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Abstract

I mpervious core is used in zoned earth dam to reduce the quantity of seepage through
the body of the dam and to relief part of risk of piping and erosion in the downstream side.
This paper presents cases study of the effect of core permeability, thickness and location on
the flow through large earth dam. Finite element method was used to solve the problem of
flow of incompressible fluid which is governed by Laplace equation. A considerable range of
shell permeability to core permeability was used. The study has shown that quantity of
seepage was reduced as ratio of shell to core permeability increases. The reduction in seepage
continues to a limited value of core permeability after which the effect decreases. Doubling
the core base thickness reduces the quantity of seepage highly and inclination of core towards
upstream side slightly increases the quantity of seepage.

Keywords. Earth dam; Finite element; free surface; core; seepage.
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1. Introduction

Excessive seepage forces may cause instability of soil mass in earth dam at the exit or
exposed face in a form of piping and heave if they exceed the accepted limit. To eliminate
this risk three process should be followed through design stage to control the seepage:
preventing piping and heave, reducing seepage and draining the water [1]. Reducing the
seepage through dam section may be achieved by using impervious membrane on the
upstream or impervious cores. Design of impervious cores may consider several parameters
such as thickness, slope, location of core weather it is installed vertically or installed towards
upstream side and the permeability of construction materials.

A main requirement of core is that it should provide the necessary degree of
imperviousness, and should deformable to withstand differential settlement without cracking.
The imperviousness, hydraulic gradient and cracking may be influenced by thickness of core,
for example thin cores may associate with high seepage gradient while thick core may
associate with low hydraulic gradient [2]. Although the effect of core thickness on some
elements of earth dams has been studied by some researchers [3, 4,5, 6], lack of information
about the effect of thickness on seepage through earth dam such as free surface, surface
seepage and quantity of seepage still keep on.

Free surface was calculated by two methods fixed mesh [7,8]and adaptive mesh [9,10].In
the adaptive mesh algorithm, the free surface requires implementation of Darcy’s law by
finite element and procedure to add-on mesh deformation. Adaptive mesh is simpler more
than the fixed mesh [11]. Indicating the location of free surface has a great attention in
determining the exit point of flow at the downstream side. Therefore it may be affected by
location of the core whether it is constructed vertically or inclined towards upstream side.
The researches on this aspect are few and studying the effect of location of core on the
quantity of seepage will increase the information on controlling the seepage through the dam.

This research adopts a finite element model to solve the unconfined flow through large
earth dam. After verifying the model with available solution for atypical problem, a core with
different thickness and location are investigated. The main object of this research is to study
the flow through earth dam with different core permeability, core thickness and core location
by using finite element method with adaptive mesh method. It also objectsto (1) quantify the
guantity of seepage and located the free surface; (2) investigate two core locations and (3)
study the effect of core permeability on the quantity of seepage.
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2. Finite element model

Unconfined flow through earth dam is assumed to be governed by Darcy’s law in which
the velocity correlated to head between any two points in the flow media

v=-k grad(h) ()
where v is the velocity, k is the permeability, h is the head and pressure. Using conservation
of water leads to the following partial differential equation assuming steady state flow

div{v) = 0.0 )

kN?h=0.0 (3)
The partial differential equation is available in common procedures produced by Smith and
Griffiths [10]. The degree of freedom is the pressure which can be implemented through
programming the finite element to compute the quantity of seepage and to locate the free
surface.

3. Verification the model

The computer program of flow in two dimension (program 7.3) [10]based on finite
element method outputs the pressure value, inflow and outflow at every point in the mesh and
also locates the free surface. The characteristics of the problem solved herein as an example
for verification purposes are a flow through a rectangular dam with 10m height, 5m width,
10mupstream head and 2m downstream head. The media of flow was divided into 50
elements: 10 elementsin y direction and 5 elements in x direction. Figure shows the mesh of
the verified problem that uses arectangular quadrilateral element with four nodes.

The computer program results are plotted in a mesh form in which every node represents
the pressure head Figure (2). Free surface was represented by a solid line and the numerical
solution results obtained by other researchers were also presented. The free surface starts
from the top point at the right hand side and ends at a point at extreme left side where head
pressure approximately equals 6.5 m. This result approximately agrees with results found in
the previous researches[12,8, 13]. In spite of low tail- water height (2 m) the elevation of the
exit point of the free surfacewas6.5 m. This value is approximately the same value (6.2 m)
obtained by Polubarinova-Kochina[14].
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Figure (1). Mesh of the verified problem. ~ Figure (2).Comparison of free surface
in arectangular dam with the previous

solutions.

4. Earth dam problem

The cases study represents free surface flow through earth dam with slopes at the two
sides. The base of the dam was 400 m and the crest width was 20 m Figure (3). Upstream
pressure head was 100 m and tail-water was changed with each problem. Total elements used
to simulate the problem were 400 elements 40 in x direction and 10 in y direction. The shape
of element was trapezoid with four nodes. The earth dam consists of shell at the upstream and
downstream side and core between them. The results of the flow analysis of the dam are
manifested by the permeability property. The dam is homogeneous when the permeability of
whole media of dam is the same.

The two core locations studied were vertical core and core inclined towards upstream
sides as will be shown in the next sections. The selection of cases was performed according to
their practical advantages. For instance, the central core provides the most simple and
economical choice and inclination towards upstream or downstream was to give stronger to
the dam. In case of defects in the foundation along the axis of the dam, a sloping core type of
dam may be indicated. The advantage of a sloping core is that it permits placement of rock
fill in the large downstream portion of the dam ahead to the core, which is a major
construction advantage| 1] .
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Range of materials may be used for core while the shell has same materials for all cases.
The study focused on studying the effect of core permeability. A set of permeability
beginning from 0.00002 to 0.001 crm/s was selected representing different materials such as
clay. Table (1) shows the values of permeability used in the case study. The ratio of core
permeability to shell permeability k/kc is also presented in Table (1). The greatest ratio is one
for homogeneous dam and no ratio less than one because it is not acceptable in dam design.
For the case of no drainage the core material “Compacted clay and other fine-grained” core
materials permeability is less than 0.0001 cnvsec, while clean gravel give permeability greater
than 0.1 crm/sec .i.e. rapid draw down. Materials with permeability between 0.0001cnvs and

0.1 cm/s are categorized as semi-pervious material such as sand and sand-gravel mixer [1].
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Figure (3).Schematic view of the dam problem (not to scale).

Table (1).Permeability of both shell and corethat used in seepage reduction.

ke(cm/s)
0.00002
0.00003
0.00004
0.00006
0.0001
0.0002
0.0004
0.0006
0.0008
0.001

2
3
4
5
6
7
8
9

=
o




Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

5. Vertical core

This section describes the earth dam problem and presents the discussion and analysis of
the computer program results. The problem considered was a two dimensional flow through
earth dam with central core. The general characteristics of the problem such as upstream
head, crest width, downstream, upstream slop, and core base thickness are the same as
aforementioned details. Symbols k and kc represent permeability of shell and permeability of
core respectively. hg, and h represent downstream and upstream head respectively. Two cases
of core base thickness(b.) were used 40m and 80m and the top width of the core was 8 m. The
base core thicknesses were 0.4 h and 0.8 h which are commonly used in design of dams.
Figure (4) shows the schematic view of the considered problem.

In all figures presented here the quantity of seepage (q) is normalized by both upstream
head (h) and shell permeability (k). Figure (5) shows the relationship between normalized
guantity of seepage (g/kh) and ratio of shell permeability to core permeability (k/k;). They
were mapped for four values of ratio hg/h (0.1, 0.2, 0.3, 0.4). Asthe ratio of k/k; increases,
g/kh decreases until it reaches 0.05861 m*/s/m at k/k. =25 for the case of b:=80m Table (2).
After that the reduction in g/kh is 0.04620 which represents insignificant reduction. It is
obviously noticed that k/k. between 1-25shows high effect on the g/kh for case of b;=80 m
and b=40m and insignificant effect on g/kh for k/k:>25, Figure(5). It aso can be noticed that
ratio of hy/h has slight effect on g/kh.

Normalized quantity of seepage (g/kh) for the case of dam with core base thickness b=
40 is greater than g/kh for dam with core base thickness b.=80 m Figure (5). Certainly when
the core permeability is similar to shell permeability i.e. k¥ke=1,the earth dam being
homogeneous dam. Asthe ratio of permeability increases (k/k) i.e. the core permeability (Kc)
decreases, the difference between the g/kh for the two cases of thickness will be appear
Clearly.

Figure (6) shows the relation between Q" and k/k. for four ratios of hyh (0.0, 0.1, 0.2,
0.3). Q"isdefined astheratio of difference between g/kh for case of b.=40 and that for case
of be=80 to g/kh for case of b;=40. It is mathematically expressed as follow:

Qp=10 = Qpy=e0 . 1

Ql?c=4o

Q" increases linearly at low ratios of k/k. ranged between 1 and 5.The curves show low raise

Q%= 00 (@)

in Q" as k/k. increases more than 5. Maximum Q," is noticed at k/k.=16.67 and reduction in
Q" is noticed at k/k:>16.67. Maximum Q," was 32% for case of hy/h=0.0, 30.6 for hy/h=
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0.1, 32.7% for hy/h= 0.2, and 31.4 for hy/h= 0.3.Average value of (Q" )max for the four cases
of hyhwas31.7. Q" at k/k:=50 was 27% for case of hy/h=0, 23.5%, for hy/h= 0.1, 21.6% for
ha/h= 0.2, and 23.3% for hy/h= 0.3. Average value of (Q;" )ma for the four cases of hy/h was
23.9. This means that thickness of core base has a great effect on the quantity of seepage
depending essentially on the core permeability.

In addition to previous presented results, lines of seepage, free surface and surface of
seepage were mapped for every case. Because of space limitation three meshes of computed
free surface were presented Figure (7a,b,c). Free surface represents the upper stream line in
flow domain where the pressure is atmospheric pressure. The free surface separates the
saturated soil from that no flow occurs. The determination of locus of free surface is
important since it can locate the surface of seepage i.e. the point of flow through downstream
side. High variability in pressure is found through the core and the free surface fall down
directly after the downstream face of core in the earth dam.

Referring again to Figure (7a)which shows the computed free surface for earth dam
without core, one may see long surface of seepage (a). Changing the point of flow in the
downstream sideis required to reduce the danger of erosion which may occur in this region.
Thus the benefit of using core and the importance of study such problems are clear. From
computed free surface Figure (7b and c) where b;=40 m it is shown that surface of seepage
(a)reduces from about 139 m for homogeneous dam to about 31.5 m and reduces to about
25.6 m for b;=80 m. Figure (7c) shows the computed free surface for case of earth dam with
core base b=40.0, Q= 6.34x10°m3/s/m and for b;=80 m Q= 4.62x10-3 m*/s/m.

Figure (8) shows the relation between normalized surface seepage (a/h) against (k/kc) for
case of be=40 and b.=80 m. Normalized seepage surface, a/h, is equal 1.5 at k/k=1 which
represents the seepage through homogeneous earth dam. This value is greater than that
calculated from charts which have been presented by Gil boy [3]or from the equations that
have been presented by Stello [6]. The difference may be attributed to some factors have not
been included in charts or equations such as crest width, upstream head and large dam. The
length of surface seepage, a/h, for the case of earth dam with core base b.=40at k/k:=33 is
reduced to 0.25 for hy/h=0.0. It is dlightly greater than that for case of bc=80 m where
a/lh=0.2. It may be concluded that increasing the width of core is insignificant with respect to
reducing surface of seepage. The toe drain size that can be used to drain the seepage depends
on the determination of point of flow through downstream side. Using core with b.=40 gives
a=31.5 m at k/ke=50 and a=52 m at k/k=16.6. Using core with b;=80 m gives a= 25.6 m at
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k/kc =50 and a=41.5 m at k/k;=16.6. The cost may determine increasing width of core or

increasing the size of toe drain.
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Figure (4). Schematic view of the earth dam problem.
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Figure (5).Normalized quantity of seepage (g/kh) versus normalized permeability (k/kc)
for ratio of downstream head to upstream head (h4/h) 0,0.2, 0.2, 0.3.
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Table (2). g/kh for vertical corewith b;=80 m and b;=40 m.

g/kh

ha/h=0.1

ha/h=0.2

ha/h=0.3

ha/h=0.4

b=40 m

b.=80 m

b=40 m

b.=80 m

b=40 m

b.=80 m

b=40 m

b.=80 m

0.24840

0.24840

0.25370

0.25320

0.25250

0.25220

0.25080

0.25060

0.11030

0.07493

0.11860

0.08235

0.11570

0.07785

0.11100

0.07673

0.08358

0.05861

0.09186

0.06574

0.08706

0.06352

0.08147

0.06654

0.06343

0.04620

0.07039

0.05383

0.06458

0.05064

0.05904

0.04531
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Figure (6). Relation between quantity reduction of seepage (Q;% ) versus nor malized
per meability (k/kc) for downstream head ratio (hq/h) 0,0.2, 0.2, 0.3.
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Figure (7a).Computed free surface for case of k/kc.=1. Q=0.02484 m°/s, hg/h=0. b.=40.
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Figure (7b).Computed free surface for case of k/k=50. Q=6.34E-03 m%s, hq/h=0.b.=40m.
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Figure (8).Normalized surface of seepage (a/h) ver sus normalized per meability (k/kc) for
two core base bc=40 m, b.=80 m for earth dam with vertical core.

6. Coreinclined towards upstream side

The second application was an example of earth dam constructed with core inclined to
the upstream side. Figure (9)shows a sketch demonstrates the problem of earth dam. Crest
width was 20m and the base of dam was 400m. Symbol (h) refers to upstream head and
symbol (hg) refers to downstream head. The vertical core in the previous example was
replaced by core inclined towards upstream side.

The relationships between normalized quantity of seepage (g/kh) and ratio of shell
permeability to core permeability (k/kc)are presented for hy/h=0.0, 0.1, 0.2, and 0.3 Figure
(10). Astheratio of k/k. increases i.e. core permeability k., decreases, normalized quantity
of seepage (g/kh) decreases but it fairly decreases when k/k. being greater than 25. g/kh was
0.25 for all cases of hy/h=0, 0.1, 0.2 and 0.3 at k/k=1 which represents case of homogeneous
dam without any core. It was also noticed that g/kh equals 0.08 at k/k; equal to 25. The
object of using impervious core was achieved at k/k:=25 and no need to use more impervious
core since insignificant reduction in g/kh was obtained. The reduction in normalized quantity
of seepage was 100 (0.25-0.08)/0.25=68% (Table 3).In addition to that it is obvious that hy/h
has insignificant effect on the g/kh at k/kc greater than 25 Figure (10).

Normalized quantity of seepage (g/kh) for the case of dam with core base b=40 m is
greater than (g/kh) when b, equals 80 m Figure (10). As the ratio of permeability increases
i.e. The core permeability decreases the difference between the quantities of seepage for the
two cases of thickness will be clear. The relation between g/kh at b.=40 and the g/kh at
bc=80 is mapped against the k/k. Figure(11). Maximum difference between g/kh for case of
b=40 and b=80 was at k/k=25, for cases of hy/h=0 and hy/h =0.1. For case of water-tail

11
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ratio hyh=0.2 and hy/h=0.3, maximum Q" at k/k=16.67 was 44% and it was 41% for both
cases of hy/h=0.2 and 0.3.Q"; is reduced to about 35% as an average at k/k:=50%. The
thickness has an effect at k/k;=16.67 more than other ratios. Core base thickness b; has an
effect on the seepage in case of core inclined towards upstream greater than that of vertical
core. For instance average Q")max=43% for case of core inclined towards upstream side and
average Q")max=31% for case of vertical core.

Figure 12a shows the computed free surface for dam without core. The surface seepage
(a) is long and quantity of seepage is Q=2.41x10°m>/s. Using vertical core or inclined core
reduces both the quantity of seepage and the surface seepage length Figure (12b, c). For case
of be=80 m, quantity of seepage decreases more than previous case (Q=4.54x10°m>/s)and also
show significance reduction in surface seepage Figure (12c). Figure (13) shows the effect of
core on the length of surface seepage (). It is clear that surface seepage line decreases as
thickness of the core increases. Although using core materials with low permeability decrease
the surface seepage line, the reduction is insignificant at k/ke>33. Using core with b;=40 m
give a=40.9m at k/k=50 and a=72.4m at k/k:=16.6. Using a core with b;=80 m gives a=
27.2m at k/k; =50 m and a=42.4m at k/k:=16.6. The case of core base b;=40 m gives greater

value of (a) compared to case of the vertical core.

Transition 20m

layers H

F 400 m %

Figure (9). Sketch of dam with coreinclined coreto the upstream side.
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Figure (10) . Relation between normalized quantity of seepage (g/kh) versus normalized
per meability (k/kc) for downstream head (hg/h) 0,0.2, 0.2, 0.3. (coreinclined towards
upstream side).

Table (3). Percent of reduction in g/kh for different k/k; and b. and for dam with

vertical core and dam with inclined core.

(Quke=1 —~Quike )/ Quie=1 (Vertical Core)

0.1

0.2

0.3

b. =40

be =80

b. =40

be =80

b. =40

b=80

67.48

53.25

69.13

54.18

69.38

55.74

72.25

74.04

74.42

74.81

76.46

73.44

78.74

72.25

79.91

74.42

81.91

76.46

(Quike=1 —Quike ) Quike=1(Inclined Core)

66.68

45.31

67.88

46.041

68.92

53.31

74.56

56.05

73.65

56.04

78.39

67.94

77.09

13

70.08

80.30
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Figure (11). Relation between quantity reduction of seepage (Q;% ) versus normalized
per meability (k/kc) for downstream head ratio (hg/h) 0,0.2, 0.2, 0.3. (core towards
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Figure (12a). Computed free surface for case of k/k.=1.25. Q=2.41E-02m°/s, ha/h=0.
b=40m.
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Figure (12b).Computed free surface for case of k/k.=50. Q=1.91€-04 m%s, hq/h=0.b.=40m.
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Figure (12c).Computed free surface for case of k/k.=50. Q=4.54E-03m?/s, ha/h=0.b,=80.
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Figure (13).Normalized surface of seepage (a/h) versus normalized permeability (k/K)
for two core base b;=40 m, b;=80 m, for earth dam with coreinclined towards upstream

sde.
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7. Conclusions

Finite element method was used to solve the Laplace equation and to locate the free
surface. Verifying the results of the computer program of flow in two dimensional (p 7.3)
[10]with available methods gives a good agreement. Two cases of core were studied:
avertical core and a core inclined towards the upstream side. The study demonstrated that the
guantity of seepage reduces as core with low permeability is used. It was found that using
vertical core with core base thickness, b:=40m, and with permeability 6% of shell
permeability decreases the normalized quantity of seepage (g/kh) to 0.45 that obtained from
flow through homogeneous dam and using vertical core with permeability 2% i.e. k/kc=50 of
shell permeability decreases the normalized quantity of seepage (g/kh) to 0.25 that obtained
for homogeneous dam.

The core base thickness also affects the quantity of seepage. It was found that doubling
the base width decreases the quantity of seepage to about 68-76 %.The location of the cores
lightly influences the quantity of seepage. It was found that using core inclined towards
upstream increases the quantity of seepage 13%.
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9.Nomenclature
List of symbolsand variables

Symbol or variable definition

A Surface seepage

be Core width

k Permeability

kc Permeability of core

h Upstream head

Q Quarntity of seepage

hd Downstream head

Q" g/kh

Q=40 a/kh for case of core
width =40 m

Q=80 g/kh for case of core
width =80 m

o Q%= Quzio - Qo .

QI;c=4o
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New Method of Obtaining a Multilayer Anodized Film on 7075-
T6 Al-Alloy Surface
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Abstract

It is well known that the anodized thin layer formed on Al-alloys surface are
characterized with porosity of nanometric dimensions whatever acid or akaline solutions are
used. In this study, an attempt was made for the first time to develop a new method for
obtaining anodized multilayer film by reinforcing the anodized oxide coating with
incorporating nanosized graphite in the layer structure during anodizing process by means of
anodizing Al- Alloy type 7075 T-6 in an electrolyte composed of water solution of chromic
acid and graphite. This leads to obtain a multilayer anodized film having good thickness and
high micro hardness properties. Nanosized particles of graphite have been formed into anodic
oxide layer. The influence of anodizing process parameters (voltage and current density) on
the thickness micro hardness and chemica compostion of a multilayer oxide film are
determined.
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1. Introduction

Anodizing or anodizing is an electrolytic passivation used to increase the thickness of the
natural oxide layer on the surface of metals and alloys parts. The process is called anodizing
because the object to be anodized is electrically positive part or anode, which is immersed in
an electrolytic bath. Direct current is then applied and hydrolysis takes place releasing a high
concentration of oxygen in auniform manner[1,2] .

Anodizing can only be applied to metals and alloys which produces an insulating film
under the anodizing conditions. This process is widely used and acceptable for the treatment
of aluminum and its alloys. The oxygen reacts with the aluminum anode to form a greatly
thickened, hard, and porous film of auminum oxide[2]. Anodizing process increases
corrosion resistance, surface hardness and wear resistance.

Anodizing process for aluminum & its aloys is electrochemical process by which Al or
Al dloys are treated electrolytically in bath containing solutions of sulphuric acid, chromic
acid or a mixture of sulphuric acid and oxalic acid to produce a uniform oxide coating on the
surface. The sulphuric acid processes are most generaly used for the production of
decorative, protective and hard wear resistant coatingg3]. The chromic acid process is often
employed, where a high resistance to corrosion is required with a minimum loss of metal
section and the protection is the major consideration. The Military and aircraft assemblies are
particular areas for this type of anodizing[4]. The sulphuric acid/oxalic acid solution is an
anodizing solution which enables relatively "high temperatures’ to be used. The properties of
the anodized coating will vary with aloy composition, anodizing process employed and
process time. Anodizing process changes the microscopic texture of the surface and changes
the crystal structure of the metal near the surface[5]. Anodized auminum alloys are multi-
step process in which the Anodized layer is built up from the base of the film but the acids
used for the anodic oxidation processes have a solvent action on the aluminum oxide film.
Therefore, porous cell structure is formed; in anodic films which needs to be sealed. Sealing is
a process used to close the porosity by treated the anodized articles by immersing them in
boiling deionized water, salt solutions or in low pressure steam. The alumina of the anodized
layer converts to aluminum monohydroxide Al,Os.H,O, which enables to close the porous
structure[6-8].

It is well known that the anodized thin layer is formed on the surface of auminum
characterizes with porosity whatever acid or alkaline solutions are used. Anodized oxide films

on Al-alloys surface are characterized by relatively arrays of uniform pores of nanometric
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dimensions. In this study, an attempt was made for the first time to develop a new method for
obtaining anodized multilayer by reinforcing the anodized oxide coating with incorporating
nanosized graphite in the layer structure during anodizing process. This leads to obtain a
multilayer with good thickness and high micro hardness properties for 7075T6Al-alloys.

2. The Experiment

The samples used were 7075-T6 Al alloy in the form of plates of 3 mm thickness. The
anodizing process of Al-Alloys 7075 T-6 was processed by removing all foreign materials
from the surface area to be anodized. Abrade areas using a gray abrasive pad until a uniform
abraded surface were obtained. Solvent was used to clean the area to be anodized using 5%
KOH and a 10 % HNO; solutions.

The surfaces prepared were subject to electrolytic oxidation by the direct current method.
The electrolysis was conducted in an electrolytic plastic tank of the dimensions: (20 X 20 X
15) cm with round edges. Pipes made of 7075 T-6 Al-alloy was used as the anode with 50
mm length , 81 mm diameter and 3 mm thickness. Table 1 lists the chemical composition for
used & standard 7075 T6 Al-alloys. A stainless steel rod of the 1/ 5" of the anode area was
used as the cathode. Electrodes were immersed to the depth of 3 cm from the tank bottom.
Anodization was carried out in an the electrolytes solution of 10% chromic acid (CrO3) { 100
o/ L} with an addition of 0.5% loose hexagonal graphite which grain size are less than 50-53
micron and had high purity of 99.9%.

During the anodizing process, the electrolyte was stirred in one direction with a
mechanical stirrer at the constant speed of 150 r.p.m. This stirring speed enabled obtaining a
homogeneous graphite suspension throughout the electrolyte volume. Graphitization was
conducted during the electrolysis, producing a multilayer achieved by incorporating graphite
into oxide structure. The anodizing process was conducted during a constant time period of 1
hr. at the current density of 2 or 3 A/dm? and at room temperature.

After completion of the anodizing process, the samples were rinsed for 1 hr. in the
distilled water in order to remove remaining electrolyte. The samples, then sealed by
immersion into a bath of boiling water to close the pores in a multilayer aluminum oxide.
The thickness of all layers was measured with a Fischer's Dualscope thickness gauge. The
analysis of the composition of the multilayer was performed using an X- ray diffractometer
type a Philips PW3710 by using A cy-k o= 1.54 A. Microhardness was determined by using a
Hanemann micro hardness tester.
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Operating conditions that may affect the anodizing process (electrolyte compos ion, voltage
and current density) on the anodizing processing time, film thickness and its microhardness
are studied in this work.

3. Resultsand discussion

Figure (1) illustrates the relations between the anodizing voltage and the anodizing time
for Al,Os layer and for Al,O3 + graphite. The value of anodizing voltage was varying with a
growing oxide layer. At the beginning of the process, the voltage increased to a certain
maximum value, called critical voltage; next it decreased slightly and having reached a certain
minimum, then increased again. The reasons for this phenomenon are processes taking place
during the oxide coating's formation[5-8]. The value of voltage was found proportional to the
current density.

Table (2) shows that the current density and the electrolyte composition have a direct
influence on the layer thickness during the anodizing process. Since anodizing is a balance
between the chemical dissolution and the oxide formation processes, in the initial stage of
anodizing, the total thickness of the composite coating was slightly decreased under a low
current density due to alow deposition rate. It is assumed that the dissolution rate was greater
than the deposition rate in this stage. The thickness of the anodic film then increased with the
operating time.

Thickness of Al,O3 formed at room temperature amounted to 33 pm at current density of
2 Aldm and 45.5 pm at 3A/dm?, while thickness of Al,Os + graphite a multilayer amounted to
30.5 pm at 2 A/dm? current density and 41 um at 3 A/dm?. This means that, the thickness of
Al,O3 were was by 5-10%higher than those of a multilayer, which results from a better access
of the electrolyte ions to the oxidized material.

Proper current density for a given application is dependent on the purpose of the coating.
The higher the current density, the faster the coating is applied. Too high of a current density,
however, resulted in overheating of the work area and soft, thin coatings. On the other hand a
low current density needs a long anodizing time.

Table (2) also shows that, microhardness of oxide layer formed on Al alloys depends on the
conditions of the anodizing process, decreasing upon increasing the surface porosity. All
layers formed in the electrolyte containing graphite have higher microhardness than those
formed in the basic electrolyte. The difference in microhardness between the Al,O3 coatings

and the Al,Os3 + graphite coatings varies between 150 and 500 M Pa respectively, depending
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on the current conditions. The layers had higher microhardness during anodizing at current
density of 2 A/dm? than that at current density of 3 A/dm?* These results imply the filling of
the aluminum oxide fibrous structure results in its enhanced hardness. From the difference in
size of graphite grains and oxide nanopores it results that the mechanism of obtaining a
composite layer consists in simultaneous building in of graphite into the structure of oxide
layer during the formation!®.

An examination conducted on the substrate and the anodized layers using XRD reveal the
presence of Al and graphite. Figure (2) shows the diffract s of loose graphite belongs to the
polytypic 2H. The basic reflex 002, whose value a mounts to 3.367 A° & the intensity 1=100.
Figure (3) is dominated by two intense peaks 1.435 A° belong to the substrate, whereas the
reflex 3.361 A° belongs to graphite , with the number of counts amounting to 116 counts/s,
which indicates the largest amount of graphite in the Al,O3; layer among the investigated
surfaces when the anodizing processes were done at 2 and 3 A/dm? respectively.

4. Conclusions

The developed technology enables obtaining a multilayer of aluminum oxide and graphite
during one technological process. The largest amount of graphite in the Al,Os; layer was
obtained at the current density of 3 A/dm? Al,Os + graphite a multilayer film having a smaller
thickness(30.5 to 41 um) but higher microhardness (4600 to 5010) , when compared to the
film obtaining after anodizing without graphite in the same condition, which have 33-45.5 pm
thickness and 4500- 4900 micro hardness.
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Table (1).The chemical composition of used Al-alloy compared with its standard

composition .

Table (2).Theinfluence of electrolyte composition & current density on thethickness &
micro hardness on an anodized film.

Electrolyte Current Thickness of Micro hardness
Composition Density(A/dm?) film (um) of film
2 33 4500
3 45.5 4900
2 30.5 4600
3 41 5010

Without Graphite

With Graphite
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Figure (1). Therelations between anodizing voltage and time of process depended on the
electrolyte composition. A) at 2 A/dm?, b) 3A/dm?.

ey

A

2250001

10000

2500

Grapte  ©
| G
| e '
¢ ¢ oo
"""-—.—-—""rr- """----Jln_-_-_'ll.{l lk"---—'ll I"——""n-_..\_ ..._.ll l!_._-""rk‘ “"r"‘--
20 413 an Bl i [dea 100

Figure(2) . XRD of graphite.

24



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

1600 Al
CoLntsiz

200+

400
Graphlta

m'WL__‘
wm

0 4 80 B0 100
26 [deg|

Figure(3-a)

12251 Al b)
900

Countsfs
6257

Graphite

2@ [deg

Figure(3-b)

Figure(3) . XRD of theamultilayer film on anodized 7075-T6 Al-alloy. &) at current
density 2 A/dm?b) at current density 3 A/dm?.

25



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

Analytical Study of Combined Convection Heat Transfer for Flow
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Abstract

In this paper a numerical investigation is made to study the axially symmetric, laminar
air flow in the entrance region of an annulus by solving the two dimensional governing
equations of motion ( continuity, momentum & energy ) using implicit finite difference
method and the Gauss elimination technique. A STAR CCM + program is used. The results
obtained for velocity and temperature profile revealed that, the secondary flow created by
natural convection have a significant effect on the heat transfer process. A comparison has
been made for results which show a good agreement.

K eywords. numerical combined convection; thermally developing flow; finite difference;

horizontal annulus.
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1. Introduction

Convection heat transfer is one of the important heat transfer modes, this process is
classified into three distinct types (natural, forced and mixed) convection. The interaction of
the natural and forced convection currents can be very complex and difficult because it
depends not only on all the parameters determining both forced and free convection relative to
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one another but sometimes also on a large number of interacting parameters including the
relative direction of the natural and forced convection to each other, the arrangement of the
geometry, the velocity profile at annulus entrance and the heating surface boundary conditions
[2].Laminar flow combined convection heat transfer in annulus is encountered in a wide
variety because of specia importance in many industrial engineering applications. The
following examples can be cited: heating or cooling of double pipe heat exchangers for
viscous liquids, heat exchangers for gas flows [2], cooling of electronic equipment, compact
heat exchangers [3], and the cooling core of nuclear reactors [4]. The full understanding of the
prevailing velocity and temperature fields, as well as, the pressure drop and heat transfer
coefficient, is necessary for the proper design. In addition, to estimate the magnitude of the
thermal shock that any one of the preceding systems wall will suffer [5, 6, 7].

Therefore, considering the secondary flow motion continues along the annulus, where as
in the uniform inner wall temperature boundary condition, the secondary flow motion
develops to a maximum intensity and then diminishes to zero as the temperature difference

continuously decreases [8, 9, and 10].

2. Mathematical modeling

2.1. Governing equations
The governing equations of motion are developed on the following assumptions:

Fully developed velocity profile at the entrance of the test section, Steady state laminar and
upward flow, Constant wall heat flux at annulus inner tube, constants fluid properties except

the density in the buoyancy term and viscous dissipation is neglected.

The following Non dimensional differential equations represent conservation of
continuity, momentum (Navier Stockes eguations in both axia and radial directions) and
energy equation [1] & [4].

Continuity equation:

ﬂ+ v A 0 (1)
X R 1R

Momentum equation in axial direction:
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(2)

(3)

(4)

(5)

The viscosity and density variation with temperature are taken to be [11, 12, and 13]:

m=m(C, + C,t- Cyt?)
r =r,(C,- Cst+C,t?)

Where C;, Cy... C6 are constants.
Where the following dimensionless parameters are used:

u.u , v.v ,rR=1 x=2X
U_ u I I

pu’

Viscosity and density variation, equations (6, 7) in dimensionless form becomes:

m=m(Cc,+Cc,T- Cc,T %)
r =r,(Cq- (Cc/G)T+Ccy/ QT ?)
Where:

Cci=C; +C,t-Cst? * Ccp= (U/G.Cs) (C-2C5) , Cez=-Co/G?.Cs

Ccy = (C4-Coti+Cst®) , Cos= (2Ceti/ Cs)—1 , Cce= Cs/ G.C52
The boundary conditions in dimensionless form are:
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3. Numerical solution

In thermal entrance region, the problem of air flow with constant physical properties
except the density in buoyancy term is that the energy equation (4) is coupled with the
continuity and momentum equations (1 - 3). This leads to say that the problem may be
divided into two parts. The egquation of energy can be solved to determine the temperature
profile after which the continuity eguation and momentum equation can be solved to
determine the hydrodynamic characteristics of the entry length by using the temperature
profile previously obtained from thermal calculations. In the following numerical
approximation method, the energy equation will be solved by a direct implicit technique and
the hydrodynamic part of the problem will be solved by means of extension to the linearized
implicit finite difference technique. A rectangular grid was used with sufficesnand m for
the axial and radial directions, respectively. A uniform radial spacing was used, but the
marching procedure permitted a doubling of the axial step size at arbitrary location and any
number of times. Basically, the unknown solution grid point is defined by suffix (n+1,m) and
the finite difference method is used to give sets of linear equations for the variable U, V, P
and T at the unknown axial position "n+1". Where the product of two unknowns occurs,
linearity in the set of equations is achieved by putting one unknown of its value at the
previous known step "n".
The boundary conditions in finite difference form become:

(m 1) 0 Vim=0, Pbm=0 , Tim =0

1. Entry condition: U1 n=»
2 =
g 2 5
2. Wall flow condition: Un, M41=0, Vpm+1=0
4
arn C5 g
3. Wall thermal condition: Tnns1 =Ton+ —5 — —
v Sk
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4. Computational method and simulation program

In the present theoretical work a computational model is used to study the effect of
various parameters such as the heat flux and the Reynolds number on the velocity and
temperature profiles and on the heat transfer coefficient in a horizontal annulus. The
procedure used to solve the above equation was as follows:

Equation (4) (for temperature) was written for each radial position at first axial step. This
gives a set of M-1 equations for the unknowns T’s that were solved by Gauss elimination
method. Then equations (1 - 3) with integral continuity equation (4) were similarly written
and solved for the unknowns U, V and P and these gave equations for U, V, and P unknowns.
The known values of T, U, V and P where then used as input data to solve the next axial step.

The introduction of second derivative of velocity and temperature in the axial direction
means that three axial positions were involved in the finite difference approximation, two
positions (suffices” n-1" and " n") were known and one (suffice "n+1") was unknown. After
solution of agiven step, the old valuesat " n" and "n+1" became the new valuesat "n-1" and
"n" respectively and old " n-1" data redundant, and we use STAR CCM+ package for solving
problem. Knowing the temperature profiles from the numerical solution of energy, the mixing
cup temperature and the local Nusselt number at any cross section can be calculated. The
mixing cup temperature at any cross section is defined by:

P

c‘)turdr

t, == (10)

c‘)urdr
or, in dimensionless form:
1
(‘)TURdR
Tn=H—— (12)
(‘)URdR
N

The local Nusselt number at any cross section is defined by:

gD

Nu =————
. k(tsx - tmx) (12
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or, indimensionlessform:  Nu
T9< - me

(13)

Where:
T«= Dimensionless local inner tube surface temperature.
Tmx= Dimensionless local mixing cup temperature.

5. Results and discussion

The numerical study has been conducted mainly to study combined convection heat
transfer to assisting airflow in a heated horizontal annulus. The temperature profile, velocity
profile, variation of the inner tube surface temperature, and local Nusselt number along the
annulus has been investigated.

5.1. Temperature profile

Generally, the variation of the surface temperature along the annulus inner tube may be
affected by many parameters such as heat flux, flow velocity, the annulus inclination and the
flow entrance situation.

The temperature distribution in the horizontal annulus for selected runs is plotted in
Figures (1, 2). From this figure it can be seen at test section entrance the inner tube surface
temperature gradually increases up to a specific axial postion the temperature reaches a
maximum value, after that the inner tube surface temperature decreases at annulus exit. Figure
(1) shows the effect of Reynolds number on the inner tube surface temperature for heat flux
(241 W/m?). It is obvious that the increase of Re lead to reduce the inner tube surface
temperature, as the heat flux is kept constant. It is necessary to mention that as heat flux
increases the inner tube surface temperature increases because the free convection is the
dominating factor in the heat transfer process. Figure (2) shows the variation of the surface
temperature along the annulus inner tube for different heat flux, for Re=598 and for calming
section length equal to 60 cm (L/ Dy =13.95). This figure reveals that the inner tube surface
temperature increases at annulus entrance reaching a maximum value after which the inner
tube surface temperature decreases earlier for higher heat flux. This can be attributed to the
development of the therma boundary layer faster due to buoyancy effect as the heat flux
increases for the same Reynolds number.

31



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

The inner tube surface temperature variation for the second calming section with length
equal to 90 cm (L/D h=20.93) for Re=598, shows a similar trend as mentioned above for (L/D

h =13.95).

5.2 Velocity profile

The velocity profiles along the horizontal annulus, for Re=1200 and for different rates of
heat flux for inner wall, are shown in Figures (3 & 4), from these figures one can see that, for
high (Re) number the profiles have revealed a small effect of buoyancy forces in all the
profiles and show a profile similar to pure forced convection behavior. The maximum
velocity occurs at dimensionless radial distance (R) equal to (17). Figure (5) shows the axial
velocity profiles for Re=540 and for heat flux equal to 288 W/m?. The profile a annulus

entrance (x=0) computed and depicted for afully developed pure forced convection.

5.3. Surface temperature

The inner tube surface temperature distribution along a horizontal annulus is shown in
Figures (7 to 9). The inner tube surface temperature distribution along the annulus, for
different heat flux and for constant Reynolds numbers (332 and 1128) is shown in Figures
(6&7) respectively. The temperature variation for different Reynolds numbers and for
constant heat flux (82.778 W/m? and 545 W/n) is shown in Figures (8&9) respectively. The
figures show that the inner tube surface temperature increases as the heat flux increases for
same Reynolds number. While the inner tube surface temperature decreases as the Reynolds

numbers increase for same heat flux.

5.4. Local Nusselt number (Nuy)

The variation of local Nusselt number (Nuy) with dimensionless axial distance (Z°), for
horizontal position is shown in Figures (10 to 13) for selected runs. The general shape of
these curves plotted on a semi logarithmic plot decreases, at annulus entrance until it reaches
a minimum value after which (Nu) increases at annulus exit. It is clear that as Z* approaches
zero the (Nuy) must approach infinity since at Z* equal to zero, the boundary layer thickness is

Z€ero.
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Figures (10&11) show the effect of the heat flux variation on (Nuy) distribution for
Re=598 and Re=1128 respectively. It is clear from these two figures that at the higher heat
flux, the values of (Nuy)were dlightly higher than the values of lower heat flux. This may be
attributed to the secondary flow superimposed on the forced flow effect increases as the heat
flux increases leading to higher heat transfer coefficient. The smooth curve in each figure
represents the theoretical pure forced convection (TPFC) based on constant property analysis
of [10].

Figures (12&13) shows the effect of Reynolds number variation on (Nuy)distribution
with (Z*), for heat flux (241 W/n?) in Figure (12) and for high heat flux (545 W/m?) in
Figure (13). For constant heat flux, the (Nuy) value gives higher results than the predicted
pure forced convection value and moves toward the left of (TPFC) as Reynolds number
increases. This situation reveals that the forced convection is dominant on the heat transfer
process with little effect of buoyancy force for high Reynolds number. As the (Re) number
reduced, the buoyancy effect expected to be higher which improves the heat transfer results.

It is necessary to mention that for horizontal annulus, the effect of secondary flow is high,
hence a low Reynolds number and high heat flux, the situation makes the free convection
predominant. Therefore, as the heat flux increases, the fluid near the inner tube wall becomes
warmer and lighter than the bulk fluid in the annulus while the fluid near the outer tube
(unheated) becomes heavier than the bulk fluid in the annulus. As a consequence, two upward
currents flow along the inner tube circumference, and by continuity, the fluid near the inner
surface of outer tube flows downward. This sets up an expected two longitudinal vortices,
which are symmetrical about an inner tube. These vortices reduce the temperature difference
between the inner tube surface and the air flow which lead to increase the growth of the
thermal boundary layer along the annulus and causes an improvement in the heat transfer

results. But at low heat flux and high Reynolds number the situation makes the forced
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convection predominant and the vortices strength diminished which allow the forced flow to

decrease the temperature difference between the inner tube surface and the air, hence the

(Nuy) values become higher.

The (Nuy) distribution for the second calming section (L/D,=20.93), and mentioned

above when (L/D,=13.95) in horizontal position, for the same Reynolds Reynolds number

and same heat flux.
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6. Conclusions

From the results obtained, the follow conclusions can be drawn:

1. The temperature profile along the annulus shows a steep profile near the heated
surface.

2. Near the annulus entrance the velocity profiles for different heat flux were found to be
similar to those for pure forced convection behavior. But in the annulus downstream
the velocity profiles were distorted and a high degree of central concavity appeared by
the action of buoyancy forces.

3. For high (Re) number, the velocity profiles does not change with the increase of heat
flux, from the pure forced convection trend and no effect of buoyancy forces. But in
low (Re) number the velocity profiles change with the increase of the heat flux.

4. The central concavity of velocity profiles diminishes as (x) increases but does not
vanish completely. The degree of central concavity decreases as (Re) number
increases.

5. The variation of (Nuy) with (Z"),was affected by many factors summarized in the as,

heat flux, buoyancy force, Reynolds number.
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8. Nomenclature

Symboal Description Unit
Ci, Cs = Constants, egs. 6)& (7) e
C,,Cs = Constants, egs. (6)& (7) 1/°C
Cs,Cs = Constants, egs. (6)& (7) 1/ °C?
Cc1,Cc,Ccz = Constants,eq. 8 e
Cc4,Ccs5,Ccs = Constants,eq. (99 e
Co = Specific heat at constant pressure Jkg.'C
D, = Hydraulic diameter M

G = Gravitational acceleration m/s’

H = Heat transfer coefficient wWim?.'C
K = Thermal conductivity w/m."C
L = Annulus length m

M = Radial mesh point inthe annular space  —mmeeee-
N = Axia meshpoint e
P = Dimensionless pressure at any cross section=p - p; /r um2 ---------
R = Radial coordinate m

N = Inner radius of inner tube m

r, = Outer radius of outer tube
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tm = Mixingcup temperature over any Cross section

T = Dimensionless temperature= G.C . (t - t,)

Ta Ts = Congtants

U = Axial velocity component

Un = Axial mean velocity

\ = Radial velocity component

\Y = Dimensionless radial velocity component = v/u
X = Axial coordinate

Dimensionless Group

Re = Reynolds number
Superscript
a Air

i Annulus entrance (inlet)

S Surface
t Total
w wall

X Local
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Abstract

Orthogonal frequency division multiplexing (OFDM) is an attractive technique for
modern wireless communication. One major drawback of orthogonal frequency division
multiplexing schemes is the high peak to average power ratio (PAPR) of the output signal.
Selecting mapping (SLM) and partial transmit sequences (PTS) are two important techniques
for reducing PAPR, but they need to transmit side information to indicate how the transmitter
generates the signals. In this paper, we proposed an efficient technique to reduce PAPR in
OFDM system. For this technique, circular shifter used to produce K cyclic sequences from
the same information sequence. These sequences XOR with K randomly generated keys, the
same keys used in receiver side to detect data. The sequence with the lowest PAPR among K
sequences is chosen for transmission. Side Information (SI) is coded using Hamming code
and embedded into the information sequence. Computer simulation tests have been applied on
BPSK and N= 64 subcarriers OFDM system with the proposed method. Moreover, this
system will be evaluated under the effect of AWGN channel. The results exhibit the ability of
such technique to reduce the PAPR without major effect on the system performance as
compared with the conventional OFDM technique. The PAPR of OFDM signal is further
reduced by 4-5 dB by this technique.

Keywords. Orthogonal Frequency Division Multiplexing OFDM, Pesk to Average power
ratio (PAPR), AWGN channel.
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1. Introduction

Orthogonal frequency division multiplexing (OFDM) is a promising technique for high
speed data rate transmission [1].Moreover, OFDM has also been widely applied to wideband
communications over mobile radio channels, high-bit-rate digital subscriber lines (HDSL),
and digital audio broadcasting (DAB), etc. However, one of the implementation drawbacks of
OFDM s that the transmitted signal has a high peak to-average power ratio (PAPR). A
communication system with high PAPR not only decreases the efficiency of a linear high
power amplifier but also increases the complexity of an analog-to-digital converter.
Therefore, the subject of finding a computationally efficient algorithm to decrease the PAPR
in OFDM systems has become an active research.

Recently, many methods have been proposed to reduce the PAPR of the transmitted
signal. Clipping is a simple effective technique for PAPR reduction by clipping the peak
amplitude of amplification [2]. Since clipping is a nonlinear process, it may cause significant
in-band distortion and out-of-band radiation. Several coding schemes that use a special
forward error correcting code set that excludes OFDM signals with a large PAPR, thus they
significantly reduce the rate of transmission for large values of N [3]. Selective mapping
(SLM) [4] and partial transmit sequence (PTS) [5-6] are based on scrambling each OFDM
signal with different scrambling sequences to obtain lower PAPR, and the sequence with the
lowest PAPR is transmitted, both of which need to transmit side information (SI) to the
receiver to recover the original sequence. In this paper, we proposed an efficient technique to
reduce PAPR in OFDM system .The proposed technique depend on generating K pattern of
same information sequence by using K circular shifters and K Keys scrambling by XOR gates
.The identity of shifting circular registers sent as side information and embedded in data
information. The performance of the proposed technique for reducing the PAPR is presented.
This paper is organized as follow. Section 2 presents the definition of an OFDM system and
the PAPR. Section 3 introduces the proposed system model. Results are presented in Section
4, and finally the paper concluded in Section 5.
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2. OFDM system and paper definition

OFDM is a block modulation scheme where a block of information symbols is
transmitted in parallel on sub-carriers. The time duration of an OFDM symbol is times larger
than that of a single-carrier system. An OFDM modulator can be implemented as an inverse
Fast Fourier transform (IFFT) on a block of information symbols followed by an analog-to
digital converter (ADC).Consider an OFDM system with N sub-carriers. Each OFDM
block(OFDM symbol), x(t), 0<t < T, consistsof N complex baseband data Xo , X3,....., Xm1
carried on the N subcarriers respectively for a symbol period of T. The OFDM symbol x(t) is:

1 onN-1 i2mnAftOst<T
75 2m=0 Xne’ " 4 &)

X(1))=

0 elsawhere

Where Df | 1/Tisthe sub-carrier spacing and n denotes the index in frequency domain and

Xn is the complex symbol in frequency domain. Furthermore, equation (1) can be expressed
using the IFFT [7].

Figure (1) shows atypical block diagram of a Basic OFDM system. The serial input data
stream is converted to N paralel sub channels and mapped with a selected modulation

scheme, resulting in N subchannels containing the information in complex number form.

These complex values are then sent to the N channel IFFT. The parallel signals are
converted back to a serial sequence by using a P/S converter. A guard interval is inserted to
reduce the effect of ISl caused by multipath propagation. Finally, the signal is converted to
analogue signal and converted back up to a suitable form for transmission. At the receiver, a
reverse procedure is used to demodulate the OFDM signal.

43



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

Transmitter side

Seria Input Data cuard
ar »
» SP :> Mapper :> IFFT :> |ntL<JervaJ j D/A [ ConL\J/(F;rter
Insertion
Channel
Receiver side
Seria Output Data
d <
PSP (T e [ v [ AD [ Do
Removal
Figure (1). Block diagram of the basic OFDM system.
According to eg. (1), the peak instantaneous power is.
Proc= Max ax [x(t) | )
An OFDM symbol sequence can be represented by X(t) , X(t+T1),...... X(t+mT),...
The average power of OFDM symbol sequence is:
N-1
Pav(x,, X, Ya¥aY4.,X,,) = @ Elx|] ?3)
k=0

Where E[|xk|2] is the expected value of |xk|2 .The pesk average power ratio (PAPR) of the

OFDM symbol X(t) is:

max |x(t)|
PAPR = e =00 )
Py (X X seerees X 1) ) E[|Xk|2]
k=0

If the power of the input signal is standard, the E[|xk|2] equal to 1.Then:

2

£N ©)

PAPR = max|x(t)|* = max|— J2p0t

1 [0,T) ti[0T)

\/_ a X.e

As aresult, the PAPR value is not larger than the number N of sub carriers, e.g. the peak
power value of OFDM signals is N times larger than its average power. So, the maximum
PAPR equals to N. With the increase in the number N of sub channels, the maximum PAPR

increases linearly. This makes high demands on the linear range of the front-end amplifier in
sending side.
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Although the probability of the largest PAPR is low, in order to transfer these high PAPR
of OFDM signal without distortion, all the linearity of the High Power Amplifier (HPA) in
sending side, the front-end amplifier and A/D converter should meet the high requirement.
But these equipments meeting the high requirement are expensive. Therefore, it is necessary
and important to reduce PAPR in OFDM system.

For an OFDM signal with N subcarriers, the PAPR can be defined as| 8]:

max|X(t)| 2

PAPR = 5
E|x(®)|

(6)
In particular, a base band OFDM signal with N sub channels has maximum PAPR equal to :
PAPRmax=10l0g10(N) @)

For M-PSK modulation, there are only M? sequences having maximum PAPR equal to 10log
(N) as described in [9].This means, the number of sequences that gives very high PAPR is
small. If the number of sub channels increases, the ratio of the sequence ( R ) that gives so
much PAPR and all distinct sequences decreases rapidly. The overall number of distinct
sequences for the N subcarriers OFDM system with M-PSK is MN. Thus the ratio can be
obtained by:

R= :MZ'N (8)

From the central limit theorem, it follows that for large values of N (N>64), the real and
imaginary values of x(t) become Gaussian distributed. Therefore the amplitude of the OFDM
signal has Rayleigh distribution, with a cumulative distribution given by F(z)= 1- €*. The
probability that the PAPR is below some threshold level can be written as:

P(PAPR<Zz) = (1-¢&*)N (9)
In fact, the Complementary Cumulative Distribution Function (CCDF) of PAPR of an OFDM
is usually used, and can be expressed as:

P(PAPR >PAPRo ) =1- (1 - e PN (10)

This theoretical derivation is plotted against simulated values in Figure (2) for different
values of sub carriers N.

45



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 _

PPFR>PAFRD)

10
PAPRo(dB)

Figure (2). CCDF for different valuesof Sub carriers.

3. The proposed OFDM system model

The main idea in this research is to generate multiple and different patterns of the same
information. Generation of these patterns leads to increasing the likelihood that the pattern
which will have the least PAPR among the various patterns will be sent. A number of circular
shift registers is used to generate different patterns so that each pattern is different from the
other in the amount of offset in circular shift registers as shown Figure (3). Additional
information that describes the amount of offset in the shift register is mixed with data
Therefore; the proposed method will not need to send the side information separately from
data as in the case of SLM method. The error in the amount of shifting in the receiver side
leads to an error that occursin all the collected data, leading to increasing the BER. Hamming
code method has been adopted to encrypt the amount of the offset to reduce the BER.

Data 60 bit I dentity of data shifted 4 bit

Figure(3). Generation of the different patternsby using circular shifters.
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Figure (4) depicts the block diagram of the proposed transmitter TX-OFDM system,
circular shifters are used to produce K cyclic sequences from the same information sequence
where the n™ circular shifter shifts the sequence data by n bits (n=0 to K-1). These sequences
XOR with randomly generated keys (K=16). Identity of Shifted Data is embedded as side
information. The information (Data & ldentity of Shifted Data) are modulated by using
BPSK. An inverse Fourier transform converts the frequency domain information (Data &
Identity of Shifted Data) set into samples of the corresponding time domain representation of
this information. The sequence with the lowest PAPR, among K sequences, is chosen for the
transmission. At the receiver RX-OFDM, a reverse procedure is used to demodulate the
OFDM signal.

F:> Circular shifter_1 (60 Bit)
D= >
IFFT-1

KEY_1 (60 bit)

Bpsk | 2Pt /| 64point
Data S/p I dentity of
Input Data shifted 4 bit >
1D,

i1

A 4

Circular shifter_16 (60 Bit)

QO 4\ IFFT-16

KEY_16 (60 bit) 64 bit .
BPSK _‘/ 64 point
I dentity of -
Data shifted 4bit
D16

ddVd Wnwiuip asooyd

i

Figure (4).Block diagram of TX-OFDM proposed system.
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4. Results and discussion

The proposed model of transmitter and receiver OFDM was realized in MATLAB 7.6
(R2008a) octave codes, BPSK modulated and N=64 sub-carriers are considered. Figure (5)
shows the normalized output power of the OFDM system with and without proposed
technigue. From the Figure (5-@), wide variation in the instantaneous power of the
conventional OFDM system which leads to large PAPR can be easily observed. Comparing
with Figure (5-b), we can observe that the instantaneous power variation is reduced when we
used the proposed technique.

Figure (6) depicts the (CCDF) of PAPR for the proposed OFDM system for different No.
of circular shifters. The PAPR statistics improved with increasing No. of circular shifters.
When No. of circular shifters are equal to 16, the PAPR can be reduced by 4-5dB as compare
with the conventional OFDM system.

04 T T T T T T T

MMormalied Power

03 j 5

02

01

(b} OF DM using Praposed Technigus 10

Figure (5).Normalized power of proposed OFDM system in time domain.
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The used Keys and XOR gates in the proposed OFDM system description in Figure (4)

played a key role in obtaining a wide variation patterns for the same information and thus

become to get the lowest PAPR possible.

The proposed system has been tested in the presence of noise in channel (AWGN) so as

to measure the Bit Error Rate (BER). Results showed that the proposed system with K=16

circular shifters gave Bit Error Rate higher than the conventional system .The error occursin

one of the bits of Identity of Data shifted (ID) lead to crash whole the data frame which leads

to increased Bit Error Rate. Error correction method is used for ID in order to reduce the error

in the data frame in receiver side. Hamming code (7,4) method is used to detect the error of

ID in receiver side. Results showed that the proposed coded OFDM system showed quite

similar performance to the convention system, as in Figure (7).
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5.Conclusions

A new Technique is proposed for the PAPR reduction in OFDM system, based on K
circular shifters to shift data symbol by n™ bit and XOR each with K keys. Then the sequence
with minimum PAPR is chosen for transmission. The proposed technique minimizes the
variation in the instantaneous power of the conventional OFDM system as well as reduces
PAPR. The PAPR reduction is forward proportionally to the number of circular shifter. PAPR
is reduced by 4-5 dB when compared with conventional OFDM. The proposed technique
offers a higher BER performance compared with conventional OFDM. The BER performance
for the proposed scheme can be improved by using appropriate coding technique for 1D such
as Hamming code (7,4). The use of Hamming code makes the BER for the proposed OFDM
system very close to that of conventional OFDM system. However, one of the difficulties in
the new technique is the large number of IFFT. The proposed method is similar to SLM
method, but the proposed technique doesn’t require any side information as in SLM method.
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Abstract

In this paper the code DEFORM-3D V6.1 was used to perform a finite element analysis
simulating the turning process of AISI 1045 carbon steel. A series of thermal simulations
have been performed, the value and location of maximum temperature have been determined.
The comparison of the simulations with earlier works gave promising trend for the presented
work with a maximum percentage of error 3.23%. The results of this work show that the
maximum temperature exists in the vicinity of the cutting edge. i.e. in the tool-chip contact
and then starts cooling immediately when the tool crosses this region. Besides the maximum
temperature in the tool-chip interface increases as the cutting time increases until the process
reaches the steady-state condition where the temperature is alternating around the mean
temperature. Finally the behavior of temperature differs in value and distribution for the same
location and time (same boundary conditions) in the cutting direction with the change in depth

of cut where the maximum temperature occurs at maximum depth of cut.

Al Al Alas 85 1 al) cila 3 S L) ao ) iy adaall jualiad) 4, a5 il
oaldiunl)
alaie pdad Aglac 3Slaal saaaall jualiall (a3 ¢l Y Deform-3D V6.1 gl pasinl caall 134 b
&L sail) 5l all Aa jy (f8a s Aad 20al SIS Cllee o Aluls 345 5 AIS] 1045 ¢ 55 SslS lal
L el S Gl G Jelle @855 asas Bagdy Al dladl ae Jad) deadl o &l
(uadli Aidaia b kil Ala o Ay jie o 2gnse (gl 51 pall da o (b S35 sl Jaall i, 063, 23Ul
A ey ) ALyl dadaiall oda 3laY1 ket Laie gl o palaasVUh 5 pall da o fag &5 (il )l e 31aY)
Aa ) adaill dlee Joad Jin 501 Caad LIS ol ) ge 310V Luedls Zilaie & (5 gumadll 5] jall G j) Gad
Oe Bl Bl el A gl o) aa g Tpal Aas gl Lgiad s 2L 5 5] all da o ladey fag ) ) Y

52



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

O L sl S adal Bae (8 il g adadll olail (Jd (paadl oy i) i) gl o sall il 5 il 5 Al Cas
b (Bee (il 8 s ) ja da 0 ol

1. Introduction

During metal cutting, the work of plastic deformation and friction between the cutting
tool and workpiece are the main heat sources and can result in a significant temperature
increase both in the machine material and the cutting tool. The temperature increase, in its
turn, changes material properties such as the yield stress, coefficient of thermal expansion,
conductivity and specific heat, thus influencing deformation processes and stresses evolution
in the workpiece[ 1].Generally, increasing temperature decreases the strength of the workpiece
material and thus increases its ductility[2] . Besides, analysis of the thermal fields in metal
cutting has been the topic of research interest for many years. It is a complex problem,
involving many parameters and is too cumbersome to be truly simulated in any mathematical
form. The problem zone being too small, any experimental technique would also have definite
limitations in practical application and in these cope and reliability of the measurements.
Nevertheless, it is undoubted that the thermal phenolmenain metal cutting play a vital role in
influencing the tool wear rate. Shear zone temperatures influence the deformation process and
in effect the chip-tool interface temperatureq3]. Another added complexity is the
characteristic influence of the steep thermal gradients that gives rise to thermal stresses.
Furthermore , the combined thermo-mechanical stresses would result in complex stressed
states for the cutting tools.
The generation of heat arises from several main sources, namely the primary shear zone at the
tool workpiece interface, the secondary shear zone at the tool chip interface, and at the
clearance face contact[4].All energy involved in plastic deformation (in the shear zone and at
the chip-tool interface) is converted into heat[5].

The temperature in the primary and secondary shear zones are usually very high ,due to the
high shear and friction energies dissipated during a machining operation[6].The temperature
distribution in the work material and tool-chip is affected by tool material, workpiece
material ,cutting speed, feed deep and the tool coating materials. Obviously, it is necessary
and significant to establish the nature and distribution of the metal cutting temperatures.

An anayses of the one-dimensional transient temperature distributions in monolayer coated
tools and the analytical formulae of the transient temperature distributions for the monolayer

cutting tools were obtained using Laplace Transform was presented by[7] .Heat partition and
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the temperature rise distribution in the moving chip as well as in the stationary tool due to
frictional heat source at the chip tool interface alone in metal cutting were determined
analytically .This was studied by[8] using functional analysis. A novel approach to the
prediction of cutting temperature in multi-layer coated tools was presented. This approach
considers the contact mechanics at asperity level and resulting thermal constriction resistance
phenomenon [9].Proposition of an innovative approach, based on a simple inverse procedure,
in order to identify both the heat flux flowing into the tool through the rake face and the heat
transfer coefficient between the tool and the environment during a typical orthogonal cutting
process. It is worth pointing out that the effective determination of such quantities is
necessary in order to carry out a reliable prediction of the temperature distribution in the tool
during the process [10].The tool-chip interface temperature is measured experimentally during
turning of EN-31 steel alloy with tungsten carbide inserts using a tool-work thermocouple
technique[6]. The relevance of temperature measurement method to high speed cutting. New
temperature measurement results obtained by a thermal imaging camera in high speed cutting
of high strength alloys are aso presented [2].A study deals with the qualification of the tribe
logical system ‘work material-coated carbide cutting tool-chip’® to achieve a clearer
understanding of the heat flow during the turning process in tool substrates, this highlights the
advantages offered by certain coatings which combine hardness and self-lubricating
properties, for example (Ti,Al)N+MoS2 [11]

The FEM package applied allows the temperature distribution and heat flux intensity to be
predicted closer to appropriate measurements and computations [12].Also, chip formation and
possibly its breaking can be determined faster than using costly and time consuming
experiments. It is especially important that FEM analysis can help to investigate some thermo
dynamical effects occurring in the cutting zone which, as so far, cannot be measured directly
[13].A study was done to compare two variants of the FEM simulation model of orthogonal
cutting process of AlSI 1045 carbon steel with uncoated and multilayer-coated carbide tools
i.e. standard and Power Law—-Temperature Dependent (PL-TD) options by [12].

To check the applicability of various simulation models to obtain finite element solutions
of cutting forces, specific cutting energy and adequate temperatures for a range of coated tool
meaterials and defined cutting conditions commercia explicit finite element code Third wave
Advantage has been used in simulations of orthogonal cutting processes performed by means
of uncoated carbide and coated
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tools aso studied by [14] using Commercial explicit finite element code Third wave
Advantage. Two different approaches were proposed in [15], a former based on a pure
thermal simulation once the thermal flow on the tool is properly calculated. The latter, on the
contrary, is based on an artificial modification of the heat transfer coefficient at the interface
between the chip and the tool in the thermo-mechanical simulation.

2. Finite element model

2.1. Description of the smulated model

In recent years, the finite element method has particularly become the main tool for
simulating metal cutting processes. Finite element models are widely used for calculating the
stress, strain, and temperature distributions. In consequence, temperatures in the tool, chip and
work piece, and possibly its breaking can be determined faster than using costly and time
consuming experiments. It is especially important that FEM analysis can help to investigate
some thermo dynamical effects occurring in the cutting zone which, as so far, cannot be
measured directly.

In this paper the code DEFORM-3D V6.1 was used to perform a finite element analysis
simulating the turning process this finite element model used for the plane-strain orthogonal
metal cutting simulation is based on the Lagrangian techniques, thermo-mechanically coupled
modeling software with adaptive remeshing.The initial arrangement of both the workpiece
and the tool in the simulation model shown in Figure (1-a). In simulations with adaptive
remeshing the initial mesh becomes distorted after a certain length of cut as shown in Figure
(1- b) and is remeshed in this vicinity to form a regular mesh again. In simulations with
DEFORM-3D there is no separation criterion defined and then chip formation is assumed to
be due to plastic flow. Therefore, the chip is formed by continuously remeshing the
workpiece. The upper part of mesh, which constitutes of the removed workpiece material, is
finer, to enable the stress, strain, strain rate and temperature in the chip and the tool tip regime
to be accurately predicted. In the present work the mesh style of workpiece taken shown in
Figure (1-c) which consists of about 9680 three-nodded plane-strain triangular elements.
Dimensions of the element size can range from the minimum value of 0.065mm to maximum
one of 0.525 mm.

The entire cutting process is simulated, i.e. from the initial to the steady state
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phase. The workpiece material of choice, AISI 1045 carbon steel, is modeled as thermo
elastic-plastic and the friction between the tool and chip is of Coulomb type with the  value
of 0.5.The three-dimensional energy equation for the whole cutting domain including
workpiece, chip and tool is solved numerically and the model requires the heat generation as

an input.

(b)
Figure( 1).(a) Simulation model of the turning process used .

(b). Shape of the deformed chip after a tool path of 4.01mm .
(c) .Representation of mesh used.
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2.2. Heat generation model

As afirst approximation, it can be assumed that all of the mechanical energy associated
with cutting or chip formation is converted into thermal energy. The heat generation is
estimated based on the measured shear stress and shear strain rate relationg[16].

Assuming that the work of deformation is the energy converted into thermal energy, the

rate of heat generation per unit deformed volume isin primary zone expressed as.

°Q=T°y=0°e (@0}
where the stress ¢ and the strain rate €have to be estimated from the experimental data or

relations. T isthe shear stress, ¥ isthe shear strain rate,
While the heat generation rate per unit volume at any point in the secondary zone is[16].

(s = TsYs @)

2.3. Heat Transfer

The heat generated in the shear zones and at the rake face is dissipated in the chips and
workpiece by conduction and lost to the ambient by convection. The governing equation for
three-dimensional transient heat conduction is given as[17]

9T 0:T 9T

0:T
3
= 3yt O 3)

q 1
+ K dtz
which is subject to the following boundary conditions:

~ k3 =hc(T-To0) (4)

Where T,q and t are temperature, heat generation per unit volume and time respectively.
T., ambient temperature which taken equal to 20C, « ,a are the thermal conductivity and the
thermal diffusivity values for the workpiece, respectively, and h; convection film coefficients
for the different surfaces have been arrived at by using the standard correlations for free
convection and boiling for horizontal, vertical and inclined surfaces. Figure (2)shows the heat

generation and different convective conditions used on different surfaces of the model.
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2.4. Cutting conditions

The tool geometry and the cutting conditions used for the orthogonal metal cutting
simulation are presented in Table (1), based on the data used by[18].

Table (1) . Cutting conditions and tool geometry.

Tool rake angle = -5° Depth of cut = 0.5, 1, 1.5, 2, 3mm

Tool clearance angle = 5° Cutting speed = 103.2 m/min

Undeformed chip thickness = 0.16 mm Coulomb friction coefficient = 0.5

| IS e - 1 [ 1) 1 —— Free Convection

LU RS e Al room temperature
L3, 14, L5 L6, L7, L8, L¥2, 14 - - Bailing (Coolant)

I Frictional heat load
Al s csmr s vmwa e e e emeemeee Hgal peneration

L1l

L8

Al Tool-tip

Primary zong

L2

L1 Workpiece

Secondary zone

L13 116

Figure(2). Heat source and boundary conditions for the model [16].

3. Results and discussion

3.1 Verification of the constructed model

To validate the predicted results obtained from the present constructed finite element
model, it is necessary to compare these results with those of other authors.
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3.1.1 Case 1:Dscribes temperature distribution in the cutting zone

This validation case shows the temperature distribution in the cutting zone i.e the tool-
chip interface, were carried out for constant cutting parameters, i.e. cutting speed of 103.2
m/min, feed rate of 0.16 mm/rev and depth of cut of 2 mm. All cutting conditions, including
tool’s geometrical features, listed in Table (1)were chosen based on the data used in Ref.[18].

The temperature distribution in the workpiece and chip after a tool path of 4.0 mm, is
shown in Figure (3). The temperature distribution predicted by present work with a maximum
temperature of 702 °C at the tool-chip interface, is shown in Figure (3-a), while Figure (3-b)
shows the simulated results predicted by Reference]18] with a maximum temperature of 680
°C,(error 3.23%) which meansthere is good agreement between the two results.

Temperature (C)

(@)

Figure (3). Comparison between computed values of the interface temperature and

reference[18].
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3.1.2 case 2: Temperaturedistribution versus smulation Time

Figure(4) shows the relationship between maximum temperature in the tool-chip interface
with time predicted by present work compared with numerical results predicted by Ref.[14]
using same conditions given in ref.[14]. The comparison shows that there is good agreement

with maximum percentage error of 2.06% in the mean temperature after reaching steady state.
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Figure (4). Average interface temperature trace vs. smulation time.

3.2 Temperaturedistribution

The results obtained from the application of cutting conditions involved in this work
refers to the temperature distribution which depends on the depth of cut, cutting time and the

position of the nod from the chip. These results can be arranged in the following manner:

3.2.1 Temperature behavior versustime

From the comparison among Figure (5a, b and c) for a depth of cut 2mm, we can be
observed that more hest is transferred to the chip and workpiece and areas with the maximum
temperatures are localized near the tool-chip interface. In consequence, the maximum
interface temperature exists in the vicinity of the cutting edge. i.e. in the first part of the tool-
chip contact and then start cooling immediately when the tool across this region. So to study
this behavior, different nodes were taken in different position as show in Figure(6), where
these nods coordinates are A (-0.917,0.133 ,0.990), B (-0.959 ,1.310 ,0.990), C (-
0.970,2.450,1.030) and D(-0.962, 4.5,1.020).
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(@ (b) (©)

Figure(5). Temperature behavior with cutting tool progress(a) cutting time 39E-5sec.
(b) cutting time 12E-4sec .(c) cutting time 24E-4sec .

Figure ( 6). Node position on the work piece.

The temperature variation in these nodes with time during cutting process was illustrated
in Figure(7) .1t is clear that al nodes obey the same behavior although the maximum
temperature a each one not equal. The temperature at node D reach a maximum value 621.4 '
C compared with nodes A, B and C. This can be concluded to the heat transfer by conduction
through the workpiece at node D, which is accumulated from the other nodes. Figure (8)
shows that there are raising in temperatures in the region ahead the chip on the workpiece due

to conduction.

61



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

700
600 - node A
node B
500 | node C
@]
%d 400
=
300 -
(0]
2 —
& 200 |
}_

100 | ]\

0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035
time (sec)

Figure (7) . Temperature distribution with time for different location.

Also the difference in the value of temperature increase among the nodes A, B,C, and D is

not constant and reduce with time until reach an alternating range. This result agree with the

result shown in Figure (9).

T AT R Fol

(@) (b) (©)

Figure (8). Regions of rising tempertures before reach cut to them.
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3.3. Cutting temperature
3.2.2 Cutting temperature

The appropriate temperature histories obtained during simulations along with
corresponding values of the maximum workpiece temperatures are shown in Figure (9).
It was established based on temperature traces with tool travel that the time required to reach
the steady-state temperature was approximately 0.65ms. As can be seen from these records,
the value of mean temperature are reach to close values (reach steady state ) and this explains

why the temperature dose not continue to raise.
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Figure (9) . Relation between maximum temperature and time.

3.3 Temperature variation with depth of cut

Behaviour of temperature differs from the value and the distribution form for the same
location and time (same boundary conditions) in the cutting direction with the depth of cut,
the maximum temperature for depth of cut 0.5mm reachinga 622'C while its reaching 708C
for depth of cut 2mm. As the depth of cut increase the area with high temperature increases,
see Figure (10), and the rise of temperature not limited in cutting zone only, but contain the
vicinity regions for the cutting depth (at the top of workpiece) that’s belongs to heat
conducting which the temperature rise from 221°C to 249°C at depths 0.5mm and 2mm
respectively.
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Figure(10). Temperature behaviour with different depth of cut. (a) t1=0.5mm,
(b) t1=1mm, (c) t1=2mm  (c)t1=2mm.

Temperature hysterias obtained during simulations along with corresponding values of the
average workpiece temperature for different depth are shown in Figure (11). Based on
temperature traces with tool travel that the time required to reach the steady-state temperature
was depending on the depth of cut . For 0.5 mm reach to steady faster than other depth
approximately at time0.228ms while it was 0.564 and 0.65msec for 1mm and 2mm
respectively . As can be seen from these records, the value of mean temperature are reach to
close values (reach steady state ) in atime has an inverses relation with depth of cut. Figure
(12) shows temperature course for same nod has a position of (-0.96, 2.51,0.95) with time for
different depth of cut ,this figure insure the relation between temperature and depth of cut.
That temperature increasing with increase depth of cut , this belong to increase the cutting
force cutting (cutting work) to overcome the friction ,since with increasing depth of cut means

cutting more amount of the cutting metal and all thiswork convert to heat.
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Figure (11). Interface temperaturetrace vs. Figure (12) . Temperaturevs. time
cutting time for different depth. at different depth of cut for

the same position.

Temperature distribution in a direction perpendicular to the cutting direction at different
depth of cut and 4mm distance from the cutting edge was illustrated in Figure (13). The
region ahead the cutting edge which represented in Figure (13- &), it can be noticed that region
is small at depth t1=0.5mm and increase with increasing the depth of cut, this mean that the
region which expose to heat transfer by conduction increase with the depth of cut. The cooled
region areas reduce with increase the depth of cut see Figure (13-b). Also the results show that
the regions with high temperature in all depths appears at distance 0.1 to 0.25 mm from the
cutting edge .While regions of high temperature (340 to 450) disappear only for depth 0.5mm
after 1mm from the cutting edge. The fast reduction in temperature leads to increase the area
of low temperature region (101 to 182)' C for depth 0.5, and (103-186)°C for depth of cut

1mm as shown in Figure(13- f) and Figure (13- g) .
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Figure(13). M agnification of temperature distribution on the depth of workpiece after a tool
path of 4.0mm for t1=0.5mm ,t1=1mm ,t1=2mm and different positions a)4.3mm b)3.93mm

¢)3.75mm d)3mm €)2.5mm f)1.5mm g)0.57mm from starting cutting.
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4. Conclusions

The aim of this finite element modeling was creating a FEM simulation model in order to
obtain and research: numerical solutions of cutting forces, temperature in the contact region
and workpiece material and plastic strain during turning the steel.

The following conclusions may be drawn from the results of this work:

1. The results obtained from the present work verify that the cutting process could be
numerically estimated using the finite element method with a reasonable degree of
accuracy.

2. The maximum temperature exists in the vicinity of the cutting edge. i.e. in the
workpiece then start cooling immediately when the tool across this region.

3. The maximum temperature in the workpiece increases as the cutting time increase
until process reach the steady-state condition where the temperature alternating around
the mean temperature.

4. Behaviour of temperature differs in value and distribution for the same location and
time (same boundary conditions) in the cutting direction with the change in depth of
cut. The maximum temperature occurs at maximum depth of cut certainly this belong
to increase the cutting force (cutting work) to overcome the friction.

5. The temperature for all nodes obey the same behaviour through cutting  processes,
although the maximum temperature (when the tool reach to theses nods) at each one
not equal.

6. Temperature histories obtained during simulations along with corresponding values of
the maximum workpiece temperature for different depth. based on temperature traces
with tool travel that the time required to reach the steady-state temperature was
depending on the depth of cut, as well as the value of mean temperature are reach to
close values (reach steady state ) in atime has an inverses relation with depth of cut.

7. Temperature distribution inside workpiece (perpendicular on the cutting direction) at
different depth of cut represent by regions( which previous the cutting , region which
expose to heat transfer by conduction ) which limited at depth t;=0.5mm and increase
with increasing the depth of cut.

8. It can also be important for practice that the maximum interface temperatures
predicted can support the choice of depth of cut for defined machining parametersin
order to avoid excessive thermal loading on the workpiece.
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Abstract

In this work the temperature rise in AL7075 wire drawing is predicted numerically using
a 3D finite element model. The commercial code Deform-3D was used to construct the model
and simulate the wire drawing process. Aluminum wire of 46.38mm was drawn at room
temperature through a conical die with semi-die angle a=5 and percentage reduction in area
equal to 10%. This case was run for different values of friction coefficient (u=0.05, 0.075,
0.1, 0.125, 0.15, 0.175, 0.2). The result shows that as the coefficient of friction increases, the
temperature rises in linear form. The behavior of temperature rise distribution is studied in
details for pu=0.1, for this case the temperature rise in wire during the drawing process is
(22.3C°) lessthan in die (28.7C°), also the location of maximum temperature in the die occurs
at the contact area before wire exit from the die.
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1. Introduction

In the wire-drawing process, the cross-section is reduced by pulling it through a conical
die, as shown in Figure (1-a). The major variables affecting the drawing process are reduced
in cross-sectional area, die angle, friction along the die-work piece interfaces and drawing
speed. For a successful drawing operation, careful selection of process parameters should be
carried out. The drawing speed depends on the wire material as well as the required reduction
inarea[l].

There have been many investigators who studied the wire drawing process. Vega et
al.[2] investigated the effect of the process variables such as semi die angle and reduction in
area, and the coefficient of friction on the drawing force value. For the wire, elasto-
viscoplastic behavior is considered, while the die material is assumed to be elastic. Two types
of dies have been used in this work: crystal mono diamond core (MD) and crystal poly
diamond (PCD). They indicate that friction has significant effects on the drawing force which
decrease with the decrease of area reduction. The optimum die angle for wire drawing is
assumed to be obtained when the plastic strain distribution across the diameter of the wire
becomes uniform. H. Verstam [3] studied the influence of bearing geometry on the residual
stress-state in cold drawn wires. The material used was a high carbon steel for roller bearings,
100Cr6. He found that the geometry of the bearing has a large influence of the residual stress-
state. Hoon Cho[4] considered the reduction ratio with the size of an inclusion, application of
back tension and distance between inclusions in order to investigate the effect of back tension
on wire breaks. The size of an inclusion varies 5, 7 and 10 mm, the reduction ratio varies 10,
13 and 16%, the distance between inclusions is set to be 0.25 and 0.5 mm, respectively.
Conical dies with a half angle a of 78, which is the value generally used in commercial
production. As the FEM code, the commercially available software DEFORM-2D is used.
Copper is used for fine wire drawing process that initial diameter is 1 mm and final diameter
is up to 50 mm. They found that the damage value rises because the tensile stress in
deformation zone increases by applied back tension. The distance between inclusions would
not affect wire breaks because the distance is expanded excessively through multistage

wiredrawing.
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Lucca and Wright [5] discussed the assumptions which might be taken into consideration
in predicting the temperature rise resulting from frictional heating in wire-drawing.

The magnitude and the distribution of temperature in the wire-drawing process depends
on the initial temperature of the material and die, heat generation due to plastic deformation
and friction at the die-material interface and heat transfer between the deforming material, the
die and the surrounding environment, such as lubricant and air. The frictional heating
however, is concentrated near the wire die interface at the die exit and results in the
development of a severe temperature gradient. McAllen[6] and Vega [7] studied the influence
of forming conditions and show that , the smaller the die angle, the longer is the contact
length, and the size and depth of the deformation zone increase with increasing contact length
. Die wear, which occurs at the approach and bearing surfaces due to frictional and heating
effects, can rapidly diminish tool life as the work piece is frequently formed at an elevated
temperature, superior lubrication isrequired at the die-wire interface [8].

In this work the commercially available finite element method code software DEFORM-
3D is used to obtain the stresses, strains, strain rates and temperature distribution in wire
during the drawing process. The material selected to carry out this analyses was an aluminum
alloy AIl7075, the properties of wire materials at room temperature is given in Table (1). The

main object of the present study is to simulate the temperature distribution in wire and die
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Figure(l). Parametersin the Wire-Drawing, [1].

during the drawing process.
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2.Theory of wiredrawing

Assuming that plastic deformation work is completely converted into heat and that no
heat loss occurs, the temperature rise in the wire is given by[1]:

— Weor
AT = - (1

The temperature rise given by Eg. (1) is for an ideal situation, where there is no heat loss.
In the actual wire-drawing process, heat is lost to the environment, tools and dies, as well as

to lubricants and coolants. The total energy per unit volume W, can be calculated as[1]:

; n K£§n+1)f(,u,a,r)
WL'OL' = fog 4 (:f_l)f(ua a, r)dgl = f(n-l-—l)z (2)
n A\ UcCota 2 q_r
Flar) = {(1+22) [1- (2)" ]+ 22 ) ®
The drawing stress,(a,;) is given by:

o, =Yf(u,a,r) (4

The temperature rise at the exit section of the die can be calculated:
_ K 1 n+1
AT = [pc(n+1)2] [{In (E)} ] f(u’ o) ®)
Where:
Ap—A

ey =) 1= =t

3. Finite element modeling of wire drawing

The code DEFORM-3D V6.1 is used to perform finite element analysis of wire drawing
process in this research. This software is specifically designed to analyze bulk plastic
deformation, and is especially suited for the present analysis. It takes advantage of the fact
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that plastic deformation is usually highly localized. It assigns rigid elements to the regions of
the part that are not deforming, thereby reducing the number of the calculations performed at
each step of the simulation. It also updates nodal coordinates using a higher order scheme.
This special algorithm accurately takes into account the rotation of the object when
calculating new location of the draw part [9]. A 3D finite element drawing model has been
constructed to simulate a single pass of wire drawing through a conical die. Due to symmetry
only one quarter of the die and wire is simulated, see Figure (2). Aluminum wire of
46.38mm diameter was used as the simulated material in thiswork. The mechanical properties
of wire material at room temperature are given in Table (1) and the valued parameters are
givenin Table (2).

Table(1). Mechanical propertiesof Al 7075, [1].

Material K (MPa) n Density p Specific heat ¢
( Kg/m?®) (J/Kg.K)
Al 7075 400 0.17 2700 900

Table(2). Drawing parameters.

Wire

Material Al 7075
Origenal diameter 46.38mm
Final diameter 44mm
Length 160 mm
Reduction in area% 10%

Die
Material Rigid
Sime - die Angle 5°
Exit Angle 3
Outer Diameter 80
Inner diameter 44mm
Coefficient of friction between die and wire (1)=0.1
Drawing speed=111.7mm/s
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Figure(2). (a) Wire before drawing . (b) Meshed wire.
(c) Arrangement wire and die. (d) Meshed die.

4. Results and discussion

To validate the predicted results obtained from the constructed finite element model, it is
necessary to compare these results with analytical or experimental data of other authors. The
analytical dataof El-Domiaty and Kassab,[1] was chosen to achieve this comparison.

The relationship between the temperature rise and coefficient of friction is shown in
Figure (3). It is clear that the temperature rises with increase in friction coefficient. This can
be concluded to the excess in the frictional work. Also it can be seen from this figure there is
a good agreement between the analytical result of [1] and the finite element result of the
present work with a maximum percentage error of 5.55%.
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Figure (3). Comparison results of temperaturerise asa function of

coefficient of friction .

4.1 Digtribution of effective stress, strain and strain rate

During cold wire drawing, there will always be a stress of different signs and magnitude.
The effective stress, created by material flow, is one of the important types. The effective
stress distribution on cross and longitudinal sections in the wire must be in equilibrium. The
stress analyses can be conducted to determine stress variation in the material during the wire
drawing process. These analyses are very important in the wire drawing process optimization
considering low possible contact force. Figure(4) shows the stress distribution in the wire
when it passes through the die. The maximum stress value is found near the surface layer of
the die-bearing section and maximum stress value is 256 MPa.

A complete distribution of strain along the wire axis when its passes through the die can
be observed in Figure (5).Distributions of the strain shows that the maximum value of strain
occurs at the exit from the die with a value of 0.235.

Figure (6 ) shows the distribution of strain rate along the wire axis when its passes through the
die. The maximum value of the strain rate in the deformed wire during a temperature change
from 25 °C to 53.7 °C was found to be 1.67 s™.
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Figure(4). The contour plot of the effective stress during the drawing process.
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4.2 Temperature evolution during cold wire drawing process

Figure (7) shows the distribution of the temperature on the aluminum Al 7075 wire
knowing that the temperature of die and wire at the beginning of process is 25°C then the
temperature rises during the process and reaches its maximum value 53.7°C in the contact
area between the die and wire.

The maximum temperature rise in the wire is a the surface equal to 47.3°C, the hesat
transfer toward the center of the wire by conduction causes an increase in temperature at this
region until it reaches to almost 35°C as shown in Figure (8). Figure (8-b) presents the
temperature distribution at the center line of the wire that has been divided into three regions
as shown in Figure (8-a). This figure shows that the temperature rise from room temperature
at point (P1) (region after deformation) until it reaches to the maximum value almost 35° C at
region (I1)(during deformation) then temperature reduces until it reaches to the room
temperature again at point (P12) which represents the region before deformation .

Figure (9) shows the temperature distribution from the center of the wire towards the
wire surface. The temperature at the centre of the wire be almost (35°C) increases as we get
closer to the surface of the wire where the highest temperature is 47.3°C

The die temperature distribution, see in Figure (10), refers to the maximum temperature
which occurs in contact region between wire and die which reach 53.7 °C . The location of
this value at the contact area before the wire exits from the die . This attributed to the
increase in the redundant work in this region.

In order to study the temperature change with time on the wire surface, one node on the
wire surface is chosen and the temperature change in this node was predicted, see Figure (11).
It was noticed that as soon as the wire enters the die the temperature would be raised until it
reaches its maximum value at a point close to exit zone then decreases when this point gets far
from the exit zone . This behaviour was plotted in time-temperature graph as shown in

Figure(12).
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Figure(7). Temperature evolution during cold wire drawing process.
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Node

Figure(11). Nodal temperature change with changein itslocation relative to die during
the wire drawing process.
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5. Conclusions

The following conclusions may be achieved from the results presented in this paper:

1. The results obtained from the present work verify that the process of wire cold
drawing could be theoretically estimated using the finite element method with a
reasonable degree of accuracy.

2. Temperature rise during the cold drawing process for known conditions could be
estimated.

3. Thetemperature rise in wire during the drawing process is less than in die.

4. The location of maximum temperature in the die occurs at the contact area before wire
exits from the die.
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7. Nomenclature

English Symbols
A, initial cross-sectional area of the wire material
Af final cross-sectional area of the wire
c specific heat of the wire material
K strength coefficient of the material
n strain-hardening exponent
r fractional reduction ratio
Y the average flow stress
AT temperature rise at the die exit
W.o:  energy required for drawing per unit volume of the wire
Greek Symbols
a Half die angle in radians
u Coefficient of friction
04 the drawing stress
&y  Final axial strain
& Axial strain
p density of the material

86

May 2011

N/n?

°C
wWim®

Units

degree

N/n?

Kg/m®



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

Partial Transmission Sequence of Multi-Carrier M odulation
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Abstract

Partial Transmission Sequence (PTS) method proposed is one of the methods to reduce
the Peak to Average Power Ratio (PAPR) of Orthogonal Fregquency Divison Multiplexing
(OFDM) system. In which each symbol of OFDM in the frequency domain is divided into sub
blocks and each one, multiplied by a phase factor to rearrange the origin symbol to a version
with the lowest PAPR. This method is based on changing the phase of each sub blocks to
reduce the probability of occurrence high PAPR. The nonlinear behavior of the phase affect's
the accuracy of reduction which makes it different as compared with this method.

In this paper, a proposed method is suggested to reduce the complexity of such method .

K eywords :Partial Transmission Sequence, multi-carrier Modulation, Orthogonal Frequency
Division Multiplexing (OFDM) system.
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1. Introduction

Orthogonal frequency division multiplexing (OFDM) has been receiving considerable
attention for high-speed wireless communication system. One of the major drawbacks of
OFDM is, however, the high peak-to-average power ratio (PAPR) of the transmission signal
[1]. OFDM with high PAPR requires high linear amplifiers. Otherwise, performance
degradations occur and the out-of-band power will be enhanced [ 1,2].

Several methods have been proposed to reduce the problem of PAPR. These methods
deal with different approach's in interpretation of spurious high peaks. Partial transmission
sequence (PTS) can be classified as one of the these methods. Let us

consider an OFDM system with N subcarriers. Each OFDM symbol y(n), consists of N
complex baseband data x,,X,,..., X,_, carried on the N subcarriers respectively. Then the
OFDM signal may be represented by:- [ 3].
y(n)=iNg"§:i:Xk exp(2jp %kg (1)
where X, is the complex baseband data, kisindex for subcarrier and n isindex for the

discrete time OFDM symbol.

The complementary cumulative distribution function (CCDF) of the PAPR denotes the
probability that the PAPR of a data block exceeds a given threshold [4,5]. The CCDF of the
PAPR of adata block is derived as:

P(PAPR>1)=1- F(l) (2)

Where | is threshold value, F(l) is the cumulative distribution function (CDF).The
mathematical form of the cumulative distribution of the PAPR is:

F( )= (- exp( )" ©)

2. Partial transmission sequence method

The partial transmission sequence type is shown asin Figure (1).
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Figure( 1). Partial transmission sequence method.

then each sub-block of subcarriers is multiplied by a constant phase factor exp(jf (), and

these phase factors are optimized to minimize the PAPR [ 4,6 ].

y= 2 IDFT{X “}exp(jf ) (4)

d=1

The phase may be calculate by the following equation [7]:-

a1 [exoljt @]....expi

{f (d)}D = agmin ol gaemax

é?l IDFT{X @ sexp(jf (d)))(g (5)
d=1 (%]

However, the calculated phases may reduce the peak to average power ratio
as aresult of increasing the average power.

3.Proposed method

The idea of this paper may be concluded by suggesting a method to calculate the phase of
the partial transmission sequence this method. This method depends on the adaptation of the
phase to a value which reduce the peak to average power ratio. Firstly the phases are assumed
to have constant values and according to the peak to average power ratio, the phase values are
changed. The deference between the peak to average power ratio in i™and (i+1)™ iteration
represents the error signal, then the phase values are taken to reduce this error signal.
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4. Results

Computer simulation tests have been taken to show the performance of the traditional and
the suggested method in these test, the number of subcarrier(N) are assumed to have a values
of 16 and 32. Figure(2) shows the performance of the suggested system for N=16, while
Figure (3) shows the performance for N=32. The value of the peak to average power ratio of
the traditional and the suggested methods are shown in Table (1) and Table (2). Table (1)
shows the PAPR for N=16 while Table (2) shows the PAPR for N=32.

—8—Fropoand Method
b Tramlianal GEOM

W

1"

W E

Pr{PAPR)
2

n ]
10kog PAPR, dB

Figure (2). Performance of traditional and suggested systemsfor N=16.

L e Propoasd Methed |
<= Truditicresl OFDM

PRI AN 7Y N AT 1Y MO 11 R V1 AR

A
10 log PAPR. dB

Figure (3). Performance of traditional and suggested systems for N=32.
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Table ( 1). Peak to average power ratio for the traditional and suggested system N=16.

Traditional | 11.0412 | 10.4999 | 9.463 | 7.8224 | 3.4484

3.9959 | 3.6771 | 2.9224 | 1.185

Table( 2). Peak to average power ratio for the traditional and suggested system N=32.

Traditional | 12.2736 | 11.9142 | 8.0309 | 6.9588 | 6.7263
Simulated | 5.4223 | 5.1278 | 3.8416 | 3.6376 | 3.4401

5. Conclusions

In this paper, a method for calculating the phase of partial transmission sequence of the
multicarrier modulation system is suggested. The performance of the suggested method shows
the ability of the system to reduce the PAPR as shown in Tables (1) and (2) with acceptable
performance as shown in Figures (1) and (2). The phase of the partial transmission sequence
is calculated according to the error signal for two iterations of the peak to average power ratio
of the output signal.
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Abstract

The power chimney tower is one of modern promised energy which may be developed by
low losses, simple and has high facilities.

In this paper, many parameters were studied for prediction of system operation. Velocity
distribution is the important parameter which gives the first prediction to put the position of
erection of power turbine, made or not. The numerical analysis was presented by using
GAMBIT and FLUENT 6.3 to predict that high velocity at the expansion of chimney near the
solar collector place. This position is very suitable for promoting and building the power
turbine since the velocity range was between (33 - 54 nvs) for different solar flux 200W/m?,
400W/m?, 600W/m? and 800W/m?. So, the other factors, temperature and pressure were
studied to coincide with previous papers in this field.

oaldiunl)
Agilaiat s L 2lie 418 5 Lgal squd Aalall il 5 8 A0l (ullY) sl (e 53a) 50l Aikas o

Vsl o g e ) a5 s el sall 02 aal s A shaiall Jae e Tl L dal se 5ae Al 0 cadi Gl I &
ill i 5lal) gl el oty (gane Jilad i o 0 (A ol 108 gy 3ol (i i Gl adsan
Ll dadle JSY) g OIS I3 o) s oasalill panall ellag B2l S e 8 A3aal) a5 i de o el S
aray (el plad) Tl die (W2 54 5 33) (o sl 58 e () a8 ¢ 5l & g 58 dae a5 8508l (ol 58
8 padl s o Jie deshaiall 3.1 e 5 jiall (5, el sall Al 0 caas S| 24/Ll 5 (800,600 ,400 ,200)
& s sall bl 8 Al J8 G Ll sl 5 5 Lal 48 5ia Lgd) (it s Jnivaall (3585

93



Thi-Qar University Journal for Engineering Sciences, Vol. 2, No. 2 May 2011

1- Introduction

Solar energy is an abundant renewable and clean source free of green house gases
emissions. Solar power plant is very important use of this energy. Solar chimney technology
is a promising large scale of power generation. This technology was first described by Giinter
in 1931 and tested with the 50 kw Manzanares prototype plant since 1980. There are three
components for the combination of this prototype: solar collector, turbine connected with
electrical generator.

The installation of solar chimney power plant at Nassiriya city (31.036°N, 46.21°E) is
suitable to get high energy generated as a result to high rate of solar flux incident as high as
flux in the world regions [1].

The incident solar flux on the inclined circular frame of glass layers passes through to
black ground at the floor. The air near the ground absorbs the heat to decrease its density. The
hot air particles move up to hit the glass ceiling continuously and go to chimney vent. This
series heating generates continuous movement of air, then, generates electrical energy by
installing turbine connected to electrical generator. The height of chimney causes high
pressure difference between the upper and lower points. This pushes increasingly the
movement of air particles between the lower points of chimney to up.

Main features of a solar chimney power plant area circular green house type collector and
atall chimney and its centre. Air flowing radial inwards under the collector roof heats up and
enters the chimney after passing through aturbo generator [2].

Backstrom and Fluri [2] developed two analyses for finding the optimal ratio of turbine
pressure drop to available pressure drop in a solar chimney power plant to be 2/3 for
maximum fluid power and using the power law model for this prediction. Haaf et al. [3] ,
Haaf [4] and Schlaich [5] described the operation and presented results for a prototype solar
chimney power plant built in Manzanares, Spain in 1982.

Pretorius and Kroger [6] evaluated the influence of a recently developed convective heat
transfer equation, more accurate turbine inlet loss coefficient, quality collector roof glass and
various types of soil on the performance of a large scale solar chimney power plant. This
simulation of study concluded that the new heat transfer equation reduce the annual plant
power output by 11.7%, but , the more realistic turbine inlet loss coefficient only accounts for
a 0.66°rise in annual power production , while utilizing better quality glass increases the
annual plant power output by 3.4%.
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Tingzhen et. al. [7] carried out numerical simulations on the solar chimney power plant
system which divided into three regions. the collector, the chimney and the turbine, and the
mathematical models of heat transfer and flow had been setup for these regions. Ming et. al.
[8] performed to analyze the characteristics of heat transfer and air flow in the solar chimney
power plant system with an energy storage layer. They used different mathematical models
for the collector, chimney and the energy storage and the effect of solar radiation on the heat
storage characteristic of the energy storage layer. Nizetic et. a. [9] analyzed the feasibility of
solar chimney power plants for small settlements and islands of countries in the
Mediterranean region; they used 550 m height of chimney with collector roof diameter of
1250 m to produce 2.8 — 6.2 MW of power.

Ninic and Nizetic [10] developed and use of the availability of warm, humid air via the
formation of up draft “gravitational vortex column” situated over turbine with numerical
solution for solar chimney power plant. Petela [11] used a simplified model of solar chimney
power plant which consists of a heating air collector, turbine and chimney to interpretate a
thermodynamic based on the derived energy and energy balances. Zhou et. a. [12] analyzed
the suitable chimney height of solar chimney power plant using a thermodynamic model
validated with the measurements of the only one prototype in Manzanares.

2- Numerical model

2-1 Physical model
In this study, some practical prototype from literature depended on as shown in Figure 1
is selected as a physical model for simulation. The chimney height is 100 m and radius 2.5 m,
the collector of 120 m radius and 2m height Figurel.

_>| |l5m

|

100 m

2m|

|
< 120m ———>»]

Figure (1). Physical prototype.
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2-2 Mathematical model

There are many prototypes in the world have large different heights up to 500 m , with
different radii of chimney but with low heights for collector (up to 3m) with wide radii. The
model of 100m height of chimney and 2.5 m its radius and the collector of 60m radius and 2
m height are used. The storage layer of energy such as soil or graved coated by asphalt is the
solid matrix of this collector.

The buoyancy induced as natural convection is measured by Rayleigh number (Ra):
Ra= gB(Th-Te)L¥av
Where Ty, T¢ is the maximum and minimum temperature of the system respectively. The Ra
in this system analysis shows that Ra> 10"10, therefore the flow is turbulent. The continuity,
Navier — Stokes, energy equations and k-¢ equation are shown below[9]:
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The heat transfer in the energy storage layer may be very complicated [8]. The Brinkman
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— Forchheimer Extended Darcy model may be used in this paper for storage material as
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The heat balance of the storage layer is Shown in Figure(2) with the related equations:

Q1+Q2+Q3+(tQ4 =0 (11)
Where.........
Q1=A1hy(T1 - T2) (12
Q=Az6 (T.*- T2 (13)
Qs = -A1 AndT/dx (14)
The hesat balance of the collector glass:
Qs+ Qs— Q2 +Q7 +aQs =0 (15)
Where :
Qs= Ahy(Ty-Ta) (16)
Qs = A2hs (Ty-Ta) (17)
Q=A26(Ty' —Ts) (18)
_<—Q—7 Chimney
Collector
Qs /QG
< \QS / /‘ % o / ) Air
+ o ' T Storage layer

Figure (2).Heat balance of the storage layer and the collector glass.

2-3 Boundary conditions
1. For chimney

aT _ _ _
a—X—O,u—O,v—O (19)
For outside and inside the storage layer
a
%:O,udzo,vdzo (20)
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For outlet conditions:
At x==x oo, T =Ty, P= Pamoghere

2. Symmetrical axisat chimney centre axis, i.€e:

Ux=+x) = U(x=-x) » V(x=4x) = V(x=—x),P(x=+x) — P(x=-x)

<ICTR L7  CTR

m“ ﬂy ﬂX ax:+ X) ﬂy ﬂX ax:- X)

3- Numerical analysis

May 2011

(21)

(22)

(23)

The turbulent flow of air inside the system would be analyzed by standard k- model, and

the energy storage layer can be described by using Brinkman- Forcheimer Extended Darcy
model. The SIMPLE algorithm with QUICK Scheme method used to solve the pressure —

velocity coupling and momentum and energy equations respectively. These methods were

explained by many references such as Ref.[13]. So, the Gambit and Fluent Codes are used to

describe the results of this paper Figure3 the study case of chimney system as designed by

GAMBIT).

e———— OQutlet vent

A

Solar Collector

-—

17,4 <+— Storage Layer

Chimney

Grid

F
FLUENT B.3 [3d, pbns, shw)

Figure(3) . Thedomain grid asdesigned by GAMBIT code on Feb. 8, 2011 .
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4- Results and discussion

The heat energy transferred from the solar rays by beam or diffused arrays to glass cover
of collector. Then, they transferred to the storage layer depending on high permeability and
transmittance, with low reflectance and absorbance of glass cover. In addition to high
absorbance low high reflection of storage layer with ability of high convective heat transfer
rate.

Many materials and mixtures arranged for storage layers depend on the enhancement of
heat transferred from this layer to air inside the collector of solar chimney. Low storage ratio
for a lot of materials lies at 600 W/m? of solar radiation as mentioned by many researchers
[13].

In this paper, four cases of solar radiation fluxes are studied for Al- Nassiriya city case
study which lies at 31.036 N, 46.21 E. The cases are 200, 400, 600, 800 W/m? of solar flux.

There are many reasons for the selection of turbine erection position inside the chimney
requires further discussion. The first factor is the difference in static pressure gradient as
shown in Figure ( 4 and 5).

At a 200 W/m? solar flux absorbed by storage layer and transferred as heat to neighbor air
inside collector by convective heat transfer shape. The figure arranged by Cartesian
coordinates X-Y-Z as shown. High differences in static pressure values(- 1.27x10" to
3.8x10™") are measured between the upper point of chimney as low pressure value to high
value at the base outer circumference of collector. This high difference is created because of
high height of chimney and the heat absorbed by air which accelerates the air velocity cause
high relative pressure. It is observed that there are high difference between the gradient of
chimney and collector. Therefore, this is one of reasons for turbine installation at this base.
Furthermore, from the other shapes of Figure(4 B, C, D), it is seen that the relative static
pressure changed significantly with increasing the solar radiation (from 400 W/m? to 800
W/m?) . That is because of increasing the air density inside the collector in comparison with
environment of station at the same altitude. This heat transferred with natural convection to
increase the pressure gradient which reach the levels between (-1.3 x 10° Pato 3.95 x 10™Pa),
(-1.83 x 10**Pato 5.72Pa) and (-1.67 x 10" Pato 6.68 x 10%®) for 400, 600 and 800 W/m’ of
solar radiation intensity.
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Figure(4). Pressure gradient at A. 200W/m? B. 400W/m?, C. 600W/m? and D. 800W/m?
of solar flux.
Figure(5) shows the static pressure distributions which is calculated from the central section
of whole domain as circumferential mean values which be sure the validity of this study and
prove the mentioned pressure values. The maximum values of pressure are for 800W/m? solar
flux, but the minimal values are for 200W/m’. So, the other values of solar flux lie between
the previous lines. The pressure gradient is approached to atmosphere at the inlet vent of the
system but it is increased while reach the top of chimney since high difference in relative
pressure due to the heat and height of chimney which work as vacuum pressure to increase the

air velocity.
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Figure(5). Static pressure of domain calculated for central section plane.

Figure(6) shows the temperature distribution inside the system of solar chimney. Figure
(5A) isan indication of heat absorbed or transferred to different trends of parts chose at 200
W/m? of solar radiation intensity. This shape of temperature range (534 K to 299 K) which is
at ambient temperature of 308 K.

FLUENT Code demonstrates wide ranges of measurements near the effective domain. The
dominated temperature of air inside the chimney is 319K as observed by limited range
contour which shown in Figure(6B). The Figure6C denotes to the high temperature recorded
at the end edge of circular collector at the base which is corresponded to solar storage layer. It
is notably high hot place than collector space because the heat coefficient at the end has low
value as a result to low velocity of convicted air. This air speed increases in the direction of

chimney centre.

The other shapes of Figure(6 D, E and F )denote to temperature difference at solar flux of
400, 600 and 800W/m? respectively. It is normally, there are gradually higher temperature
ranges than 200W/m? of solar flux mode. This heat forces the velocity magnitude in the

direction of chimney centre as aresult to natural convection.
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Figure(6). Static temperature at 200W/m? solar flux for A. the system, B. chimney and
C. collector section.
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Figure (6). Static temperature at D. 400W/m?>.
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Figure( 6). Statictemperature at E.600W/m?, and 800W/m? solar flux.

Figure(7) shows the circumferential average static temperature values for 200W/m’ solar
flux radiation and the upper value of it (800W/m?). This indicated dramatically the previous
conclusion that the high flux has high temperature values reverse to lower flux which has low
temperature gradient. So, there are some points take different slop from the other points of the
curve as a result to turbulent flow of flowing air in this section and all other sections. The
maximum values of temperature trend from the free edges in the direction of chimney centre
since the continuous solar heating from the outer edge to inner collector parts. This is in
agreement with literature.

The velocity vectors of the system are shown in Figure(8) which indicates that high
velocity magnitude at concentration of solar radiation flux 200W/m? reaches 33ms at the
position of turbine at the lower part of chimney with no load state as shown in A. So, there is
a low velocity gradient at the outer end of collector of the base part of system. The velocity
notably increases when directed to the chimney centre due to the heat flux increase, narrow
area of collector disc and low pressure gradient. The velocity range increases directly with
increasing the heat flux of solar array as noted in Figure 8B, C and D. for solar flux 400, 600
and 800W/m? respectively.

The velocity ranges reach 39, 42, and 54nvs respectively. These ranges are suitable for
using big turbines at lower position of chimney or using multi-stage turbine to have high gain

energy.
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Figure (7). Circumferential average values of static temperaturefor lower and upper flux.
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Figure (8). Velocity distribution at A. 200W/m?, B. 400W/m?, C. 600W/m? and D.

800W/m? of solar flux.
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b

A B
Figure(9). A-Velocity contoursand B-Velocity vectors at the turbine position.

The velocity stream line of system is shown in Figure(9 A) which denotes high velocity
range at the bottom chimney part in the direction of centre. Also, Figure(9 B ) presents the
velocity vectors coloured by velocity magnitude which indicates the velocity gradient at the
space of system.

The velocity magnitude distribution on the system domain with its position in the centre
section for whole system is presented by Figure(10). It is denoted that high velocity values lie
at the chimney but low values at the end edges of collector since the reasons mentioned in this

paper before.
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Figure (10). Velocity magnitude points with position of section centre.
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The upper yellow curve of Figure(11l) denotes the velocity magnitudes in the axial
coordinate calculated as average values of the central section of domain. It is observed that
higher velocity values trend from the outer edge to the central part of domain (chimney) as
mentioned before. The other curves give the same conclusion, but there are some values for
collector edge put as higher than the inner because of turbulent flow with axial values at this
section which may be made lower at neighbor section.
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Figure(11). Circumferential average of velocity magnitude for different solar flux.

5- Conclusions

It is noted from the numerical solution and the analysis of chimney tower system for the
predicted case study for Nassiriya city, there are some conclusions presented about the
circumferential parameters such as:

1. The velocity of air is high at the base section of chimney but it is very low at the outer
edge of collector canopy and then converged in developing to the chimney centre.

2. The temperature of storage wall of solar heat flux is highest as a result to hest
absorption but it is low in the chimney due to air movement with heat transferred inside
the system.

3. The pressure gradient is approached to atmosphere at the inlet vent of the system but it
is increased while reach the top of chimney since high difference in relative pressure due
to the heat and height of chimney which work as vacuum pressure to increase the air
velocity.

4. Due to the high velocity recorded at the expansion of chimney, the turbine power is
preferred to built-in.
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7- Nomenclature

Symbol  Definition
A Thermal diffusivity ( m?/s).
Aq The area of storage layer surface( nv).
Az Glass area ( m?
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G
Ha

h,

hs
L

Q1
Q2
Qs
Qs
Qs

Qe
Qs
Ra
T1
T
T3
Ty

Gravitational body force (m/s%)

The heat transfer coefficient between the storage layer and the air inside the
collector( W/mPK).

Convection heat transfer coefficient between the surface of glass and air
(WImPK).

The convective heat transfer coefficient ( W/m?K)

Collector height ( m) .

The heat transfer between the storage layer and the air (W).

The radiation heat transfer between the storage and the collector glass (W).
The conduction heat transfer from the storage inside the porous media (W).
The solar heat flux transferred to the collector (W).

The convective heat transfer between the glass surface and the air inside the
collector (W).

The conduction heat transfer between the collector surface and the ambient (W).
The radiation heat transfer between the collector surface and the sky (W).
Rayleigh number

The storage layer temperature(K).

The air temperature inside the collector (K)

Glass collector temperature (K).

The ambient temperature (K)

Air temperature inside the collector(K)

Glass temperature (K).

Sky temperature (K).

Coefficient of Thermal expansion (1/K)

The heat conduction coefficient ( W/mK)

Dynamic viscosity (kg/m.s)

Kinematic viscosity (m?/s)

Density (kg/m®)

The transmissivity of the collector glassto the solar radiation.
Stefan-Boltzman constant( W/m’K?)
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