g= 60.6) may belong to the dissolution of precipitates
into solution and subsequently the weld cooling rates do not favour nucleation and grains are

growing in al the stirred zone as shown in paragraph (3-4).
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3-3 Tensiletest results

Figure (3-6) shows the ultimate tensile strength at selected positions with constant
distance (25 mm) aong the weld length. Many of researchers [10,14,15] emphasized that
there is a reverse effect between the max. tensile strength and travel speed of the tool, and
they show that the max. tensile strength decreases with increasing of rotational speed of the
tool, the reason may belong to the heat input to the workpiece so that the strength decrease
with increase of heat input (increase rotational speed or decrease of travel speed) and it
increase with decrease of input heat (decrease rotational speed or increase of travel speed). In
the present case the rotational speed and travel speed were taken as constant values (constant
revolutionary pitch) Table (2-4). From the Figure (3-7) it is obvious that the tensile strength
decrease with the length of welded joint in the direction of welding. It is believed that the
decrease in weld strength with increasing the distance along weld direction was attributed to
increase in heat input per unit length of weld due to cumulative heat during welding,
therefore, the position (8) had temperature 375C° and the position 2 developed high
temperature (315 C°) due to dwell period, for this reason the tensile strengths were min. at
these positions, because the high temperature at these positions resulted in more over aging of

the weld zone and produce change in microstructure.

400
350
300
250
200

150

Peak temperatures

100 1 7 3
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0 79 8 90 105 110 177 183 188 195 209 217 226 264 536 553 745 2635 2635 2635
Time (seconds)

Figure (3-1). Peak temperature variation during welding and cooling.
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Figure (3-2). Thermal history in thermocouple positions (2, 3, 7 and 8) along the weld
length show temperatur e profile ver sus welding time.
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Figure (3-3). Peak temperaturesprofilein FSW along the weld length.
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Figure (3-7). Max. tensile strength ver sus peak temper ature at each certain position

along weld length.
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3-4 Microstructuretest results

Figure (3-8) shows the microstructure of the base metal before welding. It is obvious that

the base metal exhibited elongated grains due to rolling process.

Figure (3-9) shows the microstructure of the weld zone in FS zone along the length of
the joint. From the figure it was clear that the grains had produced at the stirred zone to get
refined grains at the weld centre due to friction stir process see Figure (3-9 positions 3, 4, 5,
and 6). But the cumulative heat during FSW which reaches to about 375C° at end of tool
movement affect the grains to grow, therefore, the grains are equiaxed and large Figure (3-9
positions 7&8). It is known that the Al-Si-Mg aloy may be recrystallized and grow at
temperature range (200-330)C° [16]. The experimental rsults show that the achieved
temperature during FSW exceeded 370 C°. Although the growth time was short respective to
that allowed for grain-growth in Al-structure see Figure (3-2 d), furthermore, it leads to
overage of the grains and growth which affect the properties of the joint along the weld
length as discuss in paragraphs (3-1, 3-2, and 3-3). From the results it is necessary to carry
out heat treatments for homogenization the properties aong the weld length in FSW

processes.
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Figure (3-9). Microstructures of stirred zone along the weld length 100X. The sample
(2) representsthe beginning of plunging and stirring (first dwell) and the sample (8)
represent the end of weld (second dwell).
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4- Conclusions and further recommendations

4-1 Conclusions;

According to the results of the present work several conclusions can be written:

1-
2-

The 6063-T4 Al-alloy can be readily friction stir welded.

Maximum temperature in FSW will appear at the end of the tool movement due to
cumulative heat.

Mechanical properties variate aong the length of joint as a result of variation in heat
input to the weldment.

Refinement of the weld zone grains was very clear which lead to increase of
microhardness of the stirred zone above the base metal hardness.

Grain growth appear at the end of the weld due to high temperature at this region ,
which cause decreasing in mechanical properties ( hardness and strength).

The max. tensile strength of the FSW is about (--)% of the base meta strength and
strength values variate along the weld length, where the min. value of tensile strength
is pointed at the end of weld (second dwell).

4-2 Recommendations;

1-

2-

Make a mathematical model for temperature distribution (theoretical procedure) and
compare with the present experimental work.

Use robotic welding machine by which can control the change in rotational speed and
travel speed in order to control on the heat input to the workpiece as constant amount by
decreasing the rotational speed or increasing the travel speed, to withstand the
cumulative heat effect.

Use the same procedure but for other types of joints (such as fillet or lap ) by using the
same material.

Use low carbon steel instead of Al and compare the results of variation in properties
along the weld length.
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Abstract
In this work, Genetic Algorithm (GA) models have been built to design a microstrip

antennas in various forms such as rectangular, equilateral triangle and hexagon patch antenna.
The design problem can be defined to obtain the resonant frequency for a given the thickness
of dielectric material and dimension of geometrical structure. This approach has a few
advantages. giving a clearer and simpler representation of the problem, simplifying
chromosome construction, and totally avoiding binary encoding and decoding to simplify
software programming. The antenna designed using GA is implemented using MATLAB
program and the analysis of antenna is implemented using Microwave Office software 7.1
produced in 2007.
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1. Introduction

Microstrip antenna is one of the most popular type of antennas, since it is light weight,
simple geometries, inexpensive to fabricate and can easily be made conformal to host body [1,
2]. These attractive features have increased the applications of the microstrip antennas
recently and ssimulated greater efforts to investigate their performance. Microstrip antenna has
very narrow bandwidth which is not exceed severa of percent from the resonant frequency

and the antenna operates in a vicinity of the resonant frequency. This needs very accurate
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calculations for various design parameters of microstrip patch antennas. Patch dimensions for
various microstrip patches is a vital parameter in deciding the utility of a microstrip antennas.
CAD Models are generally developed using anaytical, electromagnetic simulation, and
measurement based methods. Accurate and efficient models for circuit components are
essential for cost-effective circuit design.

Genetic Algorithm has a wide range in different applications. The antenna is one of these
application .Chattorgj et al. (2006) have used genetic algorithm to the optimization of gain for
a microstrip antennas with and without dielectric superstrate [3]. Chattorgj et al. (2007) have
used genetic algorithm (GA) to the optimization of gain of microstrip antenna, fabricated on
ferrite substrate, biased externally by a steady magnetic field [4]. Cengiz et a. (2008) have
used GA to optimize the spacing’s between the elements of the linear array to produce a
radiation pattern with minimum SLL and null placement control[5].Yang et a. (2009) have
produced the genetic algorithm in combined with Finite Element to design a single-patch
broadband microstrip antenna [6].Y ongsheng et al.(2009) have discussed the optimal design
of line-tapered multimode interference devices using a genetic algorithm [7]. Reza et al.
(2010) have investigated the effects of adaptive genetic algorithms (AGAS) on performance of
optimization for tapered microstrip filter[8].

In this paper, the optimization of rectangular, triangular and hexagon is realized
microstrip antenna responding to some constraints (frequency of the fundamental mode) some
more advanced techniques, which give a global minimum, have been retained. One of these
new approaches, more and more used, based on genetic agorithm (GA) method is well suited
to our needs. The GA method, which is able to optimize different natura variables, is the
most versatile approach. It can optimize the physical (dimension of the patch, thickness of

substrate, and electric parameters (relative permittivity)).

2. Typesof microstrip antennas

A microstrip antenna in its simplest configuration consists of a radiating patch on one
side of dielectric substrate, which has a ground plane on the other side. The patch conductors,
normally of copper and gold, can assume virtualy any shape [1-2]. In this paper rectangular,

triangular and hexagon microstrip antenna Figure (1) are designed using GA.
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Figure (1). Microstrip antenna structure - a) Rectangular, b) Triangular, ¢) Hexagon .

3. Genticalgorithms (ga)

One of the most fundamenta principal in our world is the search for an optimal state.
Optimization is the process of modifying the inputs or characteristics of a device,
mathematical process to obtain minimum or maximum of the output [9]. Genetic Algorithm is
an Artificia Intelligence based methodology for solving problems. It is a non-mathematical,
Non-deterministic, but stochastic process or algorithm for solving optimization problems [10,
11]. It is considered a sophisticated search algorithm for complex, poorly understood
mathematical search spaces [12]. Genetic Algorithm (GA) is an optimization technique that
attempts to replicate natural evolution processes in which the individuals with the considered
best characteristics to adapt to the environment are more likely to reproduce and survive
[12,13]. These advantageous individuals mate between them, producing descendants similarly
characterized, so favorable characteristics are preserved and unfavorable ones destroyed,
leading to a progressive evolution of the species. Artificial genetic algorithm aims to improve
the solution to a problem by keeping the best combination of input variables. It starts with the
definition of the problem to optimize, generating an objective function to evaluate the
possible candidate solutions (chromosomes), the objective function is the way of determining
which individual produces the best outcome. The next step is to generate an initial random
population of n individuals called chromosomes that are symbolized by real weighting vector,

where each position of the chromosome is called a gene and denotes a specific characteristic
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(input variable). Therefore the combination of all the different characteristics of the real
weights in the vector represents an individual who is a candidate for the solution [13].

Each chromosome is evaluated in the objective function and the best individuals are
selected to survive for mating (parents), while the worse ones are discarded to make room for
new descendants.

Random mutation is used to ater a certain percentage of the genes of the chromosomes.
The purpose of mutation is to introduce diversity into the population, allowing the algorithm
to avoid local minima by generating new gene combinations in the chromosomes. Finally,
after mutation is done the new generation of chromosomes is evaluated with the objective
function and used in the next iteration of the described agorithm.

The GA process could be simplified as following: 1) Initialize a random pool of
Individuals. 2) Evaluate each Individual. 3) Choose couples (Mating). 4) Breed them together
(Crossover). 5) Evauate each Individual. 6) Selection. 7) Mutation. 8) If the pool has
converged, or a number of pre-determined cycles have been completed, finish the cycle. If
not, return to step #3[13,14].

In this paper coding and decoding avoided , operation directly works with complex
numbers to simplify computing programming and to speed up computation. The resonance
frequency of the antenna is obtained from the output of the GA for a chosen dielectric

substrate and patch dimensions at the input side Figure (2).

n——
&E—>» CAY ¢

Patch Dimens onS=——3p

Figure.(2) GA Modd for microstrip antenna design.

3-1-Construction of chromosomes

The using of genetic algorithms for design a microstrip antenna is corresponding to
living beings and vectors represent chromosomes. Genetic algorithms were invented to
manipulate a string of binary coding. Conventional genetic agorithms encode the parameters
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in binary chromosomes and perform binary genetic operation. In this paper, chromosomes are
represented directly by real weighting vector [12].

d =[dd,d,.d, .d,] 1)

Where d,, (known as a genetic material in a GA) which represents the dimensions of
radiator (Length, width, radius,...) , height of the substrate material, and its relative

permittivity.

3-2- Initial population

For fast convergence of genetic agorithms, theinitial population was included.

3-3- Fitness function

In order to show the feasibility of this paper, the case of a rectangular, triangular and
hexagon microstrip antenna form were studied.
3-3-1 Rectangular patch

It is assumed that the antenna has length (L), width (W), thickness (h) posed on a
substrate of permittivity (&,). The objective isto find the values of the four parameters:( L, W,
h, and &), so that the antenna satisfies the constraint (a resonant frequency is assumed to be

10 GHz). The resonant frequency of TM,,, mode of the rectangular radiant element ig[1]:

fooo ¢

"2l 280 )4[e, @

Where:

c isvelocity of light in free space(3*10° T%)

&, iseffective dielectric constant

g +1 g,—1( 12hj‘y2
= + 1+

& 3
e > > W (3
A/? isline extension
e.+0.3)W +0.264
M:O.412h( ‘ )(A ) 4

(¢, -0.258 W+ 0.8)
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3-3-2 Equilateral triangular patch
It is about an antenna of length side (a), thickness (h) posed on a substrate of
permittivity (g). The objective is to find the values of the three parameters :( a, h, and €,), so
that the antenna satisfies the constraint (a resonant frequency of 10 GHz).
The resonant frequency of TM mode of the triangular radiant element i[1]:
2% ¢C

f = W (5)

Where:
e +1 &, —1( 12h)%
Ee = + 1+
2 4 a

Effective length of the patch is equal to.

(6)

a, = a+

h
e \/: )

3-3-3 Hexagon patch

It is about an antenna of length side (s), thickness (h) posed on a substrate of permittivity
(€r). The objective is to find the values of the three parameters. :( s, h, and ¢;), so that the
antenna satisfies the constraint (a resonant frequency equal to 10 GHz)[1].
The resonant frequency of TM1; mode of the Hexagon radiant element is:
11K, *c

™ s (8)

Kumn is the m™ zero of the derivative of the Bessel function of order n and is equal to 1.84118

f

for TM1; —-mode.
3-4- Selection

The selection operator distinguishes the better individuals from the worse individual s using
their fitness. It’s is an important function in genetic algorithms (GAs), based on an evaluation
criterion that returns a measurement of worth for any chromosome in the context of the
problem. It is the stage of genetic a gorithm in which individual genomes are chosen from the
string of chromosomes. The commonly used techniques for selection of chromosomes are
Roulette wheel, rank selection and steady state selection [9, 15]. In this approach Roulette
Wheel selection is used in which parents are selected according to their fithess and the better
chromosomes are the more chances to be selected.
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3-5- Crossover

Crossover is another process that involves exchange of genetic materials between two
parent chromosomes to make child chromosome. The simplest way how to do this is to
choose randomly some crossover point and then everything before this point copies from the
first parent and then everything after a crossover point copies from the second parent. There
are many types of crossover, single point, two points, uniform and arithmetic crossover. In
this paper a single point crossover is used with crossover probability is equal to 85%. One
crossover point is selected at random position; the parts of two parents after the crossover
position are exchanged to form two offspring [15, 16] as shown in Figure (3).

1 2
P SN

=

&' Figure. (3)Single point crossover.

C
|hi

3-6- Mutation

A common view in the GA community is that the crossover is the magjor instrument of
variation and innovation in GA, with mutation insuring the population against permanent
fixation at any particular locus and thus playing more of backgrounds role. The appreciation
of the role of mutation is growing as the GA community attempts to understand how GA
solves complex problems. After a crossover is performed, mutation takes place. This is to
parent falling all solutions in population into a local optimum of solved problem. Mutation
changes randomly the new offspring (children).There are many types of accomplishing
mutation (binary mutation, and real mutation). Real mutation is used according to the

following equation, as[15,16]:

r(LO,Up) i 1" < P (9

i athervise

Where: 7 : is random number, r(Lo,Up) : israndom number with limited range (Lo,Uy).
di :isthevalue of gene before mutation. d; :is the value of gene after mutation.
Pm: is probability of mutation equal to (0.5%-1%) .
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4. Resultsand discussion

The genetic characteristics are as follows:

*Real value chromosomes, the numbers of chromosomes by population are 100

chromosomes.
* The probability of crossover is 90% and probability of mutation is 1%.

Figure(4) shows the chromosome representation for the three types of microstrip antenna
which means the representation of the variables that required to be optimized through the GA,
while Figure (5) shows the genetic agorithm for the design of microstrip antenna using
MATLAB program. A rectangular, equilateral triangular, and hexagon patches that desiged
using genetic algorithm have been constructed and analysis in Microwave Office software
7.1.

Tables (1, 2 and 3) show the design of rectangular ,equilateral triangular and hexagon
patches microstrip antenna using GA program and microwave office. The genetic algorithm
has been proved to be useful for the design of different types of microstrip antenna
(rectangular ,triangular and hexagon patches) that gives good accuracy in compared with
MWO as shown in third, fourth, and fifth columnsin tables(1,2,and3).

Rectangular Patch Equilateral Triangular Hexagon Patch
chromosome Patch chromosome chromosome

»l nle g
< g L Bl 1

Figure (4). Chromosome representation for microstrip antenna.

Analysis of rectangular

Figure (6) shows the construction of rectangular microstrip antenna using microwave office.
Figure (7) shows polar pattern in H-planes and it is found the HPBW in H-plane is equals to
62 degrees. Figure (8) shows the relation between VSWR and frequency. Figure (9) shows
the polar pattern in E and it is found the HPBW in E-plane is equal to 61 degrees.
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Analysisof triangular

Figure(10) shows the construction of triangular microstrip antenna using microwave office.
Figure (11) shows polar pattern in  H-planes and it is found the HPBW is equal to 64
degrees. Figure(12) shows the relation between VSWR and frequency. Figure (13) shows
polar patternin E and it is found the HPBW in E-plane is equal to 66 degrees.

Analysis of Hexagon

Figure(14) shows the construction of hexagon microstrip antenna using microwave office.
Figure (15) shows polar pattern in H-planes and it is found the HPBW is equal to 67 degrees.

Figure (16) shows the relation between VSWR and frequency. Figure (17) shows polar
pattern in E-plane and it is found the HPBW is equal to 63 degree. From the above achieved
results, using genetic algorithm is practically acceptable and it’s successfully implemented for

designing the microstrip antenna with different shapes.
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Input No. of
Chromosomes=100 Initial
Vaue Random=
[ Patch dimensions s. hl

Gener ate new Population
‘ Selection \

Crossover

‘ Mutation \

Evaluate obdective

ffuncti Rectangular Patch
Resonance Frequency fo

Equilatera Triangle

Resonance Frequency fo,

Hexagon Patch
Resonance Frequency fo3

Error="fuesres(for,foz,fos)
The fithess
finctinn=1/error

Figure. (5) Thealgorithm for the design of
microstrip antenna using genetic algorithm.
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Table (1). Design of rectangular microstrip antenna using GA.

Center
. . . ) . Center frequency
Substrate Height (h)in | Width (W)in | Length (L) frequency in ) .
_ . ) in GHz Using Accuracy%
Material(g;) cm cm incm GHz Using
MWO
GA
2.6791 0.316 1.7922 0.6811 10.012 101 99.13%
2.7051 0.0957 0.3773 0.9038 10.011 9.9 98.88%
2.6556 0.8104 1.3152 0.3551 10.003 9.19 91.15%
2.4676 0.0605 1.1414 0.9348 9.91 9.94 99.70%
2.6011 0.0943 1.7951 0.8632 10.047 10.1 99.48%
2.3248 0.2763 0.6208 0.8361 9.9495 9.78 98.27%
2.2498 0.0812 041 0.9999 9.9033 9.88 99.76%
2.0152 0.2848 15129 0.834 9.9591 9.71 97.43%
2.7089 0.2848 0.2517 0.834 9.976 9.8 98.20%
3.0328 0.0782 0.4629 0.8631 9.932 9.88 99.47%
3.0328 0.0782 0.4101 0.8631 9.9836 9.67 96.76%

Figure.(6) The construction of rectangular microstrip antenna using
microwave office.

Graph2 Gahl

Mag Max
1

90

1 U A T S
95 96 97 98 99 10 101 102 03 104 105
VeV Freguency (G)

Mag Min
0

Figure (7). Polar patternin E- Figure(8). Showstherelation between Figure (9).Polar patternin H-
planes of rectangular microstrip VSWR and frequency of rectangular planes of rectangular microstrip
antenna using micr owave office. microstrip antenna using microwave antenna using micr owave office.

office.
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Table (2). Design of equilateral triangular microstrip antenna using GA .

vatrr | e mem | amaon | mwa o | Ao
2.6791 0.306 1.2238 9.903 9.7 97.91%
2.2435 0.1849 1.3423 10.135 9.77 96.26%
2.0886 0.2049 1.3822 10.043 9.81 97.62%
3.5023 0.1624 1.1386 10.062 9.75 96.80%
2.4451 0.0469 1.3665 10.06 9.99 99.30%
3.3242 0.1362 1.1810 9.997 9.81 98.09%
3.0716 0.1156 1.2275 10 10 100.00%
3.4813 0.0661 11775 9.998 95 94.76%
2.8977 0.3151 1.1694 10.001 9.3 92.46%
2.2433 0.0421 1.4273 9.999 9.98 99.81%
2.2747 0.056 1.4132 10.005 9.9 98.94%

24 —<g

Figure.(10) The construction of triangular microstrip antenna using microwave

office.

Gahl

— VoA
first
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10

Frequency (GH)

105
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Figure(1l).Polar patterninH -
planes of triangular microstrip
antenna using micr owave office.

Figure (12). Showstherelation
between VSWR and frequency of
triangular microstrip antenna using
micr owave office.
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Figure(13). Polar patternin E -
planes of triangular microstrip
antenna using micr owave office.
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Table (3). Design of hexagon microstrip antenna using GA .

Substrate Height (h.) in Length of Sides Center frequency | Center frequency
Martial (Sr) cm (s)incm Using GA Using MWO Accuracy%
2.1788 0.294 0.6746 10.021 9.8 97.74%
24181 0.425 0.6384 10.052 10.1 99.52%
2.8642 0.5746 0.5845 10.088 9.87 97.79%
21214 0.0443 0.6836 10.023 10.2 98.26%
2.6669 0.1584 0.6105 10.01 9.94 99.30%
2.6224 0.0466 0.6154 10.013 10.13 98.85%
2.6082 0.2747 0.6137 10.069 10 99.31%
2.473 0.0458 0.6292 10.086 9.988 99.02%
2.5656 0.0475 0.62 10.048 10.11 99.39%
2.2016 0.5698 0.6709 10.024 9.89 98.65%

@.39,

-2l

Y Axis

44— X Axis 4

Figure(14). The Construction of Hexagon Microstrip Antenna Using Microwave

Office.
Graph 1
. Gaph3 rap
& —VSWRIJ &
Hex
7
o
5
4 T T
95 9.75 10 10.25
Frequency (GHz)
Figure(15). Polar patternin H Figure(16).Showsthe relation Figure (17) Polar patternin E -
-planes of triangular between VSWR and frequency of planes of trlar_lgular. microstrip
microstrip antenna using hexagon microstrip antenna using antenna us ng microwave
microwave office. microwave office. office.
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5. Conclusions

1- The genetic algorithm has been proved to be useful for the design of different types of
microstrip antenna. A simple and flexible genetic algorithm GA is proposed as a general tool
for design of microstrip antenna in various forms such as rectangular, equilateral triangle and
hexagon patch antennas. The design procedure is to determine the resonance frequency in
terms of patch dimensions, dielectric constant (€;) and thickness h.

2- The output of the GA (the resonance frequency , patch dimensions ,dielectric constant

(€r), and thickness h) is examined against the simulation which done in MWO 2007 software.
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System Response Analysisof Linear Time lnvariant Multistage
Feedback Amplifier Network
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Abstract
The analysis of voltage series multistage feedback amplifier network is achieved by

evauating the nodal admittance matrix of the equivaent circuit representing the replacing of
each transistor in a stage by its high frequency small-signal model and the performing of the
high order voltage transfer function of the system. The main reasons of treating such a wide-
band amplifier network are of its stabilized voltage gain and its ability to amplify the pulses
occurring in a television signal. The frequency response of the system is calculated and
confirmed. System dynamics and variation of input signa are obtained by calculating the
response of a continuous time system. The discrete-time equivalent to the analogue system
allows the system designer to choose an appropriate pulse transfer function to investigate the
performance of the system suitable for a given specifications and requirements. The software
powerful MAT-LAB version 7.2 techniques is used for treating the single expression transfer
function obtained by assigning numerical values and the response of the system in time and
frequency domain.
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1. Introduction

In a network design problems, numerical values are assigned to network elements and the
simulation process resulted in a single expression transfer function to give the designer an
ability to study the effect of network parameters on the network function in addition to the
repeated usage of the information used.

The analysis of complex systems or networks can be facilitated through some insight into
theinternal structure of the elements constituting the system.

The wide-band voltage amplifier considered in the analysis of a multistage feedback
amplifier network has an improved bandwidth through the usage of an additional stage and a
flat response for minimum distortion in the signal. The negative feedback used in this network
stabilizes the closed-loop gain of the amplifier at a lower and predictable gain level [1]. The
voltage-series multistage feedback amplifier [2], depicted in Figure 1, is used in the analysis.
The treatment of the network is based on the investigation of the behavior of the network
under fixed parameters values. The advantages of treating such a network lie in the ability of
controlling the gain by introducing a feedback through resistor combinations and the use of
the feedback makes the system response insensitive to externa disturbances and internal
variation in the system parameters. The analysis is considered in the high frequency region
and the flat response of the low pass filter network is obtained.

The descriptive and procedural side with the aid of additional facilities for examining the
network gives a genera and accurate circuit suitable for extension, modification and modular
organization to the designer for future developments.

Complicated and tedious features of the network can be minimized by replacing each
transistor in a single amplifier stage by its small-signal hybrid-m model valid in any topology
asindicated in Figure (2), where theresistor R is

R = Re||Rs|Re

The nodal admittance matrix that describes the network is given by

[i+—+s(ce+cc)}v —(—+8Ce)v —SCcVa = Vs /Iy (1)

Mob  Toe'

1 1 1
——+ = +C¢ Vo —SCVy ——Vyg =g (V1 - V3) 2
by R Mbb
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1 1 1 1 1
4 SCo Vg |+ SCq Vg — =V = g (Vg -V 3
(rbe' R Ry e |V3 (rbe‘ e V1 R, 0 gm( 1 3) (3)

[LJFL*‘ S(Ce +Cc)}v4 _iVZ -CcVp =0 (4)
b Tbe Mbb'

1 1 1

_+_+3Cc)vo ——-V3-5CcVq =-0gnVy ©)
[ R R Ro

To characterize the input-output relationships of the LTI (linear time invariant) system

described by the nodal admittance matrix above the transfer function can be found as

i+i+s(ce+cc) —sC, —i—sce 0 L
b The e Mo
1 1 1
Om —SCe o +Ce ~Om A 0
by R Mbby
—gm—i—sCe 0 gm+i+i+i+sce 0 0
e e R Ro
0 IR i+i+s(ce+cc) 0
Moy o The
1
0 0 - Oy — SC 0
Vo _N_ Ro e
V. D
S i+i+s(ce+cc) - sCq. —i—sce 0 0
b The e
1 1 1
dm —SC —+—+sC -0 - 0
m C rbb R C m rbb
lbe e R R Ro
0 S 0 i+i+s(ce+cc) —sCq.
Moe' o' The
0 0 _i 9m — SCe _i_,_iscc
Ro Rau Ro
where (6)
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N = (Y rpp )[(=1/ by )(m = SCc H (=9m)(=9m — Y rye —SCe) — (Im —sCc)
(Im+Yrpe + YR +YRo +Cg} + (—gm —Yrpye — SCe) (Y RO (Y rppy (7
+1/R+SCc)(/1ppy +1/ryre + S(Ce + Ce)) = (=1 1oy ) (=3 1)}

and

D=rpy +Yrge +s(Ce + Cc )W/ rppy + YR+ SCe)(9m +Vrpe

+1/Ry +1/Rp + sCe) (I rppy +1/rye + S(Ce + Cc))A/Rx1 + I/ Ro

+Cc) = (=SCc)(gm — SC¢)} + (YR Y/ RN (=3 iy ) (=Y Tpty) = (Y oty

+ R+ SCe)¥rpy + Y 1pe +S(Ce + Cc)} = (Y rpp { (-9m)(-Y/R2)(9m

—SCe) + (Y rpp ) Om +Vrge + YR + /Ry + sCe)(I/Rxq +1/Ro

+SCc)}H + (=SCc)[(Im — SCc)(Om +Yrye + YR+ IR

+SCe){ (-SCc)(9m — SCc) — (W rpp +Vrge + S(Ce + Ce)) /Ry

+YRo +SCe)} + (-9m)(~9Im — Y e — SCel{ (Y oy +Yye
+8(Ce + Ce))H/Reg +1/Rp +5C¢) = (=SCc)(m — SCc)} + (YR (Im
—SCe)(-Y/R)WUrppy +Vrpe +S(Ce + Ce)) + (-Yrppy)(=gm —Yrye — Ce)

(=SCe)H + (-Yrpe — sCe)lI rppy + YR+ SCe)(=gm —Yrpe — SCe){ (-SC¢) (8)
(Om —SC¢) — Wrpy +Yrge +S(Ce + Ce))I/Reg +

1Ry +SCc)} + (=Yrppy X (gm — sCe)(-YR2) (9m — Cc)

+(=Yrpp)(~9m —Yrpe —sCe)l/ Ry +I/Rp + sCc)}]

For hybrid-n parameters value, the magnitudes used for the elements of the hybrid-m model at

room temperature are;
Om =50mMA/V, ryy =100Q, rye =1KQ, Co =4pF, C. =98pF

where gy, isthetransistor transconductance, ryy, is the ohmic base spreading resistance, rye
is the input resistance, C, is the sum of the emitter diffusion capacitance and the emitter
junction capacitance, and C. is the collector junction capacitance. The magnitudes for the

other e ements of the network are;

R, =140KQ, R, =50KQ, Ry =12KQ, Ry =5KQ, Ry =49KQ, R, =32KQ,
Rep =45KQ, Ry =5KQ, R =1250, R, =52KQ, C; =64F, Cp =6 4F,

C3=10,UF, C4 =48ﬂF, C5:48/JF, CG :6,UF.
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2. Transfer function analysis

According to the above magnitudes, the transfer function TFA(s) of the continuous-time

multistage feedback amplifier network is given by

(s 7.4716x10° s+ 1.3852x10% |- 0.8553x 10 )
(s+1.9874x10° [s+ 0.6597 x10° s+ 0.2101x 10° |5+ 0.0425x 10

TFA(S)=5.3686x10"
where s isacomplex variable.

The partial fraction expansion [3] of TF A(s) has the form

9 9 9 9
TFA(S)z 0.1894x10 N 1.3023x10 3.8542x10 N 2.4162x10 (10)

s+1.9874x10° s+0.6597x10° $+0.2101x10° s+0.0425%x10°
Clearly, the amplifier has three zeros

2 =7.4716x10° 2, =-1.3852x10° 73 =0.8553x10°

and four poles

py =-1.9874x10° p, =—0.6597 x10°

p3 =-0.2101x 10° P4 =—0.0425x10°

The zeros and poles lie in the high frequency band. The frequency response characteristics of
the amplifier are obtained by the Bode plot. The adjusting of these characteristics by using
several design criteria gives acceptable transient-response characteristics [4], the high
frequency response can also be improved by using current amplifier [5]. Substituting s= jo

in EQ. 9 gives

P P S (RS A
7.4716x10 1.3852x 10 0.8553x 10 (12)

where o isthe angular frequency. With the aid of MATLAB numeric computation software

[6], the Bode magnitude and phase plot are depicted in Figs. 3 and 4. It can be seen that the

100



Thi_Qar University Journal for Engineering Sciences, Vol. 2, No. 4 2011

peak gain is 322dB at o = 0.0848x 10° rad/sec (f =13.5KHz), where f isthe frequency.

The —3dB(28.840r 29.2dB) occursat @ = 4.05x10" rad/sec (f =6.455MHz).

3. Confirmation

A calculations can be made to confirm the value of the peak gain obtained from the Bode
plot with that evaluated above in the following procedure;

1- Evaluation of the output resistances and the voltage gain of each transistor.
2- Obtaining the voltage gain of the amplifier without feedback.

3- Determination of the feedback network.

4- Caculation of the voltage gain of the amplifier with feedback.

According to the stated procedure,

R 1 = Ra|Rs||Ra|hiez =12KQ49K QB2 KOL.1IKQ =957

RL2 = Reo|(Ry + Rp)=4.5KQ)(125Q + 5.2KQ) = 2.438KQ
whereR| 1, R 2, hjep are the output resistance of Qy, the output resistance of Q,, the input
resistance with output short-circuited hybrid parameter of Q,, respectively. The values of the
voltage gain of @ and Q, are A, and A, are given by, (neglecting the reverse —open-
circuit voltage amplification hybrid parameter h,o and the output conductance with input

open-circuited hybrid parameter h,e ), SO

—haRi1 ~ ~50(957 Q)
hi + {1+ heeg NRR2) 1.1KQ + (51)125Q5.2KQ)

_~Nre2Ri2  -50(2.438KQ)

) = =-110.81
hiep 1.1KQ

A = An x Ay =—6.427x -110.81=712.17

where h¢g and hseo are the short-circuit current gain hybrid parameters of Q; and Q,,

respectively, hjgis the input resistance hybrid parameter of Q, and Ay is the voltage gain
of the amplifier without feedback. The value of the feedback network, £, is given by
B=R /(R +Ry)=125Q/(125Q + 5.2KQ)=0.0234
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The voltage gain of the amplifier with feedback is

Ar 712.17
1+ A;  1+(0.0234)712.17)

As = =40.326=32.11dB

since ‘A,f ‘ < |A,t| the feedback is negative. The gain can aso be confirmed from Eq. 9 as

5.3638x10" 22,23 5.3638x 10" x 7.4716x10° x 1.3852 x 10% x 0.8553x 10°
PLP2 P3P4 1.9874x10° x 0.6597 x 10° x 0.2101x 10° x 0.0425x 10°

=4059=3216dB.

4. Continuoustime responses

Complete information about dynamic characteristics of the system can be obtained by
exciting it with an impulse input and measuring the output. The transfer function stated
previously; however, contain same information about system dynamics as the response of a
linear system to a unit-impulse input when the initia conditions are zero. The unit-impulse

response is obtained by taking the inverse Laplace transform to Eq. 10.

ha(t)=0.1894x 10° exp|- 1.9874x10%t )+ 1.3023x 10° expl- 0.6597x 10°t

— 3.8542x10° expl- 0.2101x10% )+ 2.4162x10° exp- 0.0425x10%)  (12)
where ha(t) isafunction of time't .
The amplifier at high frequencies responds to rapid variations in signals, the step input is

of the most available sudden function applied to the amplifier. The input-output relationship
of the amplifier TFg_ A (s) subjected to a step input is given by

1( 0.1894x10°  1.3023x10°  38542x10° = 2.4162x10° ] (13)
S

TFst—A(S)Z_ 9t 9 9 " 9
s+1.9874x10 s+ 0.6597 x 10 s+ 0.2101x10 s+ 0.0425%x10
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_00953 00953 1974 1.974 183445 183445
S  s+1.9874x10° S s+0.6597x10° s s+0.2101x10° (14)
, 568517 568517

S s+ 0.0425x 10°

Taking the inverse Laplace transform yields the unit step response of the system given by

he_ a(t)=0.09531 — exp|- 1.9874x10% |+ 1.974h - exp|- 0.6597 x 10%% | 5
~18.344501 - expl- 0.2101x10% |+ 56.8517]1 - expl- 0.0425x 10t
For gradual changing function, the unit ramp function is a good test signal. The input-
output relationship of the amplifier TF,5_a(S) subjected to aunit ramp input is given by

1( 01894x10° = 1.3023x10°  38542x10° = 2.4162x10°
TFra—A(S):_Z{ gt g~ gt gj (16)
s° | s+1.9874x10° s+0.6597x10° s+0.2101x10° s+0.0425x10
__00479x10° 00953 00479x10°  20923x10° 1974  2.9923x10°
s s?  s+19874x10° s s s+0.6597x10°
, 87.3136x10° 183445 §7.3136x10° 1337.6885x10° 56.8517 an
S s? s+0.2101x10° S s?
~1337.6885x10
s+0.0425x10°

Taking the inverse Laplace transform yields the unit ramp response of the system as a
function of time given by

hra_a(t)=0.0953t — 0.0479x 10°[1 - exp(— 1.9874x 109t)]+ 1.974t — 2.9923x 10°
b— expl- 0.6597 x10° |- 183445 + 87.3136 % 10° [1— expl- 0.2101x 109t)] (18)
+ 568517t - 1337.6885x 10° L exp|- 0.0425x10° |
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The unit impulse, step and ramp responses of the multistage feedback amplifier are depicted
in Figs. 5, 6 and 7, respectively. The type of transient response is determined by the closed-
loop poles, while the shape of the transient response is primarily described by the closed-loop
zeros. The poles of the high order transfer function of the multistage feedback amplifier does
not possess complex-conjugate values so the system is non oscillatory. It can be seen aso
from Figs. 5 and 6 that the system is stable since the magnitudes of the poles lie in the left-
half s-plane [7] and the response will die out because the exponential termsin Egs. 12 and 15

will approaches zero as time increases.

5. Discrete-time system
To smulate the continuous-time amplifier, the impulse invariant method is used [8].
So the design of the discrete-time amplifier from the continuous-time amplifier is as follows,

the z-transform of the unit sample response system, TFp (z) isgiven by

o (2) 0.1894 % 10° . 13023 10° 3.8542x10°
D)= 9 9 - 9
1_ g 1987410°Tg ~1 1 ~06597x10°Tg -1 q_ ~0210110°Tg -1

(19)
2.4162 x10°

O
1— e—0.0425><10 Ts Z—l

where z=¢e%s isacomplex variable, Ty isthe sampling period and n=01,2.... isan integer.
Clearly the discrete-time system described by Eq. 19 is stable [9] and TFp(z) approximates

the system performance. The unit sample response of the analogue amplifier has a unit sample

response equivalent to the unit sample response hp (n) obtained from Eq. 21 as

9 or | 9 or |
hp (n)=0.1894x10 exp(— 1.9874x10 Ts) +1.3023x 10 exp(— 0.6597 x 10 Ts) 20)

_ 9 vl o+ | 9 9 |
3.8542x 107 expl|- 0.2101x 10”Tg | + 2.4162x 107 exp|- 0.0425x 107 T
The unit sample response system [10] for Tg =2nS and the parallel redization of Eq. 19 are

shown in Figs. 8 and 9. It is interesting to compare the magnitude response of two amplifiers,

for the analogue amplifier the magnitude response, M p (@) is
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M A(0)= 01894x10° 13023x10°  38542x10°
A \/2( 9)2 \/2( 9)2 \/2( 9)2
®? +(1.9874x10 »? +(0.6597x 10 »? +(0.2101x10 1)
2.4162x10°

+
2
\/ 0? +(0.0425x10°)
and for the discrete-time amplifier, the magnitude response M p (@) is

9

2
9 9

1.3023x10°

+
—0.6597x10°T _0.6597x10°T 2
1-2e s codlwTg)+| € s

3.8542x10°

2
9 9
\/1 0™0210540°Ts (o T ) 4 (e—0.2101x10 Tsj

(22)
2.4162 x10°

+
—0.0425+10°T, —0.0425x10°T, 2
1-2e7 S cog(wTg)+| e s

The magnitude responses of the two amplifiers are depicted in Figs. 10 and 11. Due to the
sampling operation, the amplitude response of the discrete-time system is scales by 1/Tg.
Therefore, a multiplication of TFp(z) by YT is required to approximate the amplitude
response of the discrete-time system to the amplitude response of the analog system [11].

Thus the unit sample response, TFp(z), of the impulse invariant discrete-time system

equivalent to ha(t) isgiven by
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o (2) 0.1894x 10° T N 1.3023x10%T, 3.8542x10°T
iD\&)= 9 9 B 9
1_ o 1987440°Ts -1 1 0659h10°Tg -1 1 _ o~0210110°Ts -1

(23)
2.4162x10°T,

9
1- e—0.0425><10 Ts Z—l

The dc response for the analogue system is

0.1894x10° 13023x10° 3.8542x10°  2.4162x10°

9 9 9 * 9
1.9874x10” 0.6597x10° 0.2101x10° 0.0425x10
=40.576 = 32.6155dB

TFA(0)=
For the discrete-time amplifier, since for any variablex , if the sampling frequency is high,
Tg issmall, and

exp(— XTg)=1- (= XTg) =1+ XTg
with this approximation,

TFp (0)=TFA(0)

with good agreement. The input X(z) and the output Y(z) relationship of the discrete-time

amplifier is given by

Y(z) 5.37x107 —6.088x10" 271 + 45246 x108 272 — 45502x 107 273

TFp (2)= (24)
7X@ 1-1.86152 +1.05917 2 - 0.18052"3 + 0.003z %

and the corresponding difference equation is

y[n]-1.8615y[n — 1] + 1.0592y[n — 2] - 0.1805y[n — 3]+ 0.003y[n — 4] =5.37 x 10" x|n] (25)

—6.088x10" X[n - 1]+ 4.5246 x 108 [n — 2] - 4.5502x 107 x|[n - 3]

Taking the Fourier transform of this equation gives
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'“:D(J'CO):M

X(jw)
 5.37x10" —6.088x10" (jo) ™t + 45246 x10%(jw) 2 — 4.5502x 10 (jw) >
1-1.8615(jw) ™+ +1.0591(jw) - 0.1805(jw) > + 0.003 jw) ™

(26)

The phase response of the discrete-time system can be determined as

— tan "t /[5.37x10" sin(4w)-6.088x10" sin(3w)+4.5246x10% sin(2w)-3.5502x10"
sin(w)] /[ 5.37x10" cos(4w)—6.088x10" cos(3m)+ 4.5246x 108 cos(2w)— 3.5502x 10" 27)
cos(w)] - tant [sin(4w)—1.8615sin(3w)+1.0591sin(2w)— 0.1805sin(w )] /[cos(4w)—
1.8615cos(2w)+1.0591c08(20) - 0.1805 cos(@ ]

From the observation of the frequency response of the discrete-time system and the
frequency response of the analog system, it can be seen that thefirst is periodic function of @

while the last is aperiodic. The unit step and ramp sample responses for the discrete-time

amplifier are given by

9 n 9 n
hst—D (n) — 0.095{(1)n _ (e—1.9874x10 Tsj } n 1_97{(1)n _ [ e—0.6597x10 TS] ]

9 n 9 n

(28)

and

9 n
hra_p (n) = 0.0953n - 0.0479x10°| (1)" - (e‘1-9874X1° TSJ ] +1.974n - 2.9923x10°

[(1)n _ [ o~0.6597x107Ts ]n

9 n
18.3445n+87.3136x109{(1)” —(e‘o-mw’ TSJ } (29)

9 n
+56.8517n —1337.6885x 109[(1)n - (9—0-042&10 Ts J ]

and both are depicted in Figs. 12 and 13, respectively for Tg =2nS.
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6. Conclusions

The analysis of a linear time invariant voltage series multistage feedback amplifier
network at high frequencies was performed. The nodal admittance matrix of the five nodes
network was constructed. An additional stage to the amplifier is possible to increase the
voltage gain but this complicates the nodal admittance matrix. The transfer function resulted
from the solution of the linear equations representing the system is the key function and it is
useful for both design and synthesis technigque by selecting numerical values in the simulation
process. The value of the peak gain resulted from the nodal analysis and then evaluated from
the transfer function’s Bode plot was 32.2dB (40.738) is confirmed with that calculated from
the evaluating the voltage gain in each stage (with the feedback network) which was
32.11dB(40.326) and the small difference between the two values occurs because of the
simulation process in the MATLAB. The transfer function has three zeros and four poles due
to the four capacitors in the network. The system exhibits high performance due to small time
domain quantities and the transient response of the system was nonoscillatory, in addition to
the system is stable since al the poles lies to the left of the imaginary axis. The impulse

invariant method is used to simulate the amplifier and a same magnitude is obtained for both

the continuous-time and discrete-time system. The steady state time which was 0.15x 10°s
was the same in continuous and discrete time system. The step and ramp response for the

discrete-time system is anal ogous to the continuous-time system.

Figure (1). Multistage feedback amplifier network.
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Figure (2). Small-signal hybrid-m model for voltage-series multistage feedback amplifier.
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Figure (3). Bode magnitude plot for multistage feedback amplifier.
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Figure (4). Bode phase plot for multistage feedback amplifier.
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Figure (5). Unit impulseresponse of the multistage feedback amplifier.
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Figure (6). Unit step response of the multistage feedback amplifier.
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Figure (7). Unit ramp response of the multistage feedback amplifier.
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Figure (8). Unit sampleresponse of a discrete-time feedback amplifier.
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Figure (9). Smulation of an amplifier network by impulse invariant method.
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Figure (11). Magnitude response of a discrete-time feedback amplifier.
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Figure (12). Unit Step sample response of a discrete-time feedback amplifier.
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Figure (13). Unit ramp sampleresponse of a discrete-time feedback amplifier.
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Studying the Effect of Scale of Fluctuation on the Flow Through
an Earth Dam Using Stochastic Finite Element

Ressol R. Shakir

Civil Engineering Department
College of Engineering
Thi-Qar University

Abstract

Estimation of quantity of flow through earth dams by using finite elements method
mainly depends on the magnitudes of permeability for the earth dam. The permeability of soil
medium may be included in the solution as constant permeability or non homogeneous,
anisotropic or may be distributed as random field. Simulation of properties of soil by using
random fields’ generators has great interest nowadays. This paper includes studying of the
effect of anisotropy of scale of fluctuation of the permeability through the stochastic finite
elements analysis for case of flow through earth dam. Permeability has been simulated by
random field and mapped into finite element methods according to the most recent studies.
The results have shown that (1) quantity of seepage through stochastic earth dam is always
less than that calculated for deterministic state. (2) As horizonta to vertical scale of
fluctuation (anisotropy of scale of fluctuation) increases, quantity of seepage increases but it
still less than that for deterministic state. The seepage elevation is also reduced at random
field state compared to deterministic solution.

Keywor ds. Flow; stochastic finite element, earth dam; scale of fluctuation.
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1. Introduction

It is well known that properties of soil a the site are different from point to point.
Permeability is the important soil property that used in calculation of quantity of seepage in
different projects such as seepage through earth dam. Studying the variability of permeability
of soil through the soils has revealed that permeability may be simulated as a random field.
Design of earth dam most widely considers the average values (first moment of statistics) of
permeability in case of different values are found for small regions in the earth dam medium.
If the permeability simulated as random field, standard deviation and correlation are necessary
to be used.

Finite element method is combined with random filed concept in two ways: directly
included in finite element formulation such as those researched by ( Freeze, 1975, Dagan
1993,)) [1,2] or indirectly included to finite element code in which the random field is
manipulated in isolated form then mapped to the finite element such as those developed by
(Fenton and Griffiths, 1993) [3]. A good review on stochastic finite element can be found on
Stefanou (2009) [4].

Spatial variability of soil property such as permeability has been investigated by Griffiths
and Fenton 1993, Popescu, et, a., 2005, Hoeksema 1985, Ahmed 2009 [5,6,7,8]. These
studies have shown that flow rates cal culated based on permeability ssmulated as random field
are less than flow rates calculated based on average permeability solution which is called
deterministic solution. This conclusion has a great attention in design and it increases the
importance for further studies on the effect of scale of fluctuation “correlation through
distance”. Very few researchers study the effect of anisotropy of scale of fluctuation on the
rate of flow. For instance Ahmed, 2009 [8] reported that anisotropy of permeability decreases
the flow rate for asimple dam with core. In spite of that the subject still need more researches
and more range of scale of fluctuation should be included in calculations.

This research has used fixed mean and variable standard deviation for soil permeability
property to study the effect of permeability on the rate of flow through earth dam utilizing the
finite element method plus random field generation for permeability property. They are
merged together to get a stochastic finite element anayses (Griffiths and Fenton, 1993) [5].
The main objective of this study is to investigate the effect of random field permeability on
the flow rate. Variance and spatial correlation effects on the quantity of seepage are
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investigated also. Anisotropy of scales of fluctuation effects are also investigated since it
mostly represents the real case of soil inthefield.

2. Mean and covariance

It iswell known from site investigations that soil properties differ from point to point. If
these properties are simulated as random field, they can be characterized by first and second
moment of statistic. In spit of that classic design uses just the first moment “mean value”

which can be expressed mathematically as

Where u isthe mean value; N is the number of events; x is the event.
However the second moment of statistic (Equation 2) has an effect and should be taken

specialy when alot of data concerning a property are

o, =.|- 2

Sometimes the coefficient of variation is used instead of variance which is equal to standard
deviation to the mean value. It is reasonable to say that soil properties through short distance
are more correlated than long distance. Spatial correlation is measured by scale of fluctuation
which is defined as the distance over which the properties show appreciable correlation (Jaksa
et. a., 1999) [9].

Stochastic model

Very few researches have been done in the investigation of spatial variation of soil
properties in a stochastic finite element method. It has been applied for different applications
in geotechnical engineering such as flow through earth dam. It consists of two parts: the first
isan ordinary two dimensional finite element model for flow through earth dam developed by
Smith and Griffiths (1998)[10] and the second is the random field model for permeability
property. The results of random field permeability are mapped to the finite element model
(Fenton and Griffiths,1996) [3].

Flow through earth dam is governed by Laplace’s equation.

2
kXM+ky

0%
o e =0

oy

where ¢ isfluid potential and Ky , ky are permeability in x, y direction.

©)
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The Laplace differential equation has been implemented in a program that has been
developed by severa researchers such as Smith and Griffiths (1998) [10]. The program can
compute the free surface location and flow through the earth dam using a two-dimensional
iterative finite element model for constant or variable permeability. Finite element program
developed to solve problems without random field permeability such as flow through earth
dam was developed originally by Smith and Griffiths, (1998) [10]. Another development in
analysis of anisotropy of permeability of typical earth dam or core installed in large earth dam
was by Shakir (2004), Shakir, (2009) and Shakir, (2011)[11,12,13]. The combination of finite
element with random field has been developed by Fenton and Griffiths, 1996 [3].

3. Permeability field generation

Permeability is considered to be log normally distributed in accordance with the field
measurements as determined by Freeze (1975), Hoeksema and Kitanidis (1985), Sudicky,

(1986) [1,7,14] and reported by Griffiths and Fenton (1993) [5]. Permeability is expressed as

K(x) where x is any point in the two dimensional field of soil. Variance and “oi® ” mean

“Un2” are the first and second moment of statistics for the normally distributed “In k”. These

measures are represented by the following two equations.

2
ol = In[1+ %J (43)
k
1.,
Hing = In(/uk)_zo-lnk (4b)

It is reasonable to think that the permeability value at a point is highly correlated with the
permeability at close point and in contrast the permeability at a point is different from
permeability at another point far from the first point “poorly correlated”. The distance
between the two points is called scale of fluctuation. Correlation structure can be modeled
depending on field observations. Generaly, It can be defined mathematically as following
(Sudicky, 1986) [14].

p(r)=exp{—§r} ©)

Where p is the correlation coefficient between two points separated by a large distance T.
Above function is a function of the distance between two points (t = X; — X;). This model
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indicates that correlation p decay exponentially. 8 isthe scale of fluctuation which is defined
as the distance beyond which the field is effectively uncorrelated (Vanmarke 1984) [15]. This
relation is modeled depending on expensive observation of permeability value in the field.
Confirming this equation is difficult since it depends on large data which are expensive to be
obtained. Figure (1) demonstrates the effect of increasing the distance T with respect to 6 on
the correlation structure p. For instance, when 8 is equal to 50 the correlation coefficient, p,

is equal to 0.135 at distance t=50.

0 20 40 60 80 100

Figure (1). Effect of distance on the correlation of permeability property (Eq. 5).

If the permeability properties are observed at field, the problem is simple. We just mapped
these values in the finite element program. Mostly large number of permeability valuesis not
available but we can get mean and variance and also the correlation structure. According to
that we can get the distribution by Monte Carlo simulation to give a picture of permeability
through the field.

ki = eXp{ﬂmk + 01k 9 } (6)

Where uink is the mean and ok is the standard deviation of the lognormal distributed k;.

Uniform permeability on each realization can be obtained as scale of fluctuation goes to
infinity. In contrast the permeability is different rapidly from element to element as scale of
fluctuation goes to zero. G; is derived from the standard Gaussien random field g through

using LAS (Loca average subdivison developed by Fenton and Vanmark 1990 [16]
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technique with zero mean and unit variance and a spatial correlation controlled by the scale of
fluctuation (Vanmarcke 1984) [15].

Application

The size of the dam is shown in Figure (2). The base width was 20 m, the top width was
2 m and the height was 10 meter. Through random field generation the permeability has
different values from element to element. About 605 program executions were performed.
Table 1 shows alist of sets of values of scale of fluctuation and covariance used in this study.
On the other hand the value of quantity of seepage is calculated for the same problem using
mean value of permeability. For case of k =0.1 cm/s based on the solution of Gilbowy, (Harr,
1962) [17] A=9 m; 0.3A = 2.7 m; d= 13.7 m; a = 48°, m =0.42; q = kmh = 0.1 (0.42)(10) =
0.42; g/(kh) =0.42. The finite element based solution used in this study gives approximately
the same result ( g/kh=0.42) .

. P9,

2m

Random field
distribution of k

P 20m N

Figure (2). Dimensions of earth dam.
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Table (1). Set valuesincluded to the stochastic program.

(0] k/ Uy BX ey 0] k/ Uy ex ey (0] k/ Uy ex ey g k/ Uy ex ey (0] k/ Uy GX ey
0.1 0101} 01 (0108 0.1 01(32| 01 (01|64 | 01 |01]12
0.2 02 01| 02 |0208 0.2 02 (32| 02 (02|64 | 02 |02]12
04 |04 ]01] 04 |04 08 04 |04 32| 04 (04|64 | 04 |04 |12
08 /{0801 08 [08|08| 08 |08 32| 08 (08|64 | 08 |08]12
1.6 16 | 01 1.6 16 |08 1.6 16 | 32| 16 |16 |64 16 (16|12
3.2 32 01| 32 | 3208 3.2 32 32| 32 |32|64 | 32 |32|12
6.4 64 | 0.1 64 | 64 |08 6.4 64 32| 64 (6464 | 64 |64 |12
12 12 | 0.1 12 12 | 0.8 12 12 | 32| 12 12 | 6.4 12 12 | 12
24 24 | 0.1 24 24 10.8 24 24 | 3.2 24 24 |64 24 24 | 12
43 43 | 0.1 48 48 | 0.8 48 48 | 3.2 | 48 48 | 6.4 48 48 | 12

4. Effect of covariance and scale of fluctuation

The problem of flow through the earth dam shown in Figure (2) has been solved for two
cases. Thefirst case includes using the specified permeability in all elements of the mesh and
the second includes using permeability as random field. In literature the first one may be
called deterministic solution and the second is undeterministic solution.

The normalized quantity of flow (g/kh) that obtained from deterministic solution (4)
contains using average permeability. Figure (3) shows the relationship between normalized
quantity of seepage versus covariance (ox /[k). AS covariance amount increases, normalized
quantity of seepage decreases. This conclusion is compatible with solution of Ahmad,
(2009) [8] and aso the solution of Griffiths and Fenton (1993) [5]. This means that allowable
quantity of seepage isin the safe side and is greater than semi real case of random field. The
flow in any studied cases will not increase more than the deterministic state.

In the same previous figure, using fixed scale of fluctuation in y direction 6, = 0.1 and
using different scales of fluctuation in x direction 8, = 0.1 to 96 causes different results.
Increasing of the scale of fluctuation in x direction increases the normalized quantity of
seepage especially when covariance, (oi/ux) exceeds the value of 0.7. Decreasing of scale of
fluctuation causes high probability to existence of elements with small permeability and
increasing the scale of fluctuation causes small probability to existence of element with low
permeability. This may interpret the difference between the two cases of using scale of
fluctuation. Increasing of Cov, (ox/uy) more than 0.1 makes the normalized quantity of
seepage decreases. This is reasonable since the high permeability variance affect flow more

than low variance. High variance in permeability gives high variance in seepage.
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Figure (3). Relation between normalized quantity of seepage and covariance.

Figure (4) shows the relationship of the standard deviation of the quantity of seepage
versus the covariance (standard deviation to mean value) of permeability. The standard
deviation increases as correlation factor increases at covariance equal 1.6 the curve decaysi.e.
the standard deviation decreases. For instance at ok /ux = 0.4 the standard deviation og equals
0.0275 at 8 = 0.1 while it reaches 0.048 (maximum) at ok /pk = 1.6 after that it decreases.
Scale of fluctuation has an effect on the gq as it increases the standard deviation increases.
This is may be attributed to increase the potential of existence elements with high difference
in quantity of seepage value. This phenomenon is reported previously by Griffiths and
Fenton, (1993) [5] and the result in this section confirms this phenomenon for wide range of
sale of fluctuation.

0.4-

_ - 0x =0.1

0. 0y=0.1 o ox =04

- 0x =0.8

- 0Ox =1.6

b 0:2- - 0x =3.2

-©- Ox =6.4

0.1+ 8 0x =12

A& Ox =24

0.0 : ¥ 0x =48
0.1 1 10 100

O'k/Uk

Figure (4). Quantity of seepage variance ver sus covariance.

123



Thi_Qar University Journal for Engineering Sciences, Vol. 2, No. 4 2011

5. Scale of fluctuation

Figure (5) shows the relationship between normalized quantity of seepage versus scale of
fluctuation in x direction, 8y, for a selected value of scale of fluctuation (the spatia correlation
length) in y direction (0.1; 0.8, 3.2 and 6.4. The covariance, COV, (o0w/ux) was selected as
3.2. As the scale of fluctuation increases, the quantity of seepage increases. The scale of
fluctuation is interpreted as the distance over which correlation is significant. Since many of
the statistics of interest depend strongly on the scale of fluctuation, different scales of
fluctuation are implemented. Some studies have considered the permeability and scale of
fluctuation for reconstituted soil used in earth dam as isotropic (Fenton and Griffiths
1996) [3], however layered construction may lead to anisotropy. Strong correlation is
referred by large scale of fluctuation which means the value of normalized quantity reach to
the deterministic value and vise versa. This compatible which theoretical results that as scale
of fluctuation reach infinity deterministic value will be identified. (Fenton and Griffiths, [3]
1996, Prospuc et al., 2005) [6].

For very short scales of fluctuation, the flow rate is small, while it increases dramatically
as the scale of fluctuation increases Figure (5). At 84 =0.8 normalized quantity of seepage
approximately equals 0.1 which is very low. It shows a good representative flow through
dam. At high scale of fluctuation 6, =10 normalized quantity of seepage approximately
equals 0.2 which is greater than that at small scale of fluctuation. The spatial correlation
length, also known as the scale of fluctuation, describes the distance over which the spatially
random values will tend to be correlated in the underlying Gaussian field. Thus, alarge value
will imply a smoothly varying field, while a small value will imply a ragged field. For more
discussion of the gpatial correlation length, the reader is referred to Vanmarcke (1984),
Wickremesinghe, (1993) and Jaksaet. a., (1999) [15, 18, 9].
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Figure (5). Normalized quantity of seepage ver sus scale of fluctuation in x direction.

6. Anisotropy of scale of fluctuation

Permeability property iny direction is spatialy correlated assuming magnitudes smaller
than that in x direction. That can be expressed in term of scale of fluctuation. The scale of
fluctuation in vertical direction is smaller than the scale of fluctuation in x direction because
of the stratification of soil that makes the water flow as in pipes in the horizontal direction.
Figure (6) shows the effect of anisotropy of scale of fluctuation on the result of normalized
guantity of flow. The result is somewhat scatter. It is different little from the finding of
Ahmed, (2009) [8] who concluded that the quantity of seepage increases as ratio of horizontal
to vertical increases. From the study results it was found that at 64 / 8y less than unity the
normalized quantity increased dramatically and after that the increase in normalized quantity
of seepageis dight increase.

Quantity of seepage increases as scale of fluctuation in x direction increases 84 Figure (6).
When horizontal scale of fluctuation is high i.e. strongly correlated (6x = 96), quantity of
seepage approximately close to deterministic state for case of 8, = 6.4 i.e. vertical scale of
fluctuation slightly increases. For case of small horizontal scale of fluctuation 8 = 1 for 8y
=0.1, 0.8, 3.2, 6.4, quantity of seepage equal to 1.3. Small horizontal scale of fluctuation
means possibility of small permeability for row of cell, that is, make the quantity of seepage

small also. The result was presented for oy /ux = 3.2
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Figure (6). Standard deviation of quantity of seepage ver sus scale of fluctuation in x
direction.

7. Effect of the standard deviation of per meability

Figure (7) shows the relation between flow rate and standard deviation for different scales
of fluctuation in x direction. Flow rate changes as standard deviation changes also. The
standard deviation of the flow rate increases as flow rate increases until it reachesto value 2.5
then the standard deviation decreases. Scale of fluctuation affects the standard deviation

values too much as demonstrated in the graph.
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Figure (7). Relation between standard deviation and flow rate.

8. Seepage elevation

Seepage elevation (drawdown) is defined as the elevation of the point on the downstream
face of the dam at which the water first reaches the dam surface. This section shows the
results of the amount of drawdown of the free surface at the downstream face of the dam. The
magnitude of seepage elevation is very important since it determines the height according to
which the treatment is desired. The results obtained by executing the program for many times
for different value of scale of fluctuation are presented in this section. The relation between
seepage elevation and standard deviation is mapped for every percentage of scale of
fluctuation Figure (8). Seepage elevation decreases as standard deviation increases.
Increasing standard deviation means high difference around the average. High variability

may cause reduction in the seepage elevation since existing of small permeability inputs
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Figure (8). Relation between seepage elevation and standard deviation.

9. Conclusion

Flow through stochastic earth dam has been studied including the effect of anisotropy of
scale of fluctuation. The result of research outlines the following conclusions: (1) quantity of
seepage through stochastic earth dam is always less than that calculated for deterministic
solution which confirms the conclusion of other researchers. This conclusion is very
important for design. It means the design on average permeability isin the safe side. (2) Itis
found that as horizontal to vertical scale of fluctuation (anisotropy of scale of fluctuation
increases, quantity of seepage increases but it still less than that for deterministic state (case of
average value). (3) Variance of quantity of seepage depends on covariance value. It increases
until covariance approximately equals two, then it decreases. (4) Seepage elevation is aso

decreases as scal e of fluctuation decreases.
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11. Nomenclature

Symbols

u Mean valug;

N Number of events

X Event

I Fluid potential

Kx Permeability in x direction
Ky Permeability iny direction

om’  Variance i.e. second moment of statistics for the normally distributed “In k”

Uink? Mean i.e. first moment of statistics for the normally distributed “In k

p Correlation coefficient between two points separated by a large distance Tt.
Bx Scale of fluctuation in x direction
0y Scale of fluctuation iny direction

O/ Uk Covariance

Ok Standard deviation

130



Thi_Qar University Journal for Engineering Sciences, Vol. 2, No. 4 2011

Numerical Simulation of Parallel Flow Microchannel Heat

Exchanger with I sosceles Right Triangular Geometry
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Abstract

The isosceles right triangular microchannl heat exchanger performance was numerically
investigated in this work. Hydrodynamics and heat transfer characteristics in a laminar, 3-D,
incompressible, single-phase, steady state, paralel flow are proposed. The solution was
obtained by solving the continuity and Navier-Stokes equations (momentum equations) for
the hot and cold fluids by using pressure-correction method to obtain the velocity distribution,
and then the energy equations for the two fluids and the separating wall are solved
simultaneously as second step. The governing equations are discretized using finite-volume
method-upwind differencing scheme, and then these are solved using SIMPLE algorithm
method on staggered grid with FORTRAN code. The study investigated various parameters
that can effect on the exchanger effectiveness and other performance parameters. From the
obtain ned results it was found that the factors affecting the effectiveness are: Reynolds
number Re, therma conductivity ratio K;, hydraulic diameter Dy, and channel volume.
Increasing of Re, Dy and channel volume each separately leads to decrease the effectiveness
while increasing of K, up to K, =10 leads to increase the effectiveness. Also, it was found that
the factors affecting on pressure drop are: Re, Dy, and channel volume. Increasing of Re leads
to increase pressure drop while increasing of Dy, and channel volume each separately leads to

decrease pressure drop.

Keywords:. parallel flow, microchannel heat exchanger and numerical solution.
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1. Introduction

The miniaturization of devices has become an increasingly common goal of researchersin
recent years. This technique is most widely apparent in the increasing of transistors number
per chip in the integrated circuits. The benefits of miniaturization are being reaized in the
many areas like, microbiology, medical, aerospace, optics, microelectronics and micro
cooling devices (heat exchangers and heat sinks). This technology has provided many benefits
including faster response time, high levels of system integration, high heat transfer rates and
reduced cost [1]. Normally, microchannels can be defined as channels whose dimensions are
less than 1mm and greater than 1um. Above 1mm the flow exhibits behavior that is same as
macroscopic flow. Below 1um the flow is characterized as nanoscopic. Currently, most
microchannels fall into the rang of 30um to 300pm. Microchannels can be fabricated from

many materials such glass, polymers, silicon and metals by using various tools and processes
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including bulk micromachining, surface micromachining, laser techniques, molding,
embossing and conventional machining with microcutters [2].

The ever-growing demand for functionality and performance in microprocessors cause
continuous increase in the number of transistors integrated per chip and the operating
frequency and decrease in feature size. For example, the Dual-Core Intel Itanium 2 processor,
the new processor released by Intel, boasts over 1 billion transistors [3]. As aresult, the total
amount of heat generated is also increased tremendously over the past decades. It is of vital
importance to dissipate the heat from the active circuits to the environment while maintaining
an acceptable junction temperature in order to maintain the reliability and performance of the
devices. However, microchannels, as the name suggest, are very fine channels of the width of
a norma human hair widely used for electronic cooling. In microchannel heat exchanger,
multiple microchannels are stacked together as shown in Figure(l).

Figure (1). Sample of microchannels array as heat exchanger.

Using these microchannel heat exchangers heat fluxes as high as 1000W/cn? can be

dissipated at relatively low surface temperatures [4]. However, compared with conventional
heat exchangers, the main advantage of micro heat exchangers is their high heat transfer area
per unit volume and hence the high overall heat transfer coefficient per unit volume [5]. Over
the recent years ago, the scientists and researchers are focused on microchannels (heat sink
and heat exchanger) due to thelr numerous applications as eectronic cooling systems to
provide effective ways to cover the devel opment of e ectronic devices demands.

Muzychka [6]1999 developed an analytical and experimental study for the fluid friction and
heat transfer for wide range of channels geometries. He showed that the square root of cross
section flow area as characteristic length provide better correlations for wide range of the

ducts, than could beachieved by the hydraulic diameter.

133



Thi_Qar University Journal for Engineering Sciences, Vol. 2, No. 4 2011

Jiang et al. [7]2001 experimentally studied the fluid flow and forced convection heat transfer
in rectangular micro heat exchanger. They concluded that the microchannel heat exchanger
with deep channels has the best overall thermal-hydraulic performance.

Al-bakhit and Fakheri [8]2005 numerically investigated the parallel flow microchannel heat
exchanger with rectangular ducts. They showed that using a high conductive material will not
have an effect on increasing the heat exchanger effectiveness since the heat exchanger
effectiveness will be independent of the wall thermal conductivity for K, above 40. Ashman
and Kandlikar [9]2006 studied the types of manufacturing processes which currently being
used in the fabrication of micro heat exchangers such as, Chemica Etching and micro
machining. They concluded that the micro heat exchangers benefit is their high surface areato
volumeratio and then high heat transfer.

Al-bakhit and Fakheri [10]2006 numerically investigated the parallel flow microchannel
heat exchanger with rectangular ducts. They showed that the overall heat transfer coefficient

israpidly changing for x/D, Pe (Graetz number) below 0.03, and therefore the assumption of

constant overall heat transfer coefficient is not valid if the Graetz number based on the hesat
exchanger length is of the order of 0.03. Also, the accurate results can be obtained by solving
thermally devel oping energy equation using fully developed velocity profiles.

Nirm et al. [11]2009 numericaly investigated the hydrodynamics and thermal behaviors of
the laminar, 2-D, fully developed, dlip flow inside an insolated parallel-plate microchannel
heat exchanger. They showed that both the velocity dslip and the temperature jump at the walls
increase with increasing Knudsen number.

Accurate prediction of temperature distribution in both the solids and fluids in these
systemsis of critical importance for a fundamental understanding of the physics governing of
the thermal and fluid flow processes and for practical system design and optimization [12].
Many authors are investigated circular microchannels and non-circular microchannels such as
rectangular, trapezoidal, elliptical and triangular. All these works are aimed to obtain the best
applicable microchannel geometry, this means high heat transfer rate and low pressure drop.
However, there are nearly negligible numerical researches concern flow and heat transfers in
the isosceles right triangular microchannel heat exchanger. On other hand, the available
results concerns flow and heat transfer characteristics in that exchanger is not cleared,
therefore the present study is aimed to investigate the main points. Obtain a numerical model
for hydrodynamics and heat transfer in isosceles right triangular microchannel heat exchanger
by solving the continuity, momentum and energy equations and overcome the complexity in

that heat exchanger. And study of hydrodynamics and heat transfer characteristics in the
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isosceles right triangular microchannel heat exchanger and obtaining the controlling
parameters on these characteristics.

2. Analysis

Schematic structure of a parallel flow microchannel heat exchanger under concentration
isshown in Figure 2a. Due to symmetry between channels rows, the individual heat exchange
unit under consentration which consists of two channels (hot and cold) and a separating wall
as shown in Figure 2b. In this figure, the hot fluid enters the lower duct with a uniform
velocity unin and uniform temperature, Ty, while the cold fluid enters the upper duct at ugin
and T¢;n. Heat is transferred from the hot fluid to cold fluid through the inclined wall (solid)

of thickness t,. Also, In this configuration, two corners are chamfered to facilitate the

numerical solution. On other hand, this is not affected on the computations. Moreover the

solid is inclined by angle 450, this will increase the area of heat transfer comparatively with

rectangular channel for same dimensions.
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Figure (2). Schematic of parallel flow microchannel heat exchanger.
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However, the governing equations for the present model are based on the following

physical and geometrical assumptions:

e Theflow islaminar and steady.

e The Knudsen number is small enough so that, the fluid is a continuous medium (no dlip).

e The fluids are incompressible, Newtonian fluids with constant properties; in this case the
water is used as working fluid.

e Thereisno heat transfer to/from the ambient medium.

e Theenergy dissipation is negligible.

e Thepressure gradient isin axial direction only.

e Threedimensional of the flow and heat transfer.

The dimensionless form of the governing equations and its boundary conditions is aachieved
based on the following dimensionless parameters:

_ X _J _ Z « — Ls ® U s Vi PR i * Pi
X ==, YV =5 Z =5 =T, = V= W =, P =
Dp Dp Dp Dp Up in Up,in Up,in PU in
s — Ti—Tgin i — Ts=Tein
,Ti——T__T_and TS5 = et
hin~T¢in hinTcin

therefore, the dimensionless governing equations are;

X-momentum equation

« Ou] . oul , oul dp; 1 (azuf a%u! azu*)
—L 4+ —L el =l Lo —L 1
Ui 9% Vi dy L 9z dx Re; \8x**  8y*? = 8z*? )
y-momentum equation
« O] . 0v) , vl 1 (azv’-" 0%v; 621?’-")
T L 4l —L 4 1y = i L 4 L o4 i
L dx Vi ay t 9z Re; \ax*?  ay*? = 9z*? 2)
Z-momentum eguation
. : . : } * 1 /92w’ 82w 2w’
w2 4y S i%:_( e Wé) 3)
dx ay dz Re; \ 0x* oy* dz

where Re — A Unin Dy
H;

continuity equation
ou; , dv; | ow;

+ =k % —
dx ay 0z (4)

energy equation for fluid

©)

where the subscript i is represent h or ¢ which refer to the lower and upper (hot and cold)

£ 0T} , 0T} , 0T} 1 [9%1  9*T' 9%t}
w =L +p =L+ ._!.:_( i Lt 12)
tax tay taz Pe; \dx* ay* az*

channels respectively.
The diffusion equation for solid becomes
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a*ry Ty . 9%Ts
+ +— =
ax*? 6‘y"2 dz*? (6)

The dimensionless boundary conditions are:

e Lower channel (hot channel)

X =0 U=1V=w=0 and T =1 @)
X =L =" W _N W 5 and T _g (8)
D, x o ox ox
o o
y=Q 0<Z<D u=v=w=0 and —%=0
6%
9)
Sk E3 * * 3 * aTh*
Z =0, 0<y <D uU=v=w=0 and a*=0 (10)
z

and the boundary conditions along theinclinedwall (z=D - y) are:

u=v ZWZO’LTJZELTS* and Th* =T (11)
on” k, on’ °

e Upper channd (cold channel)

X" =0 u' = N =w" =0
uh,in (12)
T. =0
* * * T*
x":L":L au*:av*:aw*:o and a2:0 (13)
D, ox" ox  0oX
y' = D" S*:D+S, S <7 <S 4D
On (14)
oT’
u'=vi=w=0 and —=0
oy
z*:D*+S*:D+S, S'<y"<S" +D’
D, (15)
-I—*
u'=v-=w=0 and e =0

o0z"

also, the boundary conditions along theinclined wall (z=D +2S-Yy) are

u=v=w=c e _k T, and T =T, (16)
on" k., on”

o Separated wal (solid)

X' =0 aTj -0 (a7
OX
D, OX
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zZ7=y +D’ an’* =0 (19
om
=y -D’ aTS* =0 (20)
om
Where
D" = D ,m*:m,n*:L and S*:i
Dh Dh Dh Dh

The boundary conditions in equations (19) and (20) represents the boundary conditions at the

chamfered corners. And between solid and hot liquid (Z= D - y)

T K g 17 (21)
on"  k, on”

aso, between solid and cold liquid (Z=D +2S-Y)

oT;  k, oT]

= and T, =T, (22)
on*  k, on”

After establishing the governing equations and boundary conditions, the finite-volume
method with FORTRAN code will be used to obtain numerical solution for the problem. At
this situation, the velocity and pressure fields for two channels and temperature distribution
for hot liquid T,", solid T, and cold liquid T_ are obtained. Now, the performance parameters
such the effectiveness € will be estimated which is the ratio of actual heat transfer to the

maximum possible heat that can be transferred and given by [13]:

& = O/ G possive (23)
Gacn = MECe (Teur = Tein)= MG (Toin ~ Thour) (24)
For convenience, the rates and specific heats are lumped together the flow and term the
products the capacity rates

C, =m.c,andC, =mc, (25)

Now, if C, <C_, thismeansthe

O = Co(Tin o) (26)
otherwise

G = Co(Toin = Tein) (27)
thus

G = Crun(Toin = Toin) (28)

then the effectivenessis
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_ Cc (Tc,out _Tc,in) _ Ch (Th,in _Th,out) (29)
Cmin(Th,in _Tc,in) Cmin(Th Tc,in)

in

3. Numerical solution

Finite volume method was used to convert the governing equations to algebraic form
accomplished using an upwind differencing scheme on a staggered which used to solve
pressure-velocity coupling (pressure-correction method). The SIMPLE  agorithm was
used to solve the problem as published in [14] where, the velocity and pressure fields are
estimated in each channel separately because no coupling between the channels for these
variables, and then the temperatures for hot fluid, separated wall and cold fluid are achieved

simultaneously [15].

4. Resultsand discussion

In this section the hydrodynamics and heat transfer characteristics in parald flow
microchannel heat exchanger with isosceles right triangular ducts are presented. The effects
of various parameters on the performance of the heat exchanger will be introduced. The main

parameters characterize the flow and heat transfer are: pressure drop Ap aong the length of
micro heat exchanger, dimensionless velocity u®, dimensionless mean temperature 1 for hot

and cold fluid, dimensionless mean temperature T for solid, convective heat transfer

coefficients for hot and cold fluid h, and h., dimensionless overall heat transfer coefficient
uD, /k, and microchannel heat exchanger effectiveness €. The properties are taken at average

temperature T

erager Where T = (T, + T )/2.

The numerical results are presented for the microchannel heat exchanger with rectangular
ducts in the figures, 3 and 4 for verification of the developed numerical model, which was
developed basically for isosceles right triangular microchannel heat exchanger. Numerical
solution of continuity, momentum and energy equations for paralel flow rectangular
microchannel heat exchanger is achieved for verification of the numerica program. The
verification is achieved as the following: the calculations are carried  out by present
FORTRAN program for rectangular microchannel heat exchanger and the results compared
with the anaytical results of Muzychka [6] and numerical results of Al-bakhit and

Fakheri [10].
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Figure (3). shows a comparison for the apparent friction  constant f,, Re R, where
Reynolds number is based upon square root of flow area JA this means the characteristic

length is \/AT in rectangular channel against the dimensionless axia distance

X .
X, =——— a Re=50 and \/,Tf:100um. The figure shows that the f, Re A,
A \/Aif Re A

for both the numerica and analytical models is higher at entrance region and decrease
towards exit with nearby constant value, and the numerical results gives a good agreement

with analytical results of Muzychka[6] and the maximum percentage error was +4.95%.

Figure 4. illustrates a comparison for the dimensionless mean temperature T, for the hot

and cold fluid in rectangular microchannel hesat exchanger against the dimensionless axial

kah =

distance x* at Re=100, Pr=0.7 and 100. The figure indicates the numerical results

S°s

gives a good agreement with numerical results of Al-bakhit and Fakheri [10] and the

maximum percentage error was +2.01%.

——— Muzychka
+ 60 Numerical
= —

0 0.04 0.08 0.12 0.16 0.2

Figure (3). Comparison of the apparent friction constant.
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0.8 1
0.6 A
£ —— Al-bakhit and Fakheri
0.4 Numerical
0.2 4
O T T T T T T T T

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
+
X

Figure (4). Comparison of the dimensionless mean temper ature of the hot and cold fluid.
Figure (5). illustrates the variation of the dimensionless centerline velocity profile U”

with dimensionless axial distance X* for different Reynolds number at D, =117pm. The

figure clarify that the velocity profile is varied with Reynolds number, also indicate that the
entrance length increase with Re. Once the fully developed region is reached the velocity

profile becomes constant [16].

Figure (6). shows the longitudinal variation of pressure drop Ap with dimensionless axial

distance X for different Reynolds numbers at D, =117pm. The figure clarify that pressure

drop Ap increases with Reynolds number especialy at high Reynolds number (Re=200).

This because the mass flow rate increase with Re and pressure drop that required to force the

fluid through the channel increase.

2.4
2.2 —
//’ —
2 . I/ I/
1.8 -
'S 1.6
——Re =50
1.4 - ——Re =100
1.2 4
1 T T T
0 10 20 30 40
X*

Figure (5). Variation of the dimensionless centerline velocity profile for different

Reynolds numbers.
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Figure 6. Longitudinal variation of the pressuredrop for different Reynolds numbers.

Consider 2+10®m® microchannel heat exchanger volume contains number of channels, if

number of channels increase, the channel volume decreases. Figure 7. represents the variation

of pressure drop Ap with number of channels, and the exchanger volume is 2%10°°m?®. For

each Re, the figure clarifies that pressure drop Ap increases with number of channels. When

channdl volume decrease, the flow area decrease and

decrease.

then

the

25000

20000 -
:,E“ 15000
S 10000 -

5000 A

20

40

60

Number

80

of

100

120

~rhannalc

hydraulic diameter

Figure 7. Variation of the pressure drop through the heat exchanger with number of

channels.
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Figure (8). represents the longitudinal variation of the dimensionless mean temperature T:

of the hot and cold fluid with dimensionless axia distance X for different Reynolds numbers

at Ki=1, Dp=117um and t=50pm. As can be seen the dimensionless mean temperature T

diverge to each other when Reis high and viceversa. At high Re the velocity of fluid

increase and then the outlet temperatures is nearest to inlet temperatures.

25000

20000 -
«TE‘ 15000 -
>

S 10000 -

5000 -

20 40 60 80 100 120

Number of

~rhannalc

Figure (8). Longitudinal variation of the hot and cold fluid dimensionless mean
temperaturefor different Reynolds numbers.

Figure (9). illustrates the longitudinal variation of the dimensionless mean temperature 1

of the hot and cold fluid with dimensionless axia distance X for different thermal
conductivity ratios at Re=200, D, =117pym and t =50pm. The figure shows that the T,

converge to each other and the difference between inlet and outlet temperatures increase with

K, up to a certain limit K, =10. After this value the T, remain constant for same y". The

numerical results of Al-bakhit and Fakheri [8] for parallel flow rectangular microchannel heat
exchanger showed that more heat is transferred as the thermal conductivity ratio is increased

up to K,=40, after which increasing the therma conductivity will not enhance the heat

transfer. They showed that this is because, the wall will behaves as an infinitely conducting
wall with negligible temperature gradient, and the heat transfer between the two fluids will be
independent of the wall properties, depending only on the fluids conditions and heat
exchanger geometry. The difference between the numerical results of Al-bakhit and Fakheri
[8] and present results is due to the different in geometry. However, for same conditions,

the Figure (10). may explain this behavior. As can be seen the dimensionless mean solid
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temperature T. is varied with fluid temperature up to K, =10. After this value the TS; is

independent of fluid temperature and seems as straight line. This means the wall will be not

affected on the fluid temperature after K, =10.

0.8 4
—e— K, =1 B
0.6 K -5
= '
——K, =10
044 _u K —40

0 34 68 102 136 170

Figure (9). Longitudinal variation of the hot and cold fluid dimensionless mean

temperaturefor different thermal conductivity ratios.

1
0.8
[
06 "M
*i_uF o . = —8— ==
0.4 -
—— K, =100 —™— K, =1
0.2 A —=— K, =500 —*— K, =5
—*— K, =1000 K. =10
O T T T T
0 34 68 102 136 170
X*

Figure (10). Longitudinal variation of the solid dimensionless mean temper ature for

different thermal conductivity ratios.

Figure (11). shows the longitudinal variation of the dimensionless mean temperature T
of the hot and cold fluid with axial distance x for different hydraulic diameters at Re=100, K,
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=1 and t,=50um. The figure clarifies that the T’ is converge to each other when the

hydraulic diameter decrease. This is because, when the hydraulic diameter decreases, the
amount of fluid decrease and then the difference between inlet and outlet temperatures

increase.

Figure (12). clarifies the longitudinal variation of T'@ with axia distance x for different

channels numbers at Re=100, K,=1, t_.=50pum and exchanger volume is 2%10°m®. The
figure shows that the T is to converge to each other when number of channels increase and

vice versa. This is because, when the number of channels increases, the flow area decreases,
this leads to the amount of fluid decrease and then the difference increase.

1

0.8

064 —— D, =58um

—— D, =117m
—*— D, =234um

0 0.004 0.008 0.012 0.016 0.02

x(m)

Figure (11). Longitudinal variation of the hot and cold fluid dimensionless mean

temperaturefor different hydraulic diameters.
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Number of channdls

—— 40
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0 0.002 0.004 0.006 0.008 0.01
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Figure 12. Longitudinal variation of the hot and cold fluid dimensionless mean

temperaturefor different channels numbers.
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Figure (13). represents the longitudina variation of the convective heat transfer
coefficients, h, and h, for both fluids with dimensionless axial distance X at K =1D,
=117pm and t_=50um for different Reynolds numbers. As can be seen at the entrance region
(initial part of channel) leads to high values of h, and h. due to high temperature gradient
and small boundary layer. Also, h, and h, increase with Re because increase the mass flow
rate (velocity) with increasing Re, also the figure shows for each Re the h, and h, are not

equal this because the axial heat conduction in the separated wall (solid), which islargein the
entrance region.

Figure (14). clarifies the longitudinal variation of the dimensionless overall heat transfer
coefficient UD, /k,, with dimensionless axial distance x* a K, =5, D, =117um, Re=200 and
t,=50pum. Notice that in the entrance region, the developing flow leads to high values of

the UD,, /k,, and then decrease towards fully developed flow.

0 34 68 102 136 170

Figure 13. Longitudinal variations of the convective heat transfer coefficientsfor hot

and cold fluid for different Reynolds numbers.
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0 34 68 102 136 170

*

X

Figure (14). Longitudinal variation of the dimensionless overall heat transfer coefficient.

Figure (15). shows the variation of the microchannel heat exchanger effectiveness € with
Reynolds number Re at K, =1, D, =117um, L=1cm and t,=50pum. The figure clarifies that

the effectiveness decreases with increasing Re. This is because the amount of fluid increase
with Re and then AT decrease.

Figure (16). represents the variation of the microchannel heat exchanger effectiveness €
with thermal conductivity ratio K, at Re=100, D, =117pm, L=1cm and t_=50um. The figure

indicates that the effectiveness increase with thermal conductivity ratio up to K, =10. After

this value the effectiveness remains constant. Thisis because the temperature isindependent
of K, after 10.

0.5

0.4

0.3 A

0.2 1

0.1

o T T T T T T T T T T T T
10 40 70 100 130 160 190 220 250 280 310 340 370 400

Re

Figure (15). Variation of the microchannel heat exchanger effectiveness with Reynolds

number.
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Figure (16). Variation of the microchannel heat exchanger effectivenesswith thermal
conductivity ratio.

Figure (17). illustrates the variation of the microchannel heat exchanger effectiveness €
with number of channels, and exchanger volume is 2%10°m® at K, =1 and t,=50pm. For
each Re, the figure clarifies that the effectiveness increases with number of channels. Thisis
because the amount fluid decreases when the channel volume decrease and then AT increase.
Also, the figure shows that the effectiveness at Re=50 is larger than that at Re=100 and 200,
this because the velocity of fluid increase with Re and then AT decrease.

Figure (18). shows the variation of the microchannel heat exchanger effectiveness € with
number of channels, and exchanger volume is 2+10°m* at Re=100 and t,=50um. For each

K., the figure clarifies that the effectiveness increases with number of channels. This is

because the amount of fluid decreases when the channel volume decrease and then AT
increase. Also, the figure indicates that the effectiveness at K, =10 is larger than that at K, =1
and 5, this because the AT increase with K, .
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Figure 17. Variation of the microchannel heat exchanger effectiveness with number of

channels.
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Figure 18. Variation of the microchannel heat exchanger effectiveness with number of

channels.

The performance index will be discussed through the effectiveness to pressure drop ratio
£ / Ap . When this parameter increase, this means either the effectiveness increase or
pressure drop decrease and both cases are desired. Figure 19. indicates the variation of the

microchannel heat exchanger effectiveness to pressure drop ratio ¢ / Ap with number of
channels, and exchanger volume is 2*10°m® at K =1 and t,=50pm. For each Re, the

figure clarifies that ¢ / Ap ratio decrease with number of channels. This because pressure

drop increase with number of channels.

Figure 20. clarifies the variation of the microchannel heat exchanger effectiveness € to
pressure drop ratio ¢ /Ap with number of channels, and exchanger volume is 2+10°m? at
Re=100 and  =50um. For each K_, the figure showsthat ¢ / Ap ratio decrease with number

of channels. This because pressure drop increase with number of channels. Also, the figure

indicatesthat ¢ /Ap ratio increase with K _, this because the effectiveness increase with K. .
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Figure (19). Variation of the microchannel heat exchanger effectivenessto pressuredrop

ratio with number of channels.
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Figure (20). Variation of the microchannel heat exchanger effectivenessto pressuredrop
ratio with number of channels.
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5. Conclusions

From the present work it can be concluded the following remarks:

The flow in the isosceles right triangular microchannels heat exchanger is studied and the
obtained effecting parameters that control the flow and heat transfer are the thermal

conductivity ratio K,, Reynolds number Re, hydraulic diameter D, and channel

volume.

Thermal conductivity ratio K, plays asignificant role on the heat transfer characteristics,

this reflected in the effectiveness €, where the € increase with K, upto K, =10. After

this value the wall will behaves as infinity conducting wall with negligible temperature
gradient (becomes not affected on the heat transfer characteristics).
There is an important role of Reynolds number Re on the heat transfer and hydrodynamics

characteristics, this reflected in the effectiveness €, pressure drop Ap, dimensionless

velocity u” and convective heat transfer coefficients h, and h,.
The hydraulic diameter D,, effect on the heat transfer and hydrodynamics characteristics,
this reflected in the effectiveness € and pressure drop Ap.

Channel volume effect on the heat transfer and hydrodynamics characteristics, this

reflected in the effectiveness € and pressure drop Ap.
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7. Nomenclature

English symbols

A cross-sectional area .......... m?

c specific heat v JI(KGK)

Cec heat capacity of cold flui .. WK

Ch heat capacity of hot flud ... WK
Cmin  minimum heat capacity ... WK
Dn hydraulic diameter ~ ........ ... m

D channel heightandbase @ ... .... m
h convection heat transfer coefficient ....W/m?K
k thermal conductivity — ....... W/mK

L channe length oLl m
m massflowrae .. ...l kg/s
p pressure e Pa
q heat transferrate ... wW
T temperature L. K
ts separating wall thickness ~ ....... m

u fluid x-component velocity ... m/s

U overall heat transfer coefficient .... WM*K
% fluid y-component velocity ... m/s

w fluid z-component velocity w...m/s

X axial coordinate N 11
y horizontal coordinate ~  ........ m
z vertical coordinate  ........... m
Greek symbols

€ heat exchanger effectiveness

M dynamicviscosity ............. Pals
podensity . ... kg/m®

Dimensionless groups
Kr =Ks /k; thermal conductivity ratio

Re = pui, D/ Reynolds number

Pr:ﬂk& pranditl number
f
Pe=RePr Peclet number
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p*= pz dimensionless pressure
puin
Subscripts
C cold fluid
f fluid
h hot fluid
in inlet
m mean
min  minimum value
out outlet
S solid
Superscripts
* dimensionless value
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