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ABSTRACT

The effect of considering the third dimension in mass concrete members on its cracking
behavior is investigated in this study. The investigation includes thermal and structural analyses of
mass concrete structures. From thermal analysis, the actual temperature distribution throughout the
mass concrete body was obtained due to the generation of heat as a result of cement hydration in
addition to the ambient circumstances. This was performed via solving the differential equations of
heat conduction and convection using the finite element method.

The finite element method was also implemented in the structural analysis adopting the
concept of initial strain problem. Drying shrinkage volume changes were calculated using the
procedure suggested by ACI Committee 209 and inverted to equivalent temperature differences to
be added algebraically to the temperature differences obtained from thermal analysis.

Willam-Warnke model with five strength parameters is used in modeling of concrete
material in which cracking and crushing behavior of concrete can be included. The ANSYS
program was employed in a modified manner to perform the above analyses.

A thick concrete slab of 1.5m in thickness and 10m in length was analyzed for different
widths 2, 4, 8, and 10m to produce different aspect ratios (B/L) of 0.2, 0.4, 0.8, and 1.0
respectively. The results of the analyses show an increase in cracking tendency of mass concrete
member as the aspect ratio of the same member is increased due to the effect of transverse base
restraint. Accordingly, such effect cannot be ignored in the analysis of base restrained mass
concrete structures subjected to temperature and drying shrinkage volume changes.
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INTRODUTION

Mass concrete is an expression usually used for any concrete structure with dimensions
large enough to cause structural problems during and after the construction period. These problems
are mainly the occurrence of cracking due to temperature variations and shrinkage volume changes.
Like any solid material, concrete is affected by increase and decrease of temperature. The effect
appears as a thermal strain that occurs within the concrete structure when it is prevented or
restricted from motion, i.e., restrained. The second category of volume change is the drying
shrinkage, which is related to the drying and shrinking of the cement gel.

ACI 207 Committee (ACI Committee 1995) suggested the following equations to be used to
calculate the degree of restraint for rigid continuous base restraint.

Kg =[(L/H =2)/(L/H +1)]"" for L/H > 2.5

Kg =[(L/H =1)/(L/H +10)]"" for L/H < 2.5 (€N

where

L/H = length to height ratio, and

h = the height at which the degree of restraint is calculated.

As can be noticed, ACI 207 Committee neglects the effect of the restraint in the transverse
direction and hence, eq. (1) can be applied to the concrete walls only. Therefore, it is the objective
of the present study to investigate the effect of transverse base restraint, i.e., effects of 3" dimension
on the behavior of massive concrete and therefore cracking tendency and cracking prevention in
such structures.

THERMAL ANALYSIS
Based on Fourier’s Law for heat transfer, the heat conduction equation can be expressed as
follows (Holman, 1981):

o°T o°T 0T oT
Ky 8X2+ky ayz+kZ pur +q:pcpg (2)
where,

kx, ky and k; = heat conductivity of the material in X, y and z-direction respectively,

T = the difference between absolute and reference temperatures,

q = heat generation per unit volume,

Cp = specific heat, and

p = density.

On the other hand, heat may transfer by convection according to the following Newton
formula (Holman, 1981):
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= Jh, (T =T, A ®

where,
h,, = convection heat transfer coefficient (film coefficient).

T, = bulk fluid temperature.

T = temperature.

Both of the above equations may be descritized using Raylieh-Ritz variation process to
derive an expression employing the finite difference method to overcome the time-rate nature of the
problem, that is,

K¢ Jlasy ="} (4)

where,

[k:]-1k.J+ )

* C
{F }: {AF(t) }+ % {A5(t—At)}
EqQ. (4) is used in the finite element method to predict the temperature distribution within the mass
concrete body invoking the described initial and boundary temperatures as follows:
1. Initial temperature = concrete placement temperature = 20 °C.
2. Bulk ambient temperature T., which is specified for Baghdad climate according to Kammouna,
2001, from:

To = 29.815 - 15.291*cos(0.893t)
(5)
where, tis time in days.

SHRINKAGE STRAIN CALCULATION

Following the procedure recommended by (ACI Committee 209, 1992) and taking the
ambient circumstances and concrete mixing and placing conditions, the drying shrinkage strains
may be calculated as a function of time after curing period for concrete which is assumed to be
seven days.

Quoting the concept of evaporable moisture content that was adopted by Carlson, 1937, the
distribution of drying shrinkage strains may be assessed within the body of mass concrete member.
Table (1) shows such distribution in which the values of drying shrinkage strains seem very low.
Such observation may be related to the non-convenience of eg. (6) that was suggested by ACI 209
Committee (ACI Committee, 1992) and used to estimate shrinkage strain-time relation.

(5 sh )t (gsh )u (6)

T 354t

where,

(&n)t = shrinkage strain at any time t (in days), and

(&n)u = ultimate shrinkage strain = 780*10°°.
As can be seen from eq. (6) 50% only of the ultimate shrinkage strain occurs at 35 days after
curing. However, one can conclude from the trend of the drying shrinkage strains as they are
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decreased with the increase in the width of the slab as the major cause of cracking in large mass
concrete members is the temperature variation rather than shrinkage volume changes.

ADOPTED COSTITUTIVE RELATIONSHIP FOR CONCRETE

The concrete was modeled using Willam and Wranke model (Willam and Wranke, 1974)
which predicts failure of brittle materials in which the cracking and crushing modes should be
accounted for. The criterion for failure of concrete due to a multiaxial stress state can be expressed
in the form:

F _ss0 (7)
fo

where,

F = a function of the principal stress state (cyp, Gyp, Gzp),

S = failure surface expressed in terms of principal stresses and five input strength
parameters as follows:

f, = ultimate uniaxial tensile strength in MPa

f. = ultimate uniaxial compressive crushing strength in MPa,

fop = ultimate biaxial compressive strength in Mpa,

oh = ambient hydrostatic stress state in MPa,

f; = ambient hydrostatic stress state of biaxial superimposed on hydrostatic stress state in

Mpa, and
f, = ambient hydrostatic stress state of uniaxial superimposed on hydrostatic stress state in
Mpa.

For simplicity, Willam and Warnke, 1974, suggested the following equations to calculate

three of strength parameters in terms of f. in case of o < V3 f¢ . Thus, the failure surface S can be

specified with a minimum two constants, f, and f; .

be = 12 fC’
f, =1.45f, (8)
f, =1.725f,

Failure of concrete is categorized into four domains. In each domain, independent functions
were specified to describe the function F and the failure surface S. The failure surface S can be seen
in Fig. (1).

Compression-Compression-Compression Domain(0 < o1 < 6, < 63)

In this case, F takes the form:

1
F:Fl:%[(01_0-2)2+(O_2_U3)2+(03_O_1)2]§ )

and the failure surface S is defined as:

s _ 20 (r22 —r? )cos n+r,(2r, —r, )[4(r22 —r? )cos2 n+5r7 —4nr, ]2

S = 10
! 4(r22 —r? )cos2 n+(r,—2r) (10)

where,
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20, —0, — . . T
01702703 - in which n = angle of similarity, and

cosn =
] (SR R e Y o

_5%n
4 f
The undetermined coefficients ag, a1, a,, b, b1, and b, are discussed below.

When n = 0°% S; in eq. (10) is equal to r; while if n = 60° S; is equal to r,. Therefore, the

function ry represents the failure surface of all stress states with n = 0°.
The function r; is determined by adjusting ao, a1, and a, such that f; , f, and f; all lie on the

failure surface. Mathematically:

F
f_l,(o'l = f/,0, =03 =0)
FC 1 §t étz dy
—(01=0,0, =03 == Ty) =11 & o[ (12)
c 1& & |
f—ll(al =—-0f ,0, =03 =—0}f — fl)
C
. ) f' f ol 2f
inwhich & =—L &, =-—% agnd&=—-1L_=-1
“ 3f, Seb 3f, 1 f/ 3f,

The proper values for the coefficient ao, a;, and a, can be determined through the solution of the

simultaneous equations given in eq. (11).
The function r; is calculated by adjusting by, by, and b, to satisfy the conditions:

F _ _
(o1 =0,=0,05 =—f/) 11
fe 1 -= =
e 3 9 ||b
om0, =-ofios=-oi-f)i=|1 & & |, (12
c
0 1 & o2 b,
where,
on 1,
is defined by: =——T— .
& y: & £ 31
and & is the positive root of the equation:
(13)

rz( o)zao +a,&Ey + a8

in which ag, a1, and a, are evaluated by eq. (11).
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Since the failure surface must remain convex, the ratio ri/r, is restricted to the range
(0.5<r1/r,<1.25), although the upper bound is not considered to restriction since (ri/r, < 1.0) for
most materials. Also, the coefficients ag, ai, a2, bo, b1, and b, must satisfy the conditions:
a>0,a:<0,a,<0
by >0,b1<0,b, <0
Therefore, the failure surface is closed and predicts failure under high hydrostatic pressure (< &).
This closure of the failure surface has not been verified experimentally and it has been suggested
that Von Mises type cylinder is a more valid failure surface for large compressive op-values.
Consequently, it is recommended that values of f; and f, are selected at a hydrostatic stress level in
the vicinity of or above the expected maximum hydrostatic stress encountered in the structure.

Eq. (9) describes the condition that the failure surface has an apex at & = &,. A profile of r;
and r, as a function of & is shown in Fig. (2).The lower curve represents all stress state such that n =
0° while the upper curve represents stress state such that n = 60°. If the failure criterion is satisfied,
the material is assumed to crush.

Tension-Compression-Compression Domain (o1 > 0> 07 > 63)

In this regime, F takes the form:

1
F=F, = —0'3)2+0'22+032F (14)

1
—E[(O'z

and S is defined as:

1
gj 2p,(p3 — p? Jeos 7+ p,(2py — p, Ja(p3 ~ p? Jeos? n+5p2 ~4p,p, |2 (15)
f 4(p? - p? Jos? 7+ (p, ~2p; )

S=5, :(1—

where cosn is already defined above, and
P =a+ay+a

P, =by +byy +b,z°
1

X = 5(0'2 + J3)
The coefficients ag, ai, az, bo, b1, and b, are defined by eq. (11) and eq. (12).

If the failure criterion is satisfied, cracking occurs in the plane perpendicular to the principal
stress o;.
Tension- Tension -Compression Domain (61 > 62> 0 > 03)

Here the function F takes the form:

F=F=0 ;i=12 (16)
and the failure surface S is defined as:

f' o
S=S,=—L|1+—2 _|:i=172 17
: f'( Sz(ai,O,ag,)J ()

c
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If the failure criterion for both i = 1, 2 is satisfied, cracking occur in the planes
perpendicular to principal stresses o1, o,. If the failure criterion is satisfied only for i = 1, cracking
occurs only in the plane perpendicular to principal stress o.

Tension- Tension - Tension Domain (o1 > 0, >0 > 53)

In this regime, F takes the form:
F=F, =0 ;i=123 (18)

and S is defined as:
S=§,=-L (19)

If the failure criterion is satisfied in directionsl, 2, and 3, cracking occurs in the planes
perpendicular to principal stresses o1, o2, and o3, otherwise, cracking occurs in plane or plane
perpendicular to the directions of principal stresses where the failure criterion is satisfied.

IMPLEMENTATION OF THE FINITE ELEMENT METHOD

According to Fung, 1965, the effect of temperature changes on an elastic body subjected to
external forces may be determined using one of the followings:
1. Solution of the discretized form of the coupled thermo-elastic equation in which the effect of
both temperature and displacement on each other may be determined, i.e. the displacement due to
unit temperature change and vice versa. However, this procedure is not usually used especially in
problems where the temperature changes are not high enough like in mass concrete problem.
2. When the simplifying assumptions mentioned in (1) above are introduced, the theory is referred
to as an uncoupled, quasi-static theory; it degenerates into heat conduction and thermoelasticity as
two separate problems. Experience shows that the change of temperature of an elastic body due to
adiabatic straining is, in general, very small. If this interaction between strain and temperature is
ignored, then the only effects of elasticity on the temperature distribution are effects of change in
dimensions of the body under investigation. The change in dimension of a body is of the order of
product of the linear dimension of the body L, the temperature rise AT, and the coefficient of
thermal expansion o.. If L = 1m and AT = 100 °C, o = 10*10°° per °C, the change in dimension is
10°m, which is negligible in problems of heat conduction.

The equivalent temperature changes to the estimated drying shrinkage strains may be
calculated using the following simple relation:

ATpg = 250 (20)
o

C

where,

ATps = drying shrinkage equivalent temperature change,

gh = shrinkage strain, and

o = coefficient of thermal expansion of concrete.

Then the equivalent temperature changes to drying shrinkage may be added algebraically to
the temperature changes resulting from thermal analysis. The effect of this sum of temperatures,
which appears as thermal stress and strain, may be detected using the second method described in
(2) above. This means that the problem is treated as “an initial stress or strain” problem. The term
“initial stress” signifies a stress present before deformations are allowed. Effectively, it is a
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residual stress to be superposed on stress caused by deformation. The effect of temperature changes
can be placed as initial strain g, or initial stress and strain o, and &,. Both are viewed as alternative
ways to express the same thing (Cook, 1989).

In a linear elastic material, the stress-strain relation is (Cook, 1989):

£=g +&, (21)
where,
€ = initial strain = o AT
or,
oc=E(e—¢,) (22)

The strain energy U, is defined as (Cook, 1989):

u, :j%dv (23)

"

Substituting eq. (22) into eq. (23):

U, :jg(gz —2e, + 8L )dv (24)

The third term in the parenthesis in eq. (24) can be omitted since it is independent of nodal
displacements. Then its derivative is equal to zero. Thus,

U, =£§(52 2e, v (25)

. E . . .
Writing u, =E(52 —Zego)dv = is the energy per unit volume. Hence, for a state of multiaxial

stresses:

u, =2 [Dle} L= [Pl (29)

where
[D] = the constitutive relations matrix for concrete and is defined for linear-elastic material
as follows (Cook, 1989):
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(1-v) v o 0 0 0 |
v (1-v) 0 0 0
v v (1-v) 0 0 0
1-2v
E 0 0 0 0 O
Dl= 50 27
S vy ey ? 7
0o 0 o0 o 1= o
2
o 0o o o o =%
L 2
The potential of external load may be expressed as:
2., =—u g (28)
where,
Lul = the displacement field vector, and
{¢} = the load vector.
Furthermore, the potential of body forces is given by:
Ly = LUJ{IE} (29)

where
{If} = the body force vector, which is any force distributed over the entire volume of the

body like the self-weight.
The total potential energy per unit volume can be written in the form (Cook, 1989):

T, =U,+02= %LeJ[D]{s}— [ JMeo }-Luig}-Lu fiF (30)
The total potential within the element is:

Hpe :ijodv (31)
17,, =5 L2 JoYelav ~ L Dl v~ lu Jgkis - Lu {F @)
Since,

{u} =[N} (33)
where,

[N] = shape function matrix, and
{e} = nodal displacement vector.
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Also,
{e}=[Ble} (34)
where,
[B] = strain-nodal displacement matrix.
Hence,
11,, = ILe 8] [PJelov— (e [B]D}i, v - Lo IN] s~ le [N} lov @)

which after simplification and introducing effects of externally applied nodal forces becomes:

17, =7 le [K]fe}-LeJiR}-LeJiF) (36)

where, {F} = externally applied nodal forces vector.

Applying the minimization of the total potential yields:

a{e§ =0
[KJe}={F}+{R} (37)

where, {R}= \j/[B]r [D]e, Jdv + \j/[N]r {If}dv + {[N [ {p)ds

Eq. (37) will be used in the analysis of the mass concrete due to effects of temperature and
drying shrinkage volume changes.

COMPUTER IMPLEMENTATION

Besides the “Graphical User Interface (GUI)” that is commonly used in software packages,
ANSYS program proposes a programming language similar to some extent to the conventional
FORTRAN language. The proposed language is referred as APDL (ANSYS Parametric Design
Language).

A modified ANSYS program is adopted in this study. This consists of a main program and
four subprograms. The main program contains the principal steps of analysis and required calls for
subprograms. Each of these subprograms is responsible of some limit tasks like:

- Performing the thermal analysis,

- Storing temperature values in a pre-dimensioned array,

- Calculating drying shrinkage strains throughout the concrete body, and

- Conducting the nonlinear structural analysis by considering the effect of concrete aging via
updating concrete strength parameters (f; , f. , E¢) after deleting the thermal finite element mesh
and constructing a new structural one.

Two Types of elements are used in this program:
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1. Thermal Solid 70: This element is an eight-noded brick element with one degree of
freedom, temperature, at each node. The element is applicable to a three-dimensional, steady
state or transient thermal analysis.

2. Structural Solid 65:This element is used for the three-dimensional modeling of the concrete
with or without reinforcing bars. The element is defined by eight nodes having three degrees of
freedom at each node: translations in the global x, y, and z directions. It is capable of
considering cracking in tension and crushing in compression.

PROBLEM DESCRIPTION AND RESULTS

To investigate the effect of the transverse base restraint on the cracking behavior of mass
concrete member due to temperature variation and drying shrinkage volume changes, a nonlinear
finite element analysis was applied to base restrained thick concrete slab. Four different aspect
ratios (width/length) were considered for the case of a slab with fixed bottom cast at the first of
January (winter concrete placement) in Baghdad. The aspect ratios were 0.2, 0.4, 0.8, and 1.0 and
obtained by fixing the length of the slab to 10 meters and varying the width as 2, 4, 8, and 10
meters. In all these cases, the thickness of the slab was taken as 1.5 m.

Thermal and structural analyses were conducted on the slab including all the surrounding
circumstances and boundaries utilizing the finite element mesh shown in Fig. (3).

The temperature distribution in the central sections along the length and width directions at
some times after concrete placement are shown in Figs. (4) to (15). The assessed final cracking
pattern of the concrete slabs with different aspect ratios can be seen in Figs. (16) to (19).

CONCLUSIONS

The following conclusions can be drawn from the results of the analysis:
* Value of peak temperature increases with increasing aspect ratio (B/L) of the slab. This may be
related to the increase in the magnitude of heat generated upon concrete placement due to volume
increase.
* A small temperature drop at the 28" day of concrete age is noticed as the ratio B/L is increased.
This is related to the effect of the volume to surface ratio (\V/S), since the temperature increases with
increasing the aspect ratio (B/L).
* The number of primary cracks (cracks that extend over the entire thickness) increase with
increasing width of the slab, i.e., the aspect ratio. This can be interpreted as a result of the
considerable increase in restraint provided by the slab base and the increase in the maximum
temperature due to the hydration process after concrete placement.
* The full-depth cracks are concentrated at the central portion of the slab where the maximum drop
in temperature occurs.

From the above and since it was concluded previously that the major cause of cracking in the
thick slabs is temperature drop, the effect of the third dimension (width) cannot be ignored when the
response (stresses and cracking) of this type of structures is required. Unfortunately, most of the
standards like ACI-Committee neglect the effect of the third dimension and assume a uniform
temperature distribution.

Table (1) Drying shrinkage strains

d/H Drying shrinkage strain (10°)
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Slab width = 2.0m Slab width = 4.0m Slab width =8.0m | Slab width = 10.0m

After ... days After ... days After ... days After ... days
14 | 28 | 90 14 | 28 | 90 90 141 28 | 90
3.2 | 7.5 (18.0(24. . 3307109 . . 41334 .0810.48|1.12| 2.7
13131175 . . . 2(3.0(4. . 1411 . .2 10.47(1.13
04 2413. . 4 10.96( 1. . 0.44(0. . 0.15(0.36
0.8
0
0

(*) d/H defines the ratio of the depth from top surface / the slab thickness H.

Sy
cracking i cracking
f ]
(o}
xp

f
j=2]

£

=
[=]
. IS
O,y > 0 (cracking) S

O,, =0 (crushing)

T, < 0 (crushing)

n=0 ' T,
f !

Fig. (2): A profile of the failure surface, after ANSYS Inc.
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- W, = concrete element width (variable) = 0.25, 0.5, 1.0, or 1.5 m.
- Dimensions are not to scale.

Fig. (3): Finite element mesh for a thick concrete slab problem
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Fig. (4): Temperature distribution in a slab with B/L=0.2 (3 days after placement)
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Note: Temperatures are in °C
Fig. (5): Temperature distribution in a slab with B/L=0.2 (28 days after placement)
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Fig. (6): Temperature distribution in a slab with B/L=0.2 (180 days after placement)
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Fig. (7): Temperature distribution in a slab with B/L=0.4 (3 days after placement)
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Fig. (8): Temperature distribution in a slab with B/L=0.4 (28 days after placement)
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Note: Temperatures are in °C
Fig. (9): Temperature distribution in a slab with B/L=0.4 (180 days after placement)
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Fig. (10): Temperature distribution in a slab with B/L=0.8 (3 days after placement)
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Fig. (11): Temperature distribution in a slab with B/L=0.8 (28 days after placement)
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Along width direction
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Fig. (12): Temperature distribution in a slab with B/L=0.8 (180 days after placement)
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Fig. (13): Temperature distribution in a slab with B/L=1.0 (3 days after placement)
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Note: Temperatures are in °C
Fig. (14): Temperature distribution in a slab with B/L=1.0 (28 days after placement)
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Note: Temperatures are in °C
Fig. (15): Temperature distribution in a slab with B/L=1.0 (180 days after placement)
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Side view of the central section along length direction

Top view

Fig. (16): Final cracking pattern for slab cast in winter with B/L=0.2

Side view of the central section along length direction

Top view

Fig. (17): Final cracking pattern for slab cast in winter with B/L=0.4

Side view of the central section along length direction
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Top view

Fig. (18): Final cracking pattern for slab cast in winter with B/L=0.8

Side view of the central section along length direction

Top view
Fig. (19): Final cracking pattern for slab cast in winter with B/L=1.0
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The traditional solutions in the sustainable climatic adaptation and its employment in the
contemporary housing

ABSTRACT

Sustainability means, the integration between the ecological, technological, economical and
social systems to forming the urban environment to maintain the resources for the future
generations. Sustainability focuses on many principles: Using the natural energy, learning from the
traditional architecture, minimizing the consumption of the resources.

To develop some criteria's for contemporary dwellings in hot dry climate, the research tried
to study and analyze the traditional architecture to diagnose its importance and ability to solve
contemporary problems, one of which is the lack of comfortable and suitable dwelling units in hot
dry climate regions.
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The research will study the traditional urban fabric components in the hot- arid zone, because
the urban experiment in this zone emphasized on the compact forms and considered it the result of
the human adaptation to create the comfortable microclimate.

The research concludes the effective indicators in the traditional urban fabric and
employed it in many of housing clusters in hot arid zone to examine its importance and effect in the
formalization of sustainable and suitable housing clusters.
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ABSTRACT

Growth of cities made Urban Designers and Planners determine to the extent that need to
knew solutions appear to maintain and analyze data, especially regarding dealing with 3D
geometrical information and concepts integration on building them to enable analysis and ensure
3D rapid visualization as complication and mutual relations among various data types (3D spatial
and non -spatial) and users vary greatly that current information systems face difficulty in dealing
with, analyses and completing them, confusing the process of Urban Planning and conduct
nowadays rather than a decade ago; it was necessary to set an attempt to combine available
technology components and develop new concepts to conclude a system that meets users'
requirements and solves problems of urban planning and of information users better . Therefore,
focus was on a 3D system to conclude the concept of building objects and their attributes to allow
efficient recovery and display, where focus is on 3D spatial objects; since demand of 3D spatial
information is the most urgent.

So , the aim is identifying the conceptual model capable of dealing with a variety of object
and relations of interest for urban planners appropriately to analysis and 3D interactional
visualization using current technological developments , so that object of no spatial range are
combined in the database according to objective classification , so that spatial object , classification
with objective characteristics can work according to hierarchy in semantic and geometrical domains

this to be integrated by possibility of introduction of this public system to Iraq in general and
Baghdad in particular by attempting suggesting conducting that system as a start to be the
responsible for its application for real .

The research was finished with cooperation of many parties abroad to reach its desired aim.
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FINITE ELEMENT ANALYSIS OF EMBANKMENTS ON SOFT
CLAYS - CASE STUDIES

Yousif J. al-shakarchi Mohammed Yousif Fattah Ahmed S. Jawad Al- Shammary
University of Baghdad University of Technology University of Baghdad
College of Eng., Civil Eng. Dept Building and Construction Eng. College of Eng., Civil Eng.
Dept Dept.
ABSTRACT

In order to design structures on soft soils, it is necessary to predict the behavior of the soft soil
under imposed structure load. The high excessive settlements of the soft soil can cause many
problems for the structures built on the soil like cracking and breakup of pavements, railway,
highway embankments, etc...

In this work, the finite element method is utilized as a tool for carrying out different
analyses of embankments on soft ground with different conditions. The computer program CRISP
(CRitical State Program) is developed to suit the problem requirements. CRISP uses the finite
element technique and allows predictions to be made of soil deformations using the critical state
theory.

Eight-node isoparametric quadrilateral element has been added to the program. The program
was used to analyze fully coupled (Biot) consolidation of two-dimensional plane strain problems.
The finite element predictions of displacements and excess pore water pressures were compared
with field measurements.

It was concluded that the maximum vertical movement occurs below the centerline of the
embankment. The settlement decreases slightly as the toe of the embankment is approached and
decreases rapidly as the distance away from the toe increases. Upward movement of the surface far
from the toe is observed. The maximum horizontal movement occurs near the top boundary. The
rate of horizontal movement at the top of the foundation is greater than at the bottom. This behavior
may be due to the flexibility and free movement condition of the vertical boundary in the top half
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INTRODUCTION

The increase in the world population and the consequent demand on new areas for construction
forced the civil engineer to construct on large lands that have been avoided in the past because of
their inadequacy as foundation ground. This means that land which was formerly considered
unsuitable has now been utilized by building over. However, before this can be done, the problems
which made the land unsuitable in the first instance have to be overcome by the engineer either by
special design or ground improvement.

In order to design structures on soft soils, it is necessary to predict the behavior of the soft
ground under impose of structure load. The high excessive settlements of the soft soil can cause
many problems for the structures built on the soft soils like cracking and breakup of pavements,
railway, highway embankments, etc...

The engineering properties of the soft clay may be improved to make the soil suitable for
construction; several techniques have been suggested to improve the engineering properties of the
soft soil.

PROBLEMS IN PREDICTING SETTLEMENT OF EMBANKMENTS ON SOFT CLAY

The major uncertainties in predicting settlement of embankments on soft clays are list:
1. Uncertain stratigraphy and drainage boundaries.
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2. Uncertain time history of loading.
3. Mass movements due to shearing stresses.
4. Economical problems that restrict exploration, testing, and other analyses.
Other problems that clearly influence the accuracy of predicting include (Olson and Fellow, 1998):
1. Effects of secondary compression. Field data documenting long-term behavior are required.
Many field observations terminate when a structure (pavement, bridge, tank, etc...) is
constructed, because the instrumentation is destroyed. The client is not interested in paying
for continued readings, and the engineer does not wish to risk for being used based on the
documented movements.
2. Sampling disturbance compared with disturbance introduced in the field such as during wick
installation.
Use over simplified and analytical procedure, or performing the design based on "Engineering
Judgment" with minimal exploration and testing, is an effort to underbid the complication.

THE COMPUTER PROGRAM CRISP
CRISP (CRItical State Program) was developed at Cambridge University, Engineering Department,
Soil Mechanics Group, in 1975. Later after making necessary modifications on (CRISP), it was
republished in 1987.
CRISP uses the finite element technique and allows predictions to be made on ground
deformation using critical state theories.
CRISP is used in this work for the analysis of embankment problems after making necessary
developments. These developments include the following (Al-Shammary, 2006):
1. Eight-node isoparametric quadrilateral element is added with all necessary modifications in
corresponding matrices.
2. Some subroutines are rearranged and organized.

Summary of Facilities:

Solution techniques:

There is a number of techniques for analysis of non-linear problems using the finite elements.
CRISP uses the incremental or tangent stiffness approach. The user divides the total load acting into
a number of small increments and the program applies each of these incremental loads in turn.
During each increment, the stiffness properties appropriate for the current stress level are used in
the calculations.

Excavation, Construction and Increment Blocks:

A finite element program intended for geotechnical analysis should be capable of analyzing
problems where soil is excavated or soil structures (e.g. embankments) are constructed. This is not a
standard feature found in finite element programs in other branches of engineering. CRISP allows
elements to be removed to simulate excavation and elements to be added to simulate construction.
The applied loadings for these cases are automatically calculated by the program.

When performing a non-linear analysis involving excavation or construction, the
requirement for relatively small applied loads in each increment still applies. The way of achieving
this is the removal or addition of a large number of layers of "thin" elements due to the large
number of elements, and possible numerical conditioning problems associated with elements that
have large aspect ratios. CRISP circumvents this problem by allowing the effect of element removal
or addition to be spread over several increments in an "increment block” which is a series of
ordinary increments grouped together in the input data for the program.
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CASE STUDY PROBLEMS
The construction of embankments on soft clays will be simulated by using the eight-node
isoparametric elements.

SIGMA Test Embankment Problem
This is one of the basic problems of the computer program GeoSlope. In this problem, the
subsurface clay stratum is 9 m deep and the water table is 1 m below the ground surface.

The 1 m-layer above the water table is highly weathered desiccated and fissured making the
behavior similar to a fine granular soil.

The embankment to be analyzed is shown in Fig. 1 and is constructed of relatively sandy
soil. The height of the embankment is 5 m with 3:1 side slopes and 10 m crest width. Due to
symmetry about the center, only half of the cross section is modeled in the analysis. Part of the
underlying soil (clay) is considered in the analysis.

The bottom of the problem is fixed, while both vertical ends are allowed to move vertically
but not horizontally. The finite element mesh of the embankment and its foundation is shown in
Fig.1

Clay Properties

The clay is modeled as a modified Cam —clay (MCC). It is highly plastic with liquid limit (LL) of
61%. The compression index, Cc, can be estimated from the well-known equation (Skempton,
1944):

C=0.009*(LL-10 percent) Q)

The slope of the normal consolidation line, A, can be computed from A = C¢/2.303 (Atkinson and
Bransby, 1978). A summary of the soil properties is provided in Table 1.

Sand Properties

The embankment and the upper one meter of subsoil is modeled as highly permeable. Linear
elastic model can be used for this material, which can be considered adequate since the major
settlement issue arises in the underlying compressible clay. The properties adopted for sand are also
given in Table 1.
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Table 1 The properties of foundation and embankment of problem
(Manual of the program Geo-Slope).

Type of soil Parameter Value
Liquid limit (LL) 61%
Compression index (Cc) 0.46
Slope of normal consolidation line (1) 0.2
Slope of swelling line () 0.04
Coefficient of volume compressibility (m,) 3*10 (1/kPa)
Hydraulic conductivity (k) 5%1073(m/day)
Effective friction angle (¢) 26’
Slope of critical state line (M) 1
Coefficient of earth pressure at rest (Ko) 0.56
Poisson's ratio (v) 0.36
Over-consolidation ratio (OCR) 1.2

Unit weight (y) 20 kN/m®

Modulus of elasticity (E) 2000kPa
Poisson’ s ratio (v) 0.36
Hydraulic conductivity (k) 1 m/day
Coefficient of volume compressibility (m,) 3*10™ (1/kPa)
Unit weight (y) 20 kN/m®

Linear
elastic

In Situ-Stresses
An essential feature when using the modified Cam clay (MCC) soil model is to establish the initial
yield surface. Any changes due to the embankment loading are relative to the yield surfaces that
exist prior to loading. The initial yield surface is related to the initial in-situ stress and over—
consolidation ratio (OCR). The (OCR) is specified as a soil property but the in-situ stress must be
computed in a separate step.

The total and effective horizontal stress profiles in the sub-soil before starting the
embankment fill placement are shown in Fig.2.

Loading sequence

The embankment fill is going to be placed in five stages as follows:

Fill lift | Elapsed tlme (days) Helght(m)
1St
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Results and Discussion

Comparison of Results

Fig. 3 shows a comparison between the settlements that occur at the centerline at the water table
elevation predicted by the CRISP program which is used in this study and those by SIGMA
program. It can be seen that the settlement predicted by the two programs is similar during
construction of the test embankment. The excess pore water pressure changes with time at a
specified location one meter to the right of center line and two meters below the water table (point
B in Fig. 1) are compared in Fig. 4 for both programs. The SIGMA program shows lesser excess
pore water pressure during construction, while, after construction, the two results tend to be similar.

The pore water pressure starts to dissipate immediately after construction of each fill lift,
then its value increases when the next fill is constructed and dissipation continues.
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Fig.1 The finite element mesh of SIGMA embankment.
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Fig. 2 Initial in-situ horizontal and vertical stresses in the sub-surface clay.
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Fig. 3 Vertical displacement at node (A) of SIGMA test embankment.

: ; \\j\\ .o
” N
0 =] -
=

0

/

Excess pore water pressure (kPa)

0 5 10 15 20 25 30 35 40 45
Time (days)

Fig. 4 Excess pore water pressure at node (B) of SIGMA test embankment.

Vertical Displacement
In Figures (5 and 6) the finite element analysis results of the vertical displacements along horizontal
sections (H1-H1), (H2-H2) (as shown in Fig. 1) during construction are presented. The maximum
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settlement does not occur along the centerline but is located more towards the outer edge of the fill
in the early stages of loading. This behavior is due to the zone of lower effective horizontal stresses.
In addition, the toe of the fill has been lifted up slightly because the zone near the toe is a high shear
stress zone. Upward movement of the surface far from the toe is observed due to the large load
applied at the centerline of the foundation. This upheaval decreases slightly towards the toe of the
embankment and decreases significantly as the distance away from the toe becomes large.

The vertical settlement along the vertical sections (V1-V1) and (V2-V2) and the centerline
are shown in Figures (7, 8 and 9). From all these figures, the maximum vertical displacement was
found at elevation 9 m because this level will be exposed to load directly. After construction, the
maximum settlement will occur at the centerline as shown in Figs. (10 and 11). This behavior is due
to the fact that the zone near the center of embankment suffers from concentration of stresses. In
Fig. 9, the maximum settlement is found at elevation 4 m because this region is affected by all
strains developed above this level resulted from the loads applied above this level. On completion
of the embankment, the staged construction is halted and the load remained constant. In this stage,
the consolidation of the soil will occur without any increase in the applied load.
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Fig.6 Vertical displacement along section (H2-H2) during construction of SIGMA test
embankment.
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Fig. 11 Vertical displacement along section (H2-H2) after construction of SIGMA test
embankment.

Horizontal Displacement

The horizontal movements along two vertical sections, (V1-V1) and (V2-V2) are presented in
Figures (12 and 13) during construction. In general, it is seen in these figures that the maximum
horizontal displacement occurs near the top boundary. The rate of horizontal movement at the top
of the foundation is greater than that at the bottom. This behavior may be due to the flexibility of
the top boundary assumed for horizontal movement. It can also be seen that section (V1-V1) near
the toe shows the maximum horizontal displacement in comparison with the other section (V2-V2).
This behavior is due to the large difference between the vertical load concentration on the left and
right hand sides of section (V1-V1).
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Excess Pore Water Pressure

The excess pore water pressure dissipation along the centerline, sections (V1-V1) and (V2-V2) are
shown in Figures (14 to 19). The curves show the isochrones of excess pore water pressure during
construction and after construction at times 28, 31, 34, 38 and 40 days. As it is shown, the
isochrones of excess pore water pressure give symmetric curves with maximum values near the
middle of the foundation soil. This behavior is due to the two—way drainage assumption. The
analysis predicts pore water pressure at centerline of the embankment greater than at the other two
sections. This behavior is expected and it is due to the concentration of the load at the centerline of

the embankment.
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Sk& Edbey Embankment

Project Description: -

The test embankment was built on the site of Sk& Edbey about 25 km west of Stockholm in the year
1961, to study the long-term behavior of Swedish clays and the suitability of the site for
construction of an airport.

The embankment has a height of 1.5 m with crest width of 4 m and side slope 1:1.5. It was
constructed in three stages as indicated in Fig.18, and the embankment was completed in little over
one month. The cross section of the embankment and foundation soil is shown in Fig.19.

The stress applied by the fill was about 27 kN/m?nd based on the original shear strength of
the clay. The factor of safety against failure was about 1.5, still from elastic theory; the maximum
shear stresses under the edge of the embankment were quite high and may have locally exceeded
the shear strength.

Instrumentation was installed near the middle of the embankment at locations shown in
Fig. 19. Two types of gages were used to measure settlements. Those were placed on the ground
surface under the fill where simply steel rods welded to plates with settlement recording made by
precise leveling. The gages for measuring settlements at depth considered of rod to firm bottom
width in pipe welded to earth screw. Dial indicators determined relative movements. Horizontal
movements at the sides of the embankment were measured in plastic tubes by the (SGI)
inclinometer (Kallstenius And Bergau, 1961).

Soil Properties

The geotechnical profile for the soil under embankment is shown in Fig. 20 (Holtz, 1972). The soft
soil was divided into 8 sub-layers with different compressibility parameters and (OCR) (Neher et
al., 1999) as shown in Table 2.

Table (2) Soil parameters for Ska Edbey embankment (from Neher et al., 1999).

Layer Tt (kN/m %) k (m/day) OCR M ()
14. 2 8 64%10° o 106 14 1
(0006 2 ]
[ 7.010° ] 0.083 -
1.61 30°

[ 6.22*10° |

| 5.44*10° | 44*10
0 076

| 5.01*10° | 01*10

4 75*10°

0 069
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Comparison of Results with Observation: -

The predicted and measured vertical settlement at node A (as shown in Fig. 20), and excess pore
water pressure at section (V1-V1) at time 10 years after construction and horizontal displacements
along section (V2-V2) at time 20 years are shown in Figs. (23, 24 and 25).

It can be seen that the results obtained using the CRISP program are in good agreement with
those obtained by PLAXIS program by adopting the modified Cam clay model. The accuracy of
models used and the correctness of the input property of the soil, typically for soft ground, is a big
topic of soil mechanics, since the elasto-plastic, visco-plastic, and reheology behavior of the soft
clay make it extremely difficult to model the soft soil stress- strain relationship. Normally,
increasing the model parameters may increase the accuracy of the model, but also increase the
difficulties for input parameters evaluation. At present, some of the model parameters, such as
compressibility, can be determined from high quality laboratory triaxial or consolidation tests with
confidence. However, some other parameters, such as permeability, are very difficult to be
determined accurately. For this kind of parameters, the most reliable way is to derive the parameter
values from back- analysis of existing case histories.
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SECTION A-A
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Fig. 22 Geotechnical profile for Sak Edbey embankment (from Holtz, 1972).
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-Vertical Settlement

For the Sk& Edbey test embankment, the vertical movements at the ground surface, sections (H1-
H1) and (H2-H2) (shown in Fig. 20) are presented in Figs. (26 and 27). As can be seen, the
maximum vertical settlement occurred below the centerline of the embankment. The settlement
decreases slightly as the toe of the embankment is approached and decreases rapidly as the distance
away from the toe increases. Upward movement of the surface far from the toe is observed. This
behavior is due to the loading concentration at the center part of the embankment.

Vertical displacements along sections (V1-V1), (V2-V2) and (V3-V3) are shown in Figs.
(28, 29 and 30).
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Horizontal Displacement

The horizontal movement along two vertical sections, which are (V2-V2) and (V3-V3) shown in
Fig. 20 are presented in Figs. (31 and 32) after construction at different times. In general, it can be
seen that the maximum horizontal displacement occurs near the top boundary. The rate of
horizontal movement at top of the foundation is greater than that at the bottom. This behavior may
be due to the flexibility of the top boundary that is assumed for horizontal movement. It can also be
seen that section (V2-V2) at the toe, shows the maximum horizontal displacement compared with
the other section. This behavior is due to the large difference between the vertical load on the left
and right hand sides of section (V2-V2).
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Fig. 31 Horizontal displacement along section (V2-V2) after construction of Sk& Edbey test
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16 .
14 . ‘ { b 3
12 —| —@— time=1lyear \.\ /
“E\ 10 — —=f— time =3years &_ /
:‘: | —@— time=5 years V
.'\g’ 8 —Jl— time=7years
j\? 6 —| —#— time=9years /
| —&— time =12 years o
——— time=15years
2 7 —O— time=20 years /
0 —

-0.015 -0.013 -0.010 -0.008 -0.005 -0.002 0.000 0.003 0.005 0.008
Horizontal displacement (m)

Fig. 32 Horizontal displacement along section (V3-V3) after construction of Sk& Edbey test
embankment.

Pore Water Pressure

The excess pore water pressure dissipation with time at sections (V1-V1), (V2-V2) and (V3-V3) is
shown in Figs. (33, 34 and 35).

As shown in the figures, there is no symmetry in excess pore water pressure isochrones in
spite of tow- way drainage condition. This may be attributed to the non-homogeneity in the
foundation soil and the differences in the permeability values for different types of foundation
layers. The dissipation of excess pore water pressure in the upper layer was faster than at the bottom
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layer. This is because that the upper layer has permeability greater than that of the underling layers.

The excess pore water pressure along section (V1-V1) is higher than of the two other
sections (V2-V2) and (V3-V3). Such behavior is clearly due to the location of the embankment
loads, which are more concentrated on the centerline of the embankment.
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Fig. 33 Excess pore water pressure along section (V1-V1) after construction of Sk& Edbey test
embankment.
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embankment.

-Stress State

Figs. (36 and 37) trace the stress path for points A and B (shown in Fig. 20), respectively. It can be
seen that isotropic hardening takes place upon loading and new yield surface is always generated at
each load increment. The hardening at point (A) which is located at the centerline of the
embankment is greater than that at point (B) at its toe. In addition, due to the upward movement of
point (B), the stress state may over-pass the critical state line at some stages, and hence dilation
might occur at the point. The soil behaves as overconsolidated at that stage.
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CONCLUSIONS
The analysis of two study embankments on soft ground by using the finite element method is
achieved. The embankment material is assumed to behave as elastic or elastic-plastic material while
foundation soil behavior is considered to follow the modified-Cam clay model. The following
conclusions can be drawn:
1. The modified-Cam clay model can simulate the soil behavior successfuly. When the results
of analysis are compared with the measured values, good agreement was obtained.
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2. The maximum vertical movement occurs below the centerline of the embankment. The
settlement decreases slightly as the toe of the embankment is approached and decreases
rapidly as the distance away from the toe increases. Upward movement of the surface far
from the toe is observed.

3. The maximum horizontal movement occurs near the top boundary. The rate of horizontal
movement at the top of the foundation is greater than at the bottom. This behavior may be
due to the flexibility and free movement condition of the vertical boundary in the top half.
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BUILDING AN INTEGRATED SYSTEM FOR MANAGEMENT OF
PROJECTS ((SOME WATER PROJECTS AS A CASE STUDY))
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ABSTRACT

Many useful softwares in projects management are available now. Ms Project and Primavera are some
examples of these softwares. Those programs need to be fed by information by the user. The users
usually collect this information from the project and design documents. This collection process needs
considerable time and efforts, and usually accompanied of some errors in data transfer process.

In order to reduce the required time and efforts and to eliminate individual errors in data transfer
process, an Integrated System is needed. This Integrated System can extract the graphical information
from an AutoCAD drawing and transfer it to a digital form suitable for processing in the project
management softwares such as Excel and Ms Project.

In this research an Integrated System (IS) was built, to connect three softwares, AutoCAD, Excel and
Ms Project, using Active X data transfer technology. The Integrated System was tested using three case
studies. Al-Nahrain University waste water network, the Islamic University water supply network, and
an irrigation and drainage project. The results indicated the capability of the system to transfer the
graphical data into digital data, and to conduct the quantity of survey of the selected projects.

It is worthy to mention that this system requires some modification that is should be adopted in the
AutoCAD drawings. The drawings should be performed using layers, and definition blocks for objects.
These modifications are simple and can be done easily. Moreover the system was built in a way that
gives the ability of adding other case studies (i.e., other types of projects).
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INTRODUCTION

Construction was a collaborative activity involving a multi-disciplinary team including client, architect,
engineer, consultant, contractor, etc. Each member of this team was responsible for certain aspects of
the project. Different professions used their own unique processes to undertake their tasks, but often
had to rely on information supplied by others. At present, the communication problem between the
team members is often a cause for project delay and building defects. Improving the communication
link had been identified as crucial to further efficiency gain in construction. (Sun and Aouad: 1999).
With the wide use of Architecture, Engineering, Construction (AEC) software, the traditional cross
discipline communication is increasingly manifested as an issue of data exchanged and data sharing
between different software applications. (Sun and Aouad: 1999).

The increasing technical complexity of projects created a demand for the integration of construction
project information .The development and deployment of new construction industry software
applications, improvements in network technology, the application of robotics to the building process,
the development of new modeling methodologies and languages and the definition of standards for
information exchange all created new opportunities for integration. (Dikbas, Morten and Yitmen:
2000).

Integrated construction management systems had their early start with the automation of scheduling
and planning through the use of emerging Artificial Intelligence (Al) techniques (e.g., Levitt et al.
1988; Waugh 1990) as mentioned by (Rankin, Forese and Waugh: 1999). It was found that starting
from so-called "first principles" and regenerating all the necessary information that was required for a
single application, let alone integrated applications, was a challenging task. Work in this area then took
a turn towards integrating the applications that were more widely accepted (scheduling and estimating),
through the application of broader information technology approaches, with a higher level of
information representation and use of templates or libraries of knowledge structures (e.g., Yamazaki
1995; Strumpf et al. 1996) as mentioned by (Rankin, Forese and Waugh: 1999).

To date, it is generally accepted that integrated construction management systems will be conceptually
based on a central information source with which integrated applications and the industry participants
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will interact (O'Brien 1997) as mentioned by (Rankin, Forese and Waugh: 1999). (Rankin, Forese and
Waugh: 1999).

Limitations of Using Stand-alone AutoCAD in Construction Management:
1. inthe AEC industry have used today's CAD systems as simply automated drafting tools
2. Information is scattered about the project in an uncontrolled and uncoordinated way, on a
variety of information systems and media, so that the design cannot be viewed as a complete
entity
3. A problem with these stand-alone CAD applications for construction management is that they
are typically used primarily as drawing tools, and are not used to store construction management
related data within the drawing. (Marir, Aouad and Cooper: 1998)
Limitations of the Current Traditional Project Management Softwares:
1. These softwares provide sophisticated functions of analyzing the network models of a project
so0 as to scheduling the project
2. these softwares are applicable only to a prepared network model of a project
3. They are mainly used to carry out computations on input data provided by the construction
planner. The input data required normally comprise an activity list complete with their
estimated durations and logic dependencies
4. Even if the design is CAD-based, the data needed for establishing such model can not be
extracted directly by these softwares from the data existing already in the CAD drawings
generated at design phase while have to be re-input by the planner
If the construction schedule of a building can be generated directly and automatically from its drawings
provided at design phase, it will benefit in at least two ways:
a) To predict the construction schedule at design phase, hence to optimize the design from construction
view;
b) To fully utilize the data existing in the drawings for managerial purposes in construction phase,
such as scheduling and cost estimating, so as to reduce the tedious human manipulation of data and the
potential source for numerous errors. (Wang: 2001)

COMPUTER INTEGRATED CONSTRUCTION SYSTEMS

Computer integrated construction (CIC) systems had a tremendous potential to improve the
productivity of the construction industry. (Elzarka: 2001).

Computer Integrated Construction (CIC) as an example of how research and development could deliver
significant savings to the construction industry. The concept of (CIC) was that technical information
was entered into the computer system once and instantly made available electronically to all project
team members. (Frederick and Nancy: 2000).

Elzarka had defined the (CIC) as the use of computer system to integrate the management, planning,
design, construction, and operation of constructed facilities. CIC systems automate many of the labor-
intensive tasks associated with construction management of new facilities. Through the integration of
(3d, 2d) CAD models, database management systems and expert systems , CIC systems allow users to
automatically calculate material quantities from CAD models, test the constructability of the design
before actual construction; report construction progress graphically and improve collaboration between
project member. (Elzarka: 2001)

The main objective of CIC system is to communicate data to all project participants, throughout the
project’s entire life cycle and across business functions. (Elzarka: 2001)

The followings are the benefits of (CIC) systems:
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An architect transmitted Computer-Aided Design (CAD) files to a construction manager, who
automatically extracted areas and quantities for an accurate progress estimate and schedule. As the
design was refined, so were the estimate and the schedule.

1. Estimate quantities electronically linked to the schedule for projecting the value of work in
place. This allowed for easier and faster construction of a cost-loaded critical path schedule.

2. Suppliers’ data bases were made electronically available to designers and builders, who
extracted specifications, pricing, and availability information. For example, using a common
symbol library, a designer clicked the “door” symbol; all door suppliers were listed. The
designer clicked a particular price; availability information was listed.

3. A project’s filed office was electronically linked to the home office and design consultants for
communicating up-to-date design, schedule, and cost information. For example, a design
consultant in a remote location transmitted, rotated, and explained a construction detail on a
field superintendent’s computer. (Frederick and Nancy: 2000).

SYSTEM INTEGRATION DEFINITIONS

There are many definitions to system integration and the researcher will view the following:

(Thomas: 1992) had define the system integration as “a spectrum of application-linking and data-
sharing capabilities”.

(Wang: 2000) had define system integration as “the pass of information from one application to another
in a way that the information required can directly be used as the input for another application”.

(Sun: 1999) had define system integration as “the exchange of data between Architecture, Engineering,
and Construction applications”.

The researcher defines the system integration as “a system integration that allow various applications to
interoperate and exchange data with other applications”

DEVELOPMENT OF THE INTEGRATED SYSTEM

The integration of stand alone AutoCAD, Ms Excel and Ms Project using Visual Basic and Active X
Automation technology is proposed as an alternative approach to developing the Integrated
Construction System (ICS).

The integration of stand-alone CAD, spreadsheet, and scheduling software using Visual Basic is
proposed as an alternative approach to developing integrated systems. One advantage of this approach
is that the integration of existing software, already familiar to the user, achieves dramatic reductions in
the development effort as well as training time over conventional programming for systems with
similar scope.

The program was designed by using Visual Basic as control tool for sharing data between AutoCAD,
Ms Excel and Ms Project

THE SOFTWARE USED IN PROGRAM
1. Visual Basic and Visual Basic for Applications
e Stand-alone visual Basic is designed for general application development
e Visual Basic for Applications is the edition of Microsoft Visual Basic designed specifically to
provide development capabilities inside an off-the-shelf application
e One of the most advantage of programs developed using VB lies in their graphical user
interface GUI, which has the familiar Windows look that users are accustomed to. The same
features and controls, like list boxes, dialog boxes, option buttons, and command buttons, can
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be incorporated into the applications’ screen displays. Visual Basic is a graphically oriented
language, so mush of our program can be accomplished with the click of a mouse.
2. Auto Cad
e AutoCAD is one of the most widely used computer-aided design/drafting (CAD) products on
the market today. One of the main reasons for AutoCAD’s popularity is its flexibility
e Computer-aided design (CAD) has been widely used in the construction industry. Its use
however has been limited to drafting for so many years that it is sometimes referred to as
computer aided drafting.
3. Ms Excel
e Ms excel spreadsheets have gained wide acceptance for calculation and data analysis
e Tapping into the increasing capabilities modern computers, spreadsheet applications have been
up graded significantly in the last few years to include additional capabilities and presentation
options

4. MS project

e Ms Project is one of the famous programs that used mainly for scheduling of projects. It is
used as scheduling tools for construction projects and all other projects in the other
disciplines.

e Ms Project has multi view like critical path and Gant chart can be drawn.

e Various options like early start, late start or scheduling back words from the completion date
are available

e Important events may be highlighted by specifying them as “milestones”

e Various sub-projects or multiple networks can also be handled.

TYPES OF CONNECTIONS BETWEEN THE SOFTWARES
1. Dynamic Data Exchange (DDE)

e Originally created to allow two windows applications to communicate and exchange data

e DDE is the mechanism that allows two applications to “talk” to each other by continuously
exchanging data.

e In a DDE conversation, one application called the destination application, or client, initiates a
conversation with another application called the source application, or server.

e The information generally flows from the server, or source, to the client. If necessary, the process
can be reversed, where the client sends information back to the server.

2. Object Linking and Embedding (OLE)

e Object linking and embedding (OLE) has taken the capabilities of (DDE) a step further. Instead
of simply passing information from one application to another (OLE) allows information to be
presented in the same way it would appear in the original application

e The information can be embedded by simply copying it to the windows clipboard and pasting it
into another windows application

3. Active X Automation

e Active X is Microsoft’s term for “activating the internet” using the same technology used in other
windows application on the computer

e Using Active X Automation, the AutoCAD objects can be created and manipulated from any
application that serves as an automation controller.
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e It enables cross application macro programming-the ability to control one application, such as
AutoCAD, from a macro developed in another application, such as Microsoft Excel

e With Active X Automation, the features of many applications can be combined in a single
application.

e An Active X controls is a device created to perform a specific task in the used application

THE PROGRAM REQUIRMENTS
The program is built according to some requirements as follows:
1. AutoCAD drawing requirements
For water system and waste water system:
e Each pipe diameter should be drawn in a separate layer (for example pipe of diameter 300mm
draw in layer named DIM300).
e Each fitting should be drawn as a block (for example A-angle fitting drawn as block named A).
e For pump station and Gate valve also should be drawn as a block named (PUMP).
e Each manholes should be drawn as a block (for example AS manhole draw as block named AS)
For Irrigation project:

All channel type should be drawn in one layer named (LC).

The name of each channel should be entered directly after the draw of channel.

The name of each channel should be putted in layer named ID like (LC1/DC1/WC1).

The channels should be drawn in a sequence start from (LC) and then (DC) and (WC).

The cross sections drawing should be contain the (top level value, ground level value, and bed
level value); these values entered as text in different layer name like (TL for the top level
value), and so on.

e The sections should be named according to the related channel; the name should be entered in a
layer named (ADDRESS).

The sections should be drawn in a sequence from the first section to the last.

The channels and sections should be drawn in one drawing

AutoCAD scale should be (1:1).

The cost of the activities is estimated using material quantities that extracted from the

AutoCAD drawing and the cost information entered by the user (the information cost should be

as unit cost /meter).

4. The production rate for an activity is assumed to be fixed along the activity duration
(production rate should be as quantity/day).

5. The duration of the activities is estimated using material quantities that extracted from the
AutoCAD drawing and the productivity rate information entered by the user.

6. The precedence of the activities should be entered by the user.

W e e

THE PROGRAM DESCRIPTION
The Integrated Construction System (ICS) is developed to facilitate the construction management of
(water system, waste water system, and irrigation system) as case studies projects by integrating the
following off-the shelf applications:

1. AutoCAD for reading the required information and data of design.

2. Microsoft Excel spreadsheet to report the bill of quantities in a convenient spreadsheet format

for subsequent manipulation and printing.
3. Microsoft Project scheduling system to scheduling the project.

Available online @ iasj.net 3352



ﬁ*‘ Numberl Volume 15 march 2009 Journal of Engineering

All components of the program are integrated using Visual Basic and Active X Automation
technology. Figure (1) illustrates the integration achieved in the program.

Visual Basic
and
Active X

Fig (1) The integration model
To make another application’s objects available in the developed VB code, there is a need to set a
reference to that application’s object library. This can be done by clicking on the project command in
VB menu bar and selecting references. The references dialog box lists the references available to the
project. To add the AutoCAD objects, the check box next to the AutoCAD name should be selected.
The same process can be followed to make other application’s objects available in the code of the
program like MS Excel and Ms Project. As shown in figure (2).
Since AutoCAD drawing is essentially a data base, extracting and conveying information about
drawing entities is not necessary difficult. Active X Automation can be used to obtain key information
about the exposed AutoCAD objects and to send this information to a VBA-enabled application like
Excel. This approach is useful for the generation of tables like a bill of material or quantity summary.
When the list command is used in AutoCAD, certain characteristics are displayed for the entities
selected. For line, the values for the beginning point, end point, and length, as well as the layer name
and, of course, the entity type, and line can be seen. The access of much of same information with
Active X Automation can be preformed and put in to use in various ways, such as counting the number
of entities in a certain layer, or tallying up the total length of certain lines.
The AutoCAD data base is the central repository of all data is stored in the AutoCAD model. It
contains the information required to support the activities of cost estimating and scheduling.
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References - Project1.vbp @
. Available References: Ok,

| Yizual Basic For Applications A Cancel
| Yizual Basic runtime objects and procedures
w|Yizual Basic objects and procedures

w| OLE Automation Browse...
| AutoCAD 2006 Tvpe Library

v Microsoft Project 11,0 Object Library ﬂ
EdiMicrosoft Excel 11,0 Obiect Library

f

185 Helper COM Component 1,0 Type Library Priarity

145 RADIUS Prokocal 1.0 Type Library Help
AAC Decoder 1.0 Type Library ﬂ

BAC Encoder 1.0 Type Library

AchuthEntities 16EMUL L 1.0 Type Library
AcDrZarmman 1.0 Type Library
ArMnanFitarTmn 1.0 Tvne |ibears

£ ¥

Micrasaft Excel 11,0 Object Library

Locakion:  Ci\Program FilesiMicrosoft OFfice\OFFICEL 1\EXCEL EXE
4 Language: Standard

Figure (2) References dialog box

THE IMPLEMENTATION OF THE PROGRAM

Case Study One (Water System Network)
The layout drawing of the water system network is shown in figure (3) for the water system of the
Islamic University in Baghdad. The output of the program is as follows:
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By e .

Figure (3) The Islamic University in Baghdad water system network
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1. Excel presentation quantity takes off: as shown in table (1) below

Table (1) The Excel presentation quantity takes off of program

Item aty unit |Cost |UNIT |DURATION |UNIT
DIM100 1029.00|meter | 10290(ID 21|DAY
DIM150 283.00|meter | 2830|ID 6|DAY
DIM200 255.00|meter | 2550(ID 5|DAY
DIM250 301.00|meter | 3010|ID 6|DAY
DIM300 267.00|meter | 2670(ID 5|DAY
J 2.00|each 20|ID 1|DAY
A 12.00|each 120|ID 6|DAY
T 36.00|each 360(ID 18|DAY
GATE VALVE 3.00|each 30|ID 2|DAY
PUMP 2.00|each 20|ID 1|DAY

2. Ms Project scheduling presentation: as shown in table (2) below

Table (2) The Ms Project scheduling presentation of program

ID Task Name Duration Start n2l ‘06 Feb25,'06  |Apr
o TIF[s[s[m

1 DIM100 21 days Mon 2/6/06 :
2 DIM150 6 days Wed 2/8/06

3 DIM200 5 days Thu 2/16/06

4 DIM250 6 days Thu 2/23/06

5 DIM300 5days Fri 3/3/06

6 J 1day Fri 3/10/06

7 A 6 days Mon 3/13/06

8 T 18 days Fri 3/10/06

9 GATE VALVE 2 days Wed 4/5/06

The hand calculations as shown in table (3) below:
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Table (3) The quantity takes off by hand calculation
Dim 250 Dim 300 Dim Dim Dim
(meter) (meter) 200(meter) 150(meter) 100(meter) J-junction
69.79 147.47 24.32 33.98 23.24 SUM=2 unit
62.03 96.73 56.03 33.81 39.63 A-angle
19.25 10.87 21.3 25.21 89.75 SUM=12 unit
38.12 6.05 27.69 29.61 28.48 T-node
18.8 2.48 96.86 42.59 42.56 SUM=36unit
GATE
92.7 2.45 28.65 36.53 30.98 VALVE
254.85 28.2 16.68 SUM=3unit
SUM=300.69m SUM=266.05m SUM=254.85m 35.48 42.96 PUMP
17.16 151.55 SUM=2unit
91.26
SUM=282.57m 179.03
20.53
21.22
39.57
17.84
57.02
99.58
36.53
SUM=1028.41
m

Case study two (Waste Water System Network)

The layout drawing of the waste water system network is shown in figure (4) for the waste water
system of the Al-Nahrain University. The output of the program is as follows:
1. Excel presentation quantity takes off: as shown in table (4) below

Table (4) The Excel presentation quantity takes off of program

Item qty unit cost UNIT | DURATION | UNIT
DIM250 1211633.00 | meter | 12116330 | ID 121 | DAY
DIM300 602171.00 | meter | 6021710 | ID 60 | DAY
DIM400 430863.00 | meter | 4308630 | ID 43 | DAY
AS 26.00 | each 260 | ID 26 | DAY
BS 19.00 | each 190 | ID 19 | DAY
CS 1.00 | each 10 | ID 1 | DAY
BD 5.00 | each 50 | ID 5 | DAY
CD 1.00 | each 10 | ID 1 | DAY
PUMP

STATION 1.00 | each 10 | ID 1 | DAY
VENT PIPE 1.00 | each 10 | ID 1 | DAY

3357
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2. Ms Project scheduling presentation: as shown in table (5) below

Table (5) The Ms Project scheduling presentation of program

D TaskName Duration 5% o[6ct 14, '0{ Dec 16, '0[Feb 17, '0] Apr 21, ‘07t
a Fls|[s|Mm[T[w|T|F[s]s

1 DIM250 121 days 5 B

2 DIM300 60 days

3 DIM400 43 days

4 AS 26 days

5 BS 19 days

6 CS 1 day

7 BD 5 days

8 CcD 1 day

9 PUMP STATION 1 day

10 VENT PIPE 1 day

Available online @ iasj.net 3359




R.H. Al- Suhaili Building An Integrated System For Management
Z.J. Fadhal Of Projects Some Water Projects As A Case Study

= " Y Y (U N Y [y Ry R R Y
e B CE LRI IR
N B B .. Y

HEca|ala| AEEEE 5 5 2| a) E5| 6|6 I 5 N G =

eI R L]

Figure (4) The Al-Nahrain University waste water system network
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The hand calculations as shown in table (6) below:

Table (6) The quantity takes off by hand calculation

Dim400(meter) Dim300(meter) Dim250(meter) AS
37299 39809 35043 SUM=26unit
37372 33809 35764 BS
37354 34402 41643 SUM=19unit
25049 40509 45452 CS
24876 49574 47509 SUM=19unit

211278 40803 34262 BD
20165 40879 33849 SUM=5unit
36955 39810 43803 CD

515 39811 43800 SUM=1unit
SUM=430863meter 39750 43806 PUMP STATION

48158 43807 SUM=1unit
48107 41183 VENT PIPE
35747 41334 SUM=1unit

35508 37370

35495 37370

SUM=602171meter 42373

42374

41340

41340

44863

43803

40885

40885

40989

40995

41379

43804

48002

26303

26303

SUM=1211633
meter

Case study three (Irrigation System)
The layout of the irrigation system is shown in figure (5a, b). This layout is a proposal. Three sections
for each canal were taken. The output of the program is as follows:
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Figure (5a) The proposed irrigation system
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Figure (5B) The proposed irrigation system
1. Excel presentation quantity takes off: as shown in table (7a) and (7b) below:

Table (7a) The Excel presentation quantity takes off of program

ID length UNIT | AC | AF UNIT VC VE UNIT
Icl 12000.00 | meter | 6.43 | 12.26 | sqg. meter | 643.00 | 1226.00 | meter*3
Icl/dcl 3250.00 | meter | 3.03 | 13.06 | sq. meter | 303.13 | 1306.25 | meter3

Icl/dcl/wcl 1180.00 | meter | 1.34 | 10.44 | sg. meter | 134.38 | 1043.75 | meter"3
Icl/dcl/wc2 1195.00 | meter | 1.16 | 11.12 | sg. meter | 116.00 | 1112.00 | meter"3
Icl/dcl/wce3 1190.00 | meter | 1.44 | 9.92 | sq. meter | 143.63 | 992.25 | meter™3
Icl/dcl/wc4 1195.00 | meter | 1.32 | 10.04 | sq. meter | 132.00 | 1004.00 | meter"3
Ic1l/dcl/wch 1200.00 | meter | 1.20 | 10.84 | sq. meter | 119.63 | 1084.25 | meter"3
Ic1l/dcl/wc6 1195.00 | meter | 1.20 | 10.84 | sq. meter | 119.63 | 1084.25 | meter"3
Icl/dcl/wc7 1220.00 | meter | 1.72 | 8.39 | sq. meter | 172.13 | 839.25 | meter"3
Icl/dcl/wc8 1195.00 | meter | 1.13 | 11.06 | sg. meter | 112.75 | 1105.50 | meter"3
Ic1l/dcl/wc9 1260.00 | meter | 2.33 | 5.40 | sq. meter | 232.63 | 540.25 | meter"3
Icl/dcl/wcl0 | 1195.00 | meter | 1.96 | 7.12 | sq. meter | 196.00 | 712.00 | meter*3
Icl/dcl/wecll | 1275.00 | meter | 1.94 | 7.09 | sq. meter | 194.25 | 708.50 | meter"3
Icl/dcl/wecl2 | 1195.00 | meter | 2.09 | 6.34 | sq. meter | 209.38 | 633.75 | meter*3
Icl/dcl/wecl3 | 1275.00 | meter | 1.03 | 11.90 | sq. meter | 102.63 | 1190.25 | meter*3
Icl/dcl/wcl4d | 1075.00 | meter | 2.32 | 5.73 | sq. meter | 231.50 | 573.00 | meter"3
Ic1l/dc3 2750.00 | meter | 2.59 | 14.99 | sg. meter | 259.25 | 1498.50 | meter"3
Icl/dc3/wc2 1070.00 | meter | 1.62 | 8.55 | sg. meter | 162.25 | 854.50 | meter"3
Icl/dc3/wc4 1070.00 | meter | 1.27 | 10.98 | sq. meter | 126.63 | 1098.25 | meter"3
Ic1/dc3/wcb 1070.00 | meter | 1.34 | 10.42 | sq. meter | 133.63 | 1042.25 | meter"3
Ic1/dc3/wc8 1070.00 | meter | 1.14 | 11.44 | sq. meter | 114.38 | 1143.75 | meter"3
Ic1/dc3/wcl0 | 1070.00 | meter | 1.00 | 12.20 | sq. meter | 100.00 | 1220.00 | meter"3
Icl/dc3/wcl2 700.00 | meter | 1.42 | 9.53 | sq. meter | 141.50 | 953.00 | meter*3
Ic1/dc5 2250.00 | meter | 2.67 | 14.34 | sq. meter | 267.00 | 1434.00 | meter™3
Ic1/dc5/we2 1070.00 | meter | 1.34 | 10.77 | sq. meter | 133.50 | 1077.00 | meter™3
Ic1/dc5/wc4 1070.00 | meter | 1.72 | 7.96 | sq. meter | 171.56 | 796.11 | meter"3
Ic1/dc5/wc6 1070.00 | meter | 1.19 | 10.76 | sq. meter | 119.18 | 1076.36 | meter"3
Ic1/dc5/wc8 1070.00 | meter | 2.67 | 4.34 | sq. meter | 266.75 | 433.50 | meter™3
Ic1/dc5/wecl0 | 1070.00 | meter | 0.81 | 13.22 | sg. meter | 80.75 | 1321.50 | meter"3
Icl/dc7 2250.00 | meter | 1.38 | 22.15 | sq. meter | 137.50 | 2215.00 | meter3
Icl/dc7/wc2 1020.00 | meter | 2.15 | 6.11 | sg. meter | 215.25 | 610.50 | meter"3
Icl/dc7/wc4 1020.00 | meter | 0.96 | 12.46 | sg. meter | 95.63 | 1246.25 | meter"3
Ic1/dc7/wcb 1020.00 | meter | 0.99 | 12.18 | sqg. meter | 99.00 | 1218.00 | meter™3
Icl/dc7/wc8 1020.00 | meter | 2.01 | 6.87 | sg. meter | 200.88 | 686.75 | meter"3
Icl/dc7/wecl0 | 1020.00 | meter | 1.09 | 11.34 | sq. meter | 109.38 | 1133.75 | meter3

Available online @ iasj.net 3364



)n*‘ Numberl Volume 15 march 2009 Journal of Engineering

Table (7b) The Excel presentation quantity takes off of program

CUT COST | UNIT | FILL COST | UNIT | duration | UNIT
6430 | ID 12260 | ID 120 | day
3031.25 | ID 13062.5 | ID 33 | day
1343.75 | ID 10437.5 | ID 12 | day
1160 | ID 11120 | ID 12 | day
1436.25 | ID 99225 | ID 12 | day
1320 | ID 10040 | ID 12 | day
1196.25 | ID 108425 | ID 12 | day
1196.25 | ID 108425 | ID 12 | day
1721.25 | ID 83925 | ID 12 | day
11275 | ID 11055 | ID 12 | day
2326.25 | ID 5402.5 | ID 13 | day
1960 | ID 7120 | ID 12 | day
19425 | ID 7085 | ID 13 | day
2093.75 | ID 6337.5 | ID 12 | day
1026.25 | ID 119025 | ID 13 | day
2315 | ID 5730 | ID 11 | day
25925 | ID 14985 | ID 28 | day
1622.5 | ID 8545 | ID 11 | day
1266.25 | ID 10982.5 | ID 11 | day
1336.25 | ID 104225 | ID 11 | day
1143.75 | ID 114375 | ID 11 | day
1000 | ID 12200 | ID 11 | day
1415 | ID 9530 | ID 7 | day
2670 | ID 14340 | ID 23 | day
1335 | ID 10770 | ID 11 | day
1715.55 | ID 7961.1 | ID 11 | day
1191.8 | ID 10763.6 | ID 11 | day
2667.5 | ID 4335 | ID 11 | day
807.5 | ID 13215 | ID 11 | day
1375 | ID 22150 | ID 23 | day
21525 | ID 6105 | ID 10 | day
956.25 | ID 124625 | ID 10 | day
990 | ID 12180 | ID 10 | day
2008.75 | ID 6867.5 | ID 10 | day
1093.75 | ID 113375 | ID 10 | day
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2. Ms Project scheduling presentation: as shown in table (8) below

Table (8) The Ms Project scheduling presentation of program

ID Task Name Duration Start %6 Oct 14,'06 | Dec 30,'06
o Flsls |m|T

1 Ic1 120days =~ Mon 1023006 :

2 Icl/dc1 33days | Mon 11/20/06 i

3 Icl/dc el 12days | Mon 1127106 )

4 Icl/dc mc2 12days = Mon 11/27/06 LV

5 Icldenc3 12das | ThullB006 | b

6 Icl/dcnca 22days | Thu1130006 | b

7 lcl/dc1inc5 12das = Wed12/6/06 | e

8 IcVdc1mc6 12days |~ Wed 12/6/06 T |

9 Icl/dc1me7 12days | Mon 12/11/06 — M

10 IcldcUnc8 12days | Mon 12/11/06 |-

1 Icl/dc1mc9 13das | Mon 1218006 | e

© lcl/deUmc 10 12days = Mon 1218006 | —E

13 Icl/dc1me11 13days =~ Mon 1225/06 | [ —

14 lcl/de e 12 12days =~ Mon 1225006 |y —...

15 Icl/dcnc13 13das | Mon 1/1/07 | ——EE

16 IcVdc Unc14 lldas = Mon 107 |

17 Icl/dc3 28days  Mon 12/18/06 ;

18 lcl/dc3me?2 1ldas Thu12R106 T

19 Icl/dc3mca 1das = Tue 12126006 )
2 Icl/dc3mece lldas = Fri 1212906 R
21 Icl/dc3mes 11 days Wed /307 —EE
2 Icl/dc3mc 10 11 days Mon 1/8/07 — )
2 Icl/dc3mc12 7days | Thul/1107 SRR,
% lcl/dc5 23days | Mon 12907
5 lcl/de5me?2 lldas = Thuz/yo? L hEB
2% Icl/dc5mca 11 days Tue 2/6/07 L e
27 Icldc5nc6 11das Fri 21907 - e
28 Icl/dc5Me8 ldas = Wed 21407 L
2 lcl/de5me10 1ldas = Mon 21907 - L
0 Icldc? 23days |~ Mon 31207 : :
31 lcl/dc7wc2 10days Fri 3/16/07
2 Ic1/dc7ic4 10das | Thug22007
3 Icl/de 7hc6 10days =~ Wed328/07
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The hand calculations as shown in table (9) below:

Table (4-12) The quantity takes off by hand calculation

ID length UNIT | AC | AF UNIT VC VE UNIT

Icl 12000.00 | meter | 6.43 | 12.26 | sg. meter | 321.50 | 613.00 | meter3
Icl/dcl 3250.00 | meter | 3.03 | 13.06 | sq. meter | 151.56 | 653.13 | meter"3
Icl/dcl/wecl | 1180.00 | meter | 1.34 | 10.44 | sq. meter | 67.19 | 521.88 | meter"3

CUT COST | UNIT | FILL COST | UNIT | duration | UNIT
3215 | ID 6130 | ID 240 | day
1515.625 | ID 6531.25 | ID 65 | day
671.875 | ID 5218.75 | ID 23 | day

As shown from the two out put of the program and hand calculation there is no any difference
between the two estimates of quantities. But the estimate of the program can achieve in easy way and
in short time.

CONCLUSIONS

1. This research described in details the development and application of a Computer Integrated System
(CIS) aiming at illuminating the idea of data sharing in construction management phases of a project.

2. (CIS) which was developed with Visual Basic and Active X Automation technique, can
automatically interpret AutoCAD drawing of a (water system, waste water system, and irrigation
system), extract the data needed for construction management and generate a bill of quantities and
schedule.

3. The presented examples shows that the bill of quantities and the schedule generated by (CIS) for the
sample projects are practical and applicable and the integrated system do the work efficiently.

4. The process of the developed system is so easy and can be achieved by just a mouse clicking and
entering the required information’s for cost and duration estimation.

5. The ability to develop a Computer Integrated System (CIS) should entice more contractors to use
these systems. The AutoCAD software available today, with its ability to link to external programs has
made such development possible. The utilization of (CIS) systems will become more and more
important as the popularity of the design/build project delivery system continues to increase. In the
design/build approach, more business functions are performed by the same company and as a result,
their integration to share data becomes more vital.

6. (CIS) has automatically changed the drawing items to digital numbers and the user can deal with
these digital numbers in an easy way more than the drawing items.

7. If there is any change in the design of drawings the project manger can easily re-run the program to
get the correct quantities again and to check it before and after change with respect to cost and
duration.
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ANALYSIS OF CONSOLIDATION BEHAVIOR OF SUBSOILS
UNDER CYCLIC TRAPEZOIDAL LOADING

Zainab Ahmed Alkaissi Duraid Ali Al Khafagy
Al-Mustansiriya University University of Babylon
College of Eng. College of Eng.
ABSTRACT:

This paper is aiming to develop a numerical procedure using the finite element method for the
analysis of soil consolidation by taking into consideration the loading and unloading cycles with
particular emphases on the pore pressure built up. The study is concerned with trapezoidal cyclic
loading. The shear stresses that are developed in the subsoil due to cyclic loading cause shear strains
and change in the mean normal stresses due to distortion of soil element. Biot’s consolidation theory
that adopted in this study may be able to take these changes into consideration. The results indicated
that the excess pore water pressure increases with load cycles and finally, a steady state conditions are
reached. This may be attributed to the undrained cyclic shearing stresses to the origin initial cyclic
shear stress ratio. Also it can be explained that when the load is applied very fast the collapse load
approaches that undrained conditions, whereas when the load is applied very slowly the collapse load
approaches that under drained conditions. When the elastoplastic model is considered the pore pressure
are considerably larger than those predicted by the elastic consolidation analysis. This can be attributed
to the plastic volume strain that have been taken into consideration in the elastoplastic model.
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INTRODUCTION

An important subject in soil mechanics and geotechnical engineering is to analyze the
deformation behavior of soils, which may be fully or partially saturated with water. The deformation is
coupled with the generation of pore water pressure. This kind of behavior is generally called
consolidation.

It is obvious that both quality and performance of roads and other geotechnical structures will
largely depend on the mechanical behavior of subsoils, especially the time-dependent response under
cyclic loading. Computer modeling with finite element method is one of the most popular numerical
methods currently used in modeling response of road subsoil. In this paper the term subsoil means the
natural soil below a road embankment, and the term embankment includes all soil layers above natural
ground surface.

A large number of constitutive models have been proposed to describe the deformation behavior
of soils. Most of these models can be classified into one of the following categories: elastic,
elastoplastic, elasto-viscoplastic models. Among the elastoplastic models there are perfectly plastic,
isotropic hardening and kinematic hardening models. Since the constitutive models presented in this
study will be used mainly for analysis of soils under monotonic trapezoidal cyclic loading, the
isotropic hardening models will suffice for the purpose.

Schiffman (1958) first obtained a general solution of soil consolidation considering loading increase
linearly with time. Wilson and Elgohary (1974) presented an analytical solution of one-dimensional
consolidation of saturated soil subjected to cyclic loading based on Terzighi’s linear consolidation
theory.

Alonso and Krizek (1974) considered the settlement of elastic soft soil under stochastic loading.
Baligh and Levadoux (1978) developed a simple prediction method for one-dimensional consolidation
of clay layer subjected to cyclic rectangular loading with the superposition principle.

More recently, Favaretti and Soranzo (1995), Guan et.al. (2003) derived some solution for different
types of cyclic loading.

* BIOT CONSOLIDATION THEORY

Consolidation theory is the mathematical theory describing the dissipation of excess pore
pressure and associated deformation of the soil (Lambe and Whitman, 1969). Most of the
consolidation problems in two and three dimensions are analyzed based on two basic approaches. The
first was developed from diffusion theory by Terzighi and Rendulic. The second was developed
directly from elastic theory by Biot (Scott, 1978). In Biot consolidation theory the soil skeleton is
treated as a porous elastic solid and the laminar porefluid is coupled to the solid by the conditions of
compressibility and continuity (Smith and Griffithes ,1998).
Biot’s covering equations for two or three dimensional consolidations theory is given by:

N _ ¢ vy + 29 (1)
ot

Where:
U : €excess pore water pressure.
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1
o :mean normal stress = g(o-xx +o, +0,)

Z—L: : variation of pore pressure with time.

V?: Laplace’s operator.
C, : coefficient of consolidation.

Mandel (1953), showed the same behavior by solving Biot equations for a rectangular section with
drainage permitted along both sides only (Scott, 1978).

Smith and Hoobbs(1976), implemented Biot’s theory of consolidation by means of finite elements in
the solution of field consolidation problems. The method allows for simultaneous changes in geometry,
loading and material properties during and after construction and the calculated results are compared
with field measurements.The shear stresses that are developed in the subgrade soil or subsoft soil due
to cyclic trapezoidal loading cause shear strains and change in the mean normal stresses due to
distortion of soil element. Biot’s consolidation theory may be able to take these changes into
consideration. For this reason this theory is adopted in the present study.

*FINITE ELEMENT SOLUTION OF COUPLED PROBLEM:

The finite element method is the most powerful technique for numerical analysis. It can be used
to solve many classes of problems and also it can take into account both linear and non-linear material
properties which may be formulated in terms of either total or effective stress (Scott, 1978).

In the analysis of Biot consolidation theory, the soil is treated as a porous elastic solid and the
laminar pore fluid is coupled to the solid by the conditions of compressibility and continuity (Smith
and Griffithes, 1998).

Thus the Biot’s governing equation is given by:

()

’ 2 2 2
K’ kxau2W+kyau2W+kzau2W _ou, op
Y X oy oz ot ot

Where:
K’ : soil bulk modulus.
p : mean total stress.

Kx: permeability in the x-direction.
Ky: permeability in the y-direction.
Kz: permeability in the z-direction.

Due to coupling of fluid and solid phases the applied total stress (o) are divided between a portion
carried by the soil skeleton called the effective stress (o')and a portion carried by the pore water
called the pore pressure and denoted by (u,) .

In the absence of body forces, and for z- dimension problems, the equations to be solved are the
following:

1) EQUILIBRIUM
The gradient of effective stress is given in equation below (Timoshinko and Goodier, 1970):

Available online @ iasj.net 3323



Z. A. Alkaissi Analysis of Consolidation Behavior of Subsoils
D. A.Al Khafagy under Cyclic Trapezoidal Loading
oo or
— X4 -y + Fx —
oX oy
©)
or,, 0o

—+—L+F, =0
OX

The gradients of the fluid pressure (u,,) are given as:

oo, +5TXY +8UW 0
oXx oy oX

(4)

oz, 0o, L 0u, _

r

+ =0
ox oy oy

2) Constitutive Relation

The constitutive laws for the solid and fluid respectively, are shown below for plane strain (Smith and
Griffiths, 1998):

o, e 1 v 0 |le
o,r=—— v 1 0 Qe (5)
1-v 1-v
Txy 0 0 T Xy
au,,
d, 11k, O
-= x (6)
q ] 7|0 ky My
oy
Where:
d,,d, :the volumetric flow rate per unit area into and out of the element.
Y : the unit weight of water.

In the case of incompressibility the out flow from an element of soil equals the reduction in volume of
the element:

0
%4_&:_2 a_u @4_@ (7)
ox oz ot\ox oy 06
From (EQ.6), the third differential equation is given by:

2 k 2
&a UZW +_ya u2W +2 8_U+@+@ =0 (8)
Yu OX° y, Oy° ot\ox oy 06

The equilibrium and continuity equations for Biot consolidation are given by:
[KMx+[Clu, = f (9)

[cT %—[KP]UW =0

Where:
(KM) and (KP) are the solid and fluid stiffness respectively.
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For the same linear shape functions govern the variation of pore water pressure and displacements
within an element, the connection coupling matrix C is given as shown (Smith and Griffiths,1998):

C= I I vol* FUNxdxdy (10)

Where:
FUN : array held the shape function in terms of local coordinates.
Vol :volumetric strain vector of an element.

The matrix product is called VOLF and C is numerically integrated as:
NIP

C =) DET, *weights (i) *\VOLF, *R (11)
1=1
Where:
NIP . is the number of integrated points.
DET . 1s the determinant of Jacobian matrix.
Weights(l) : is the weighting coefficient corresponding to the particular integrating point.
R : the radial coordinate of each Gauss point.

After assembly into global matrices, equation (9) must be integrated in time using finite differences
method as shown by:

OKMx, —6Cu,, = (0 —1)KMx, + (0 —1)Cu,,, + f (12)
&CTx, —O°AtKPu,,, = C" x, —0(0 —)AtKPu,,
Where:

f s the total force applied
6 : parameter in implicit time-stepping (3 <6<1).

* EXPERIMENTAL WORK
Undrained Triaxial Test

In undrained triaxial test the vertical and horizontal stresses are kept constant, after an initial
shear stress, q has been applied. The properties of soil specimen are shown in Table (1), Under
relatively small applied shear stresses (about 30% of the shear strength as determined in conventional
tests) the creep movements are small while the excess pore water pressure increases. Under shear
stresses of still higher intensity, an acceleration of the creep rate takes place followed by complete
failure of the specimen (creep rupture).

As for the constant strain rate tests, the triaxial test had been completed by initially consolidating
the samples under an effective confining pressure of 525 kPa and the test were performed at the
constant shear stress of q=278.3 kPa. The results of the triaxial test were obtained and used for
verification of the finite element program (ZCONS).

A comparison is made between the results obtained by the present finite element analysis and the
triaxial test results. A good agreement is indicated as shown in Fig. (1).
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Fig. 1 Verification of Finite Element Computer Program ZCONS.

* RESULTS AND DISCUSSIONS
Finite Element Program

The computer oriented finite element method has become one of the most powerful tools in the
analysis of the engineering problems. It has unified the analysis of any type of structures under
boundary and loading conditions to one basic fundamental procedure. To carry out the analysis of this
study, the finite element program ZCONS written in Fortran 90 language is developed. Which is
primarily based on the program presented by (AL-Kaissi, 2001) for the analysis of elasto plastic
constitutive relations. Extensive modifications and newly added subroutines are found necessary to
incorporate the case study. ID program is divided into ten major parts with subroutine hierarchy ,as
shown in Appendix (A). The basic finite steps are performed by primary subroutines, which rely on
auxiliary subroutines to carry out secondary operations. An auxiliary subroutine may be required by
more than subroutine, as shown in Appendix (A). The order of calling of the primary subroutine is
controlled by a main or master routine.
The finite element program is utilized in conjunction with Biot’s consolidation theory and the soil is
treated as an elasto-plastic material basing on Mohr-Coulomb failure criterion. A quadrilateral hybrid
element eight nodded regarding displacement four nodded for pore water pressure is adopted in the
present analysis. The finite element method has been used together with Crank-Nicolson time
discrietization and constant time steps. The displacement, rate of consolidation and pore pressure are
evaluated by means of computer program which is modified to suit the objectives of this study.

CASE STUDY

Application of the proposed finite element program to a case study, the values of soil parameters
used in the analysis where obtained from previous study presented by (Mannesmanne, 1974) regarding
the soil investigation report about the Fao region in the far south part of Irag. Table (1) displays the
parameters regarding the clay layer and the finite element mesh used for analysis is shown in Fig. 2.
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Table 1. Material Properties of the Soil.

Soil Parameters Silty Clay
E(kN/m*) 2108
1% 0.35
k, (m/day) 4.33x10
k, (m/day) 8.67x10 °
C (kN/m?) 9.2
¢ 30.0
v' 0.0

This study deals with the generation and dissipation of pore water pressure and the rate of
consolidation under loading and unloading cycle and their influences in the subsoils layer. This paper
presents the finite element numerical procedure to study the consolidation problem by taking into
consideration the loading and unloading cycles with particular emphases on the pore pressure built up.
The model used to simulate this problem assumes a soil stratum with thickness H, vertical and radial
permeability coefficientk,, k, as shown in Table (1) with the others parameters regarding the clay

layer that have been used in the finite element program ZCONS.

Drained
\ Ll L
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Fig. 2 The Finite Element Mesh.
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The soil layer is subjected to a vertical trapezoidal loading as shown in Fig. (3), also the
rectangular cyclic loading also considered in this study. In which q, is the maximum load, t, is cyclic

loading time. Fig. (4) shows the variation of consolidation with load cycles (loading and unloading). It
can be seen from this figure, that for a given load cycle, the degree of consolidation for each cycle
reaches the maximum value at the end of the constant loading phase and the minimum value at the
beginning of the next cycle (i.e. at the end of the unloading cycle).

In Fig. (5) the effect of loading type is shown. The influence of loading type on consolidation process,
from which it can be seen that it more significant for trapezoidal loading. (Since it simulate the actual
traffic loading on soil). Fig. (6) was plotted to investigate the influence of construction time on
consolidation, here Tv time factor is varying, it can be seen that the longer the construction time which
means the greater time factor, the slower the rate of consolidation.

Also Fig. (7) presents the excess pore water pressure distribution with depth at maximum applied load
of one cycle for different number of load cycles. We obtain from this figure that pore pressures build
up increase. Additionally, a steady state conditions is reached between cycles (4) to (7). Since the
excess pore water pressure is affected by changes in mean total stress, it may continue to increase for
some time after the application of load cycle. This may be attributed to the undrained cyclic shearing
stresses with the origin initial cyclic shear stress ratio, where shear stress ratio is defined as the cyclic
shear stress on the horizontal plane over the initial vertical stress.

Figs. (8) and (9) show the analysis of collapse load response with the axial deformation. For the
applied stress or load on the soil, the load is assumed to be as shown in Fig. (3).

At some given rate of loading, this is defined as:

dg
=— 13
@ dTv (13)

Where Tv is the non-dimensional time factor, with H (one way drainage conditions) being the drainage
length. And different values are used to obtain different rates of loading.

The collapse load under drained and undrained conditions can be estimated. The load deformation
curves obtained for two different loading rates are shown in Fig. (8) and (9). From these figures it can
obtained that when the load is applied very fast the collapse load approaches that undrained conditions,
where as the load is applied very slowly the collapse load approaches that under drained conditions.

To study the effects of plasticity model of soil on consolidation analysis, elastic and elastoplastic
consolidation model are compared as shown in Fig. (10) and (11) respectively.

From these figures it can be seen that when the elastoplastic model is considered the pore pressure are
considerably larger than those predicted by the elastic consolidation model analysis as shown in Fig.
(10), which may be attributed to the plastic strain that have been taken into consideration in the
elastoplastic model.

Also Fig. (11) shows that the rate of consolidation takes a longer time to complete when the nonlinear
elastoplastic model is considered.
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Fig. 3 Loading Types: a) Trapezoidal loading
b) Rectangular loading
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Fig. 4 Variation of Degree of Consolidation with Load Cycles.
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Fig. 6 Effect of Time Factor on Consolidation Rate for different number of load cycles)
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Fig. 7 Distribution of Excess Pore Water Pressure with Depth for Different Load
Cycles.
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Fig. 9 Response of Collapse Load at slow rate of Loading.
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Fig. 10 Comparisons of Consolidations for Two Models.
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Fig. 11 Comparisons of Pore water Pressure for Two Models.

* CONCLUSIONS
The main conclusions that can be drawn from this study are the following:
1. For agiven load cycle, the degree of consolidation for each cycle reaches the maximum value at
the end of the constant loading phase and the minimum value at the beginning of the next cycle
(i.e. at the end of the unloading cycle).
2. The excess pore water pressure increased with load cycles and finally, steady state conditions are
reached between cycles 4 to 7. Since the excess pore water pressure is affected by changes in
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mean total stress, it may continue to increase for some time after the application of load cycle.
This may be attributed to the undrained cyclic shearing stresses with the origin initial cyclic
shear stress ratio, where shear stress ratio is defined as the cyclic shear stress on the horizontal
plane over the initial vertical stress.

3. The loading type affects the consolidation process, from results it can be seen that it is more
significant for trapezoidal loading. (Since it simulate the actual repeated traffic loading on soil).

4. Analysis on collapse load has been carried out, it can be obtained that when the load is applied
very fast the collapse load approaches that undrained conditions, where as the load is applied
very slowly the collapse load approaches that under drained conditions.

5. When the elastoplastic model is considered the pore pressures are considerably larger than those
predicted by the elastic consolidation model analysis. This can be attributed to the plastic
volume strain that have been taken into consideration in the elastoplastic model. Also the rate of
consolidation takes a longer time to complete when the nonlinear elastoplastic model is
considered.
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List of Symbols

Description

Modulus of elasticity
Poisson’s ratio

Cohesion

Coefficient of consolidation

Excess pore water pressure
Mean normal stress

Laplace’s operator

Soil bulk modulus
Volumetric flow rate per unit area

Permeability in X, y direction
Unit weight of water

Solid and fluid stiffness matrices

Array held the shape function
Volumetric strain vector of an
element

Determinant of Jacobian matrix
Number of Gauss

Parameter in implicit time-stepping
Time interval

Total normal stress in X,y and z
direction

Shear stress

Angle of shearing resistance

Angle of dilation
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Appendix A

Flow Chart of Computer Program (ZCONS)
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ZCONS
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ABSTRACT

High Performance Concrete (HPC) is considered as one of the most important
products known by the construction industries during the last years in the field of
producing new and improved types of concrete. This new type of concrete has an
essential importance due to its high compressive strength, superior resistance for
external salt attack and its low permeability.

This paper is concerned with experimental investigations for evaluation of high
performance concrete using a new type, locally available pozzolan. The results are
compared with that obtained from using well known micro silica. The experimental
work also includes the possibility of activation in order to improve the quality of
HPC; the experiments mainly deal with the chemical analysis and the selection for the
optimum dosages of additive. The properties of HPC are studied in both fresh and
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hardened stages. The effect of pozzolan additive on shrinkage was also considered to
provide an index for the durability of concrete.
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NONLINEAR ANALYSES OF PARTIALLY COMPOSITE
STEEL BEAMS ENCASED IN CONCRETE WITH
INNOVATIVE POSITION OF STUD BOLTS

Raad K. Shukur
Asst. Profesor /Civil Eng. Dept.
College of Eng. / University of Baghdad.

ABSTRACT:

Static behavior of three partially encased composite steel beams with cambering under
flexural condition is investigated in the context of studying some alternative positions for the
headed studs. Shear resistance between the cambered I-shaped beam and the concrete was
provided by headed studs in two positions: vertically welded on the bottom flange and
horizontally welded on the faces of the web. In the present study, a nonlinear three-dimensional
finite element analysis has been used to predict the load-deflection and moment-rotation
behaviors of composite encased beams consisting of steel sections using the finite element
computer program (ANSYS V. 10). Composite encased beams are analyzed and a comparison is
made with available experimental load-deflection curves, good agreement with the experimental
results is observed. Cambering of steel section is introduced on the steel section of the
composite beams encased in concrete. It is found that using of steel section with cambering can
increase the ultimate load capacity of the composite encased beam by relatively (15%) and also
it is found that deflection are nearly (65% to 80%) the deflection of the same beam without
cambering. Parametric studies have been carried out to study the increasing of the moment-
carrying capacity due to the use of encased concrete; meanwhile the slip along the beams length
is studied. The strain distributions along the steel section and encased concrete depth are also
examined. The effects of concrete compressive strength on the stiffness of the composite
encased beams are also investigated with the Poisson’s ratio of concrete and the effect of
cambering of steel-section.

KEYWORDS
Nonlinear Analysis, Composite beam, Flexural behavior, Cambering .
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INTRODUCTION:

Steel-concrete composite structures have been used more frequently in modern
constructions, especially in multi-storey buildings. These materials combine the strength of steel
with the compressive strength and the stiffness of concrete, producing a highly economical and
interesting structural system. From the beginning, the most common type of composite beam in
use has been an I-steel profile connected to the concrete slab or profiled steel-concrete
composite slab. Given its importance, this traditional composite beam (Fig. 1(a)) has already
been incorporated by design code procedures [1-3]. The composite action between the concrete
and steel profile can be achieved by means of mechanical shear connectors as headed studs,
proving to be an efficient shear connector. However, in several situations, it can be interesting to
reduce the overall depth of the floor using the beams contained within the depth of the floor
(Fig. 1(b)). The concrete between the flanges of the beam results in several advantages, such as
high fire-resistance and load capacity, as well as a significant increase in the bending stiffness
compared to a steel beam. The local buckling strength also increases in relation to the steel
section, and the overall height of both composite beam and composite floor is reduced. In
addition, lower construction cost compared to reinforced concrete (RC) or steel frame system
and shorter construction time compared to RC can be obtained using encased beams. Therefore,
the concrete cast in the flanges of the steel beam is an innovative and interesting alternative that
needs to be investigated in details, as each detail of the components can modify the behavior of
the encased beam. Despite the advantages in terms of structural behavior and costs, the encased
beam is a constructive solution not totally understood yet, especially in relation to the headed
studs contribution to load capacity and composite behavior. Currently, only the details shown in
(Fig. 1(a) and (e)) are included in standard codes [1-3]. Comparing traditional composite beams
(Fig. 1(a)) and partially encased beams (Fig. 1(e)), we note that the reinforced concrete between
flanges increases the bending stiffness and reduces the vertical displacements. Among the
innovative solutions shown in (Fig. 1), the focus here is on the contribution of the headed studs
for the composite action.

Available online @ iasj.net 3369



Numberl Volume 15 march 2009 Journal of Engineering

bottom and top

conventional flanges ‘ lying shear studs
> X T bottom flange i T "3 <2 | steel bars
| | 4 ‘.Ii.':l'z.';,";f'ii,':'ZI",Z QU e .—‘-1‘,&4 o _ | s A A A s e
I N g ‘
B X AR
o | ;tI:*.:‘:-r I:t?:{.. l‘T 2
a b c d e

Fig. 1. Examples of composite beams.

* PRECAMBERED STEEL BEAM:

This type of steel composite beam is maximizing the structural advantage of both steel
frame and reinforced concrete; it is produced by cambering the steel beam upwards over the
span using suitable propping or jacking systems. Preflex beams have been used successfully in a
number of road bridges as well as building structures. The typical construction sequence of a
precambered beam is as follows [4], see (Fig. 2):

a. In the plant, setup a steel I-girder with a precamber supported at each end.

b. Prebend the steel girder by applying two concentrated loads at one-third of the span from
both sides.

c. Cast the first phase of concrete at the level of the bottom flange of the steel girder while
keeping in place the loads of the prebending phase of the girder.

d. Two days after casting the concrete, remove the prebending loads. As a result, the beam
goes up, the precamber becomes smaller than the original precamber and the concrete is
now subjected to compression.

e. Cast the second phase concrete on site [4].

e ,,;_:, A e s T O TR B R i e ] I "; :":.: ‘
Fig. 2. Schematic Showing Construction Stages of precambered Beam [4].

STEEL-CONCRETE COMPOSITE BEHAVIOR IN ENCASED BEAMS:

Shear connectors are necessary when the natural bond is inefficient to achieve the
desired steel-concrete interaction. Among the several types of available shear connectors used to
provide composite action, the headed shear stud is the most common. In addition, headed shear
studs are widely used welded on the upper flange of the steel profile in the vertical position.
However, some new and interesting positions have been suggested. For example, studs vertically
welded on the bottom flange or on both flanges [5], or horizontally on the web [6], see
(Fig. 1(a), (b) and (d)). Many studies have been conducted for composite beams with headed
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shear studs welded in vertical position. However, very little experimental data is available for
the case of headed studs horizontally welded on the web of the steel beam to achieve the
composite action between steel and concrete. Breuninger [6] proposed an innovative composite
cross section where the top flange of the steel beam is eliminated and the headed studs are
directly welded to the web in the horizontal position, see (Fig. 1(d)). The headed studs in the
horizontal position are called lying studs and experimental results showed that the load capacity
is limited by: splitting of the concrete slab, splitting of the concrete slab, and tear-off or pull-out
of the studs. The splitting failure of the lying studs is the most important failure mode; however,
the design rules in standard codes are based on test results for only conventional studs and do
not cover this failure type. Parameters such as concrete strength, thickness of concrete slab,
distance, diameter and length of the studs, number and diameter of the stirrups, and
reinforcement of slabs showed to be very important [6]. Among these parameters, the
reinforcement of slab and the stirrups are the most important, mainly regarding the intersection
between reinforcement and stirrups. Despite that the contribution of the headed studs to the
composite action is unquestionable; Dipaola et al. [7] suggest the shear transfer mechanisms
may be only provided by the adhesion and friction resistances of the steel-concrete interface
(Fig. 3(a)). In the absence of bending moment, the area of the steel web is the shear resistant
section, and for bending moment, the transference of shear forces is attributed to adhesion and
friction resistant mechanisms [7]. When the upper flange of the steel beam is removed and lying
studs are welded on the web, the shear strength of the beam decreases due to the small distance
from the studs to the surface of the reinforced concrete slab (Fig. 3(b)). Using strut-and-tie
models, Kuhlmann and Kurschner [8] showed the mechanism of shear transfer is a result of
the load transferred by the studs and by the friction, but the latter is the most dominant
mechanism. The contribution of the friction to the horizontal shear load capacity is only due to
the web area and the horizontal studs. On the other hand, the vertical shear capacity depends on
the web, concrete and stirrups. An interesting slim floor system is proposed by Ju and Kim [9]
to minimize storey height and consists of inverted T-section steel beam and precast concrete
rested on the bottom flange. Stirrups and lying studs on the top web are used to provide the
composite action (Fig. 3(c)). In other research, where reinforcing bars and headed shear studs
were combined to provide the composite action, the longitudinal shear force transfer occurred
mainly by friction forces acting at the interface among the concrete encasement and the
structural steel [9]. Additionally, pull-out test results of Hegger and Goralski [10] showed the
load carrying capacity is higher for larger profiles due to the larger contact surface between the
flange and the concrete encasement and also by the lower shortening of the concrete due to the
shrinkage (Fig. 3(d)). The confinement effect of the steel profile in some areas of the concrete
also increases the load carrying capacity. Regarding the failure modes, the absence of the
reinforcement or headed studs leads to a failure without diagonal cracks. With reinforcing bars,
the behavior becomes more ductile, and with headed studs, the failure is achieved by splitting
the concrete around the studs [10].

edge middie

| | \
d i 3
1 I 1
| |
| | |
| | |
] !

1 I |
| | |

a b c d

Fig. 3. Arrangement of headed shear studs;
(a) without headed studs [6]; (b) horizontally welded on the web [7]; (c) steel profile
without top flange and (d) reinforcing bars and headed studs [10].
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* AVAILABLE EXPERIMENTAL RESEARCH:

Works on encased composite beams dates back to the beginning of the last century, a
series of testes have been conducted on this type of composite beam to study the influence of the
concrete encasement on the behavior of steel beam section under different loading conditions. In
the present study, De Nardin and Lucia H.C., in (2008) [11], tested specimens (PEB-B, PEB-W
and PEB) are chosen to verify the applicability of ANSYS computer program to analyze the
encased composite beams and also to investigate the main parameters that affected it's the
behavior.

- DETAILS OF THE TEST SPECIMENS:

A total of three simply supported (full-scale) composite partially encased beams with an
asymmetrical structural (built-in) steel section and concrete filling were tested under two
concentrated load, one of them being a beam without shear studs (specimen PEB) as a reference,
and the remaining two beams are with studs, vertically welded on the top of the bottom flange,
specimen (PEB-B), and horizontally welded on two opposite sides of the steel web, specimen
(PEB-W). Five headed studs of (19 mm) diameter and total post-weld height (75 mm) were
directly welded on each side of the web or bottom flange of the steel section, the centre-to-centre
spacing of the studs was kept constant and equal to (480 mm). As the main parameter to be
investigated was the shear stud position, all the three specimens of asymmetric steel beam were
designed with exactly the same geometry. No longitudinal or transverse reinforcements were
used in the specimens. The cross-sections and loading arrangement for the tested specimens are
shown in (Fig. 4); the dimensions of steel sections, gross-sections and failure mode are given in

(Table 1). The material properties are given in (Table 2). .60 130 __80
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Fig. 4. Geometry of the Partially Encased Tested Specimens [11]:
(a) PEB-B Specimen Cross-Section, (b) PEB-W Specimen Cross-Section,
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(c) Typical Cross-Section, (d) PEB-W: Studs on the Web, (e) PEB-B: Studs on the Bottom
Flange, (f) Loading Arrangement,
(All dimensions in mm).

Table 1: Descriptions, Dimensions of Steel Sections and Dimensions of Gross-
Sections of the Tested Specimens.

(250X250)
(250X250)

{250X(U=130,
B=250)X6.3X12.5}
{250X(U=130,
B=250)X6.3X12.5}

(250X250)

Table 2: Material Properties of the Analyzed (Tested) Specimens.

46.540 46.540 46.540
4.240 4.240 4.240
32288.6 | 32288.6 | 32288.6
0.2 0.2 0.2

308 308

469 469
200000 | 200000
0.3 0.3

500 500
200000 | 200000
0.3 0.3

Available online @ iasj.net 3373



Numberl Volume 15 march 2009 Journal of Engineering

0 et T 00822 A/ e e, )

Where:

Ec = Modulus of elasticity of concrete in (MPa).
fo= Cylinder uniaxial compressive strength (MPa).
fo= tensile strength of concrete (MPa).

*FINITE ELEMENT MODEL.:
- SOFTWARE, ELEMENT TYPES AND MESH CONSTRUCTION:

Advances in computational features and software have brought the finite element method
within reach of both academic research and engineers in practice by means of general-purpose
nonlinear finite element analysis packages, with one of the most used nowadays being ANSYS.
The program offers a wide range of options regarding element types, material behaviors and
numerical solution controls, as well as graphic user interfaces (known as GUIs), auto-meshers,
and sophisticated postprocessors and graphics to speed the analyses. In the present study, the
structural system modeling is based on the use of this commercial software. The finite element
types considered in the model are as follows: elastic-plastic shell (SHELL43) and solid
(SOLID65) elements for the steel section and the concrete slab, respectively, and nonlinear
springs (COMBIN39) to represent the shear connectors. Both longitudinal and transverse
reinforcing bars are modeled as discrete using (LINKS8) element. Rigid-to-flexible contact
mechanisms are used to model the interface contact surface between the structural steel section
and the encased concrete. The rigid target surface (encased steel section which is represented by
(SHELLA43) element) modeled with (TARGE170) elements, while the contact flexible surface
(concrete encasement which is represented by (SOLID65) elements) modeled with
(CONTAL173) elements. The element (SHELLA43) is defined by four nodes having six degrees
of freedom at each node. The deformation shapes are linear in both in-plane directions. The
element allows for plasticity, creep, stress stiffening, large deflections, and large strain
capabilities [12]. The element (SOLIDG65) is used for three dimensional modeling of solids with
or without reinforcing bars (rebars capability). The element has eight nodes and three degrees of
freedom (translations) at each node. The concrete is capable of cracking (in three orthogonal
directions), crushing, plastic deformation, and creep [12]. The rebars (LINKS8) element are
capable of sustaining tension and compression forces, but not shear, being also capable of plastic
deformation and creep and have two nodes with three translation degrees of freedom at each
node. The element (COMBIN39) is defined by two node points and a generalized force—
deflection curve and has longitudinal or torsional capability. The longitudinal option is a
uniaxial tension—compression element with up to three degrees of freedom (translations) at each
node. Symmetry of the composite encased (straight and preflex) beams is taken into account by
modeling a full scale beam span. A typical finite element mesh for a composite encased beam is
shown in (Fig. 5).
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ANSYS

Concrete
(SOLIDG5 element)

) Steel Section
{ (SHELL43 element)

" TARGE170 element
(on the Surface of
Steel Section)

ANSYS
CONTA173 element (on the Surface of
Concrete)

Shear Connector -Studs-(LINKS8 element+
COMBIN39 element)

Fig. 5. Finite Element Mesh for (PEB-B) Model:
(@) Isometric-View, (b) Front-View, (c) Internal Section, (d) Precambered Shape.

The following equations used to calculate the amount of forces required to produce the
upward movement (cambering) of simply support steel section subjected into two forces at
distance (L/3) from its two ends for a given allowable compressive stress in the steel beam [13].

_ 23PL3
fl AN S e,
Upward deflection 0~ G48E] ?3)
Bending moment M = P 4)
3
Compression flange stress o = w ............................................................. (5)

By substituting in equation (6.3):
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Where:
Ap in (mm)= cambering produced in the steel section.

P= force applied to the a steel section to produced cambering.

o= Allowable compressive stress in the steel beam - (N/mmz2).

L= Clear span of the tested specimens-(mm).

E=Es= (Young modulus of steel=200,000 N/mmz2).

y= Distance from the steel section centroid to the top surface of compression flange in (mm).

- MATERIAL MODELING:

The von Mises yield criterion with isotropic hardening rule (multilinear work-hardening
material) is used to represent the steel beam (flanges and web) behavior. The stress—strain
relationship is linear elastic up to yielding, perfectly plastic between the elastic limit and the
beginning of strain hardening. The von Mises yield criterion with isotropic hardening rule is also
used for the reinforcing steel. An elastic-linear-work hardening material is considered, with
tangent modulus being equal to (1/10000) of the elastic modulus, in order to avoid numerical
problems. The values measured in the experimental tests for the material properties of the steel
components (steel beam and reinforcing bars) are used in the finite element analyses. The
concrete encasement behavior is modeled by a multilinear isotropic hardening relationship,
using the von Mises yield criterion coupled with an isotropic work hardening assumption. The
uniaxial behavior is described by a piece-wise linear total stress—total strain curve, starting at the
origin, with positive stress and strain values, considering the concrete compressive strength (f)
corresponding to a compressive strain of (0.2%). The stress—strain curve also assumes a total
increase of (0.05 N/mmz2) in the compressive strength up to the concrete strain of (0.35%) to
avoid numerical problems due to an unrestricted yielding flow. The concrete element shear
transfer coefficients considered are: (0.25) for open crack and (0.8) for closed crack. Typical
values range from (0 to 1), where (0) represents a smooth crack (complete loss of shear transfer)
and (1) a rough crack (no loss of shear transfer). The default value of (0.6) is used as the stress
relaxation coefficient (a device that helps accelerate convergence when cracking is imminent).
The crushing capability of the concrete element is also disabled to improve convergence. The
concrete encasement compressive strength is taken as the actual cylinder strength test value. The
concrete tensile strength and the Poisson’s ratio are assumed as (1/10) of its compressive
strength and (0.2), respectively. The concrete elastic modulus is evaluated according to equation
(1) mentioned above. The model allows for any pattern of stud distribution to be considered. In
all analyses, the number/spacing of studs adopted in the experimental programmers is utilized.
As far as the shear connector behavior is concerned, the load-slip curves for the studs are used
(obtained from available push-out tests) by defining a table of force values and relative
displacements (slip) as input data for the nonlinear springs. These springs are modeled at the
steel-concrete interface [14], as shown in (Fig. 6). the behavior of the interface surface of
contact between the steel section and concrete encasement is modeled according to the basic
Coulomb friction model, in which, two contacting surfaces can carry shear stresses up to a
certain magnitude across their interface before they start sliding relative to each other. This state
is known as sticking. The Coulomb friction model defines an equivalent shear stress (1), at
which sliding on the surface begins as a fraction of the contact pressure (p) as [12]:
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Tim = HP + COHE, [T S tim oo (8)

where:

Tim = limit shear stress, 1= equivalent shear stress, pu= the friction coefficient,
P= constant normal pressure, COHE= cohesion sliding resistance (stress unite).

Once the shear stress is exceeded, the two surfaces will slide relative to each other. This
state is known as sliding. The sticking/sliding calculations determine when a point transitions
from sticking to sliding, see (Fig. 7). ANSYS provides two models for Coulomb friction [12]:
Isotropic friction (2-D and 3-D contact): which is based on a single coefficient of friction (MU)
and the Orthotropic friction (3-D contact): which is based on two coefficients of friction (MU1
and MU?2). In the present study, (3-D) Isotropic friction model is used with single coefficient of
friction (MU), and the cohesion sliding resistance (COHE) set to (0.00) making (Fig. 7(a))
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Fig. 6. Modelling of shear connectors (longitudinal view) [14]:

(a) Shear studs in a typical composite beam. (b) Shear studs in a typical composite beam
finite elementmesh. (c) Representation of the shear stud model.
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Fig. 7. Frictional Models [12].

APPLICATION OF LOAD AND NUMERICAL CONTROL :

Regarding application of load, concentrated loads are incrementally applied to the model
by means of an equivalent displacement to overcome convergence problems (displacement
control). For the convergence criterion, the L2-Norm (square root sum of the squares) of
displacements is considered. Concentrated loads are represented by means of point loads applied
at nodes. These concentrated loads are also applied to the model incrementally using the load
control strategy and the L2-Norm. The tolerance associated with this convergence criterion
(CNVTOL command of ANSYS) and the load step increments are varied in order to solve
potential numerical problems. Whenever the solution does not converge for the set of parameters
considered, as far as load step size and converge criterion are concerned, the RESTART
command is used in conjunction with the CNVTOL option. ANSYS allows two different types
of restart: the single-frame restart and the multi-frame restart, which can be used for static or full
transient structural analyses. The single-frame restart only allows the user to resume a job at the
point it stopped. The multi-frame restart can resume a job at any point in the analysis for which
information is saved. This capability enables multiple model analyses, presenting more options
for data retrieval after an undesired aborted solution. The second approach is used throughout
the present analyses. For the case in which only one point load is applied to the system, there is a
direct relationship between force and displacement, making the displacement control method
easier to be utilized. The load control method is, however, less efficient than the displacement
control method in nonlinear analyses. This fact is observed especially when the applied load
approaches the ultimate load of the system, as an incremental increase in the load leads to a
significant increase in the corresponding displacements, causing difficulties in terms of
numerical convergence. For the type and size of the finite element problem investigated, the
load control method demanded, on average, (70%) more disk space and took (150%) longer to
be processed than similar displacement control solutions. The finite element analysis of the
models was set up to examine two main behaviors: (initial cracking of the composite encased
beams and the strength limit state). The Full Newton-Raphson method of analysis is used to
compute the nonlinear response. The application of the loads up to failure was done
incrementally as required by the Newton-Raphson procedure.
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* ANALYSIS PROCESS FOR THE ANALYZED FINITE ELEMENT MODELS:
- ANALYSIS OF THE STRAIGHT ENCASED COMPOSITE BEAMS:

The finite element analyses for the straight simply support composite encased beams under
concentrated forces have been carried out using static analysis type. The solution controls command
dictates the use of a linear or non-linear solution for the finite element model. The program behavior
upon non-convergence for this analysis was set such that the program will terminate but not exit.
The most important typical commands utilized in a nonlinear static analysis are shown in (Table 3).
The rest of the commands were set to defaults.

Table 3: The Most Important Commands Used to Control Nonlinear Analysis.

all solution items such as {nodal DOF solution, nodal
reaction loads, element solution (element nodal
stressestelement elastic and plastic strains...etc),...etc}

write every substep

all solution items such as {nodal DOF solution, nodal
reaction loads, element solution (Element nodal
stressestelement elastic and plastic strains...etc),...etc}

write every substep

(experimental failure load)X(1.1)
(1%) from the time at end of loadstep
on
time Step size
(10%) from the max no. of substeps

At first trials for the analysis, the values for the convergence criteria (force and
displacement) are set to defaults except for the tolerances. The tolerances for force and
displacement are set as (15 times) the default values as shown in (Table 4), which represent the
commands used for the nonlinear algorithm and convergence criteria. However, when the
composite encased beams began cracking, convergence for the non-linear analysis was
impossible with the default values. The displacements converged, but the forces did not.
Therefore, the convergence criterion for force was dropped and the reference value for the
Displacement criteria was changed to (5), this value is then multiplied by the tolerance value of
(0.01) to produce a criterion of (0.05) during the nonlinear solution for convergence. A small
criterion must be used to capture correct response.

Table 4: Nonlinear Algorithm and Convergence Criteria Parameters.

100

stop and stay
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calculated calculated
0.001 0.010
L2 (SRSS value) L2(SRSS value)
not applicable not applicable

- ANALYSIS OF THE PRECAMBERED ENCASED COMPOSITE BEAMS:

Analyses for the precambered encased composite beams were similar to the analyses of
the straight encased composite beams. However, different load steps were used. The first load
step taken was to produce camber in the steel beam only in which the upward movement of the
beam resulted, meanwhile all others element consisting the encased beams considered to be a
(DEAD ELEMENTS) according to ANSYS options. RESTART command then used to re-
analyze the beams due to its original state of loading (Experimental Researches paper), during
this, the flexural reinforcements, shear reinforcements, concrete and shear studs elements are re-
activated and the two preflexing forces are neutralized by two forces having the same magnitude
but opposite direction. The preflexing loads are removed. As a result, the beam goes down a little
due to self weight (gravity-loads) and the stress recovery of the steel beam, the precamber
amount becomes smaller than the original cambering, and the concrete is now subjected to
compression. The load-deflection curves for analyzed composite partially encased beams
{{(PEB-B+PEB-W) De Nardin and Lucia H.C., (2008) [11]}} which were obtained
numerically by the finite element method using ANSYS (V.10) computer program for straight
and preflex steel section and compared with the experimental results are presented in (Fig. 8)
through (Fig. 11); respectively. The goal of the comparison of the finite element models and the
beams experimental works is to ensure that the elements types, meshing, material properties, real
constants and convergence criteria are adequate to model the response of the beams.

== EXPERIMENTAL
== NUMERICAL-FEA-

=—8— PREFLEXING-FEA-
I I

Fig. 8. Finite Element Analysis Result for Model (PEB).
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Fig. 9. Finite Element Analysis Result for Model (PEB-B).
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Fig. 10. Finite Element Analysis Result for Model (PEB-W).

BEHAVIOR AT ULTIMATE LOADS:
The analytical and experimental values of the ultimate loads for straight and preflex
composite encased beams which presented in (Fig. 8) through (Fig. 10); respectively, are
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summarized in (Table 5). (Table 5) showed that The preflex load for the analyzed specimen
(PEB-B) is higher than the preflex load of the analyzed specimen (PEB-W), this is due to the
presence of vertical studs {specimen-(PEB-B)} which are more efficient than horizontal ones
{specimen-(PEB-W)} in providing the composite action between the steel profile and the
concrete encasement, because the vertical stresses from concrete encasement acting on the
surface of bottom flange and also the friction forces developed in the same surface is
tremendously higher than that developed in the surface of steel section web. The analyses
finished (Done) for the partially encased composite analyzed specimens (PEB-B+PEB-W) due
to the excessive cracking in the constant moment region.

Table 5: Comparison between Analytical and Experimental Values of the Ultimate Loads.

Tested Experimental | Analytical (ultimate Analytical (ultimate
specimen (ultimate loads)-straight A% loads and)-preflex B%
b loads) beams beams
PEB 288 252 12.5 330 12.7
PEB-B 317 270 14.8 382.7 17.2
PEB-W 309 258 16.5 363.5 15.1
Notation
Symbol Description
N (Pu)exp —(Pu) aNs ys-straight
0
(Py )exp
5 (Pu) ans vs - prefiex ~ (Puexp
(Py )ANS YS - Preflex

BEHAVIOR AT MAXIMUM DEFLECTIONS:

The analytical and experimental values of the maximum deflections for straight and
preflex composite encased beams are summarized in (Table 6). The load-deflection curves
which presented in (Fig. 8) through (Fig. 11); respectively, for the analyzed specimens in which
the corresponding experimental, theoretical and preflexing curves are superimposed, show that
the curves are lie very close to each other at initial stages for all the specimens. However, there
seems to be some deviation between the results near the failure. The discrepancy may be due to
the inadequacy in concrete and interface behavior modeling. It was found that the deflections are
nearly (85% to 95%) the deflections of the same experimental beam for straight beam situation,
and (65% to 80%) of the same experimental beam for preflexed beam situation.

Table 6: Comparison between Analytical and Experimental Values of the Maximum
Deflections.

Tested Experimental Analytical (Deflections) | Analytical (Deflections)
specimen Deflections straight beams preflex beams
PEB 18.5 16 15
PEB-B 26.7 23 18
PEB-W 27.36 23.8 19
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* THE PARAMETRIC STUDY:

A parametric study has been done on the same samples that have been analyzed. Many
parameters can be studied in the analyzed models to examine the effect of each parameter on the
behavior of the models results. Some models were chosen to study the effect of encased concrete
in the increasing of moment-bearing capacity, meanwhile other are chosen to study the slip along
the composite partially encased beams length. The strain distributions along the steel section and
encased concrete depth are also examined. The Poisson’s ratio of concrete and the effect of
cambering of steel-section are also investigated.

- THE EVALUATION OF SLIPS ALONG THE COMPOSITE ENCASED BEAMS
INTERFACE:

The partially encased beams (PEB), (PEB-B) and (PEB-W) which were described in (Fig.
4) and (Fig. 5) are chosen for the evaluation of the slip along the steel-encased concrete interface
surface length under different loading magnitudes. The first part of the curves presented a stiff
behavior corresponding to an initial bond provided by the concrete—steel connection. It is named
“adhesion” or “chemical bond”, and corresponds to a small part of the bond strength, which is
active mainly in the early stages of loading, when the displacements are small. As shown in
details in (Fig. 11), for Specimen (PEB), the adhesion broke when the load was approximately
(10 kN). The rupture of the adhesion was not clearly identified for the specimens with
mechanical connectors (PEB-B and PEB-W). In these specimens, it can also be seen that the
presence of the mechanical connectors contributes to increasing the maximum load and slightly
changes the applied load-slip relationship. Although all specimens behaved in a similar way in
both pre-peak and post-peak branches, specimen (PEB) presented a slight reduction of the load
capacity after the ultimate load had been reached. In the pre-peak branch, the specimens with
mechanical connectors behaved in a stiffer manner and the specimen with vertical headed studs
was stiffer than the specimen with horizontal studs. Therefore, the results indicated that the end
slips of the specimens with studs were smaller than the specimen without studs and these
mechanical shear connectors were more effective when the applied load was increased.
Comparing the end slips in all specimens, the vertical position of the studs on the bottom flange
was the most effective in all loading stages. It should be mentioned that the values of the slips
were obtained from the (DOF solution, X-component of displacement).

SLIPS ALONG THE STEEL-ENCASED CONCRETE
INTERFACE LENGTH
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Fig. 11. Finite Element Results of Model (PEB, PEB-B and PEB-W) to Show the End Slips
along the Steel-Encased Concrete Interface.
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- THE EVALUATION OF STRAIN DISTRIBUTIONS ALONG THE STEEL
SECTION AND ENCASED CONCRETE DEPTH:

The laminated encased beams (PEB), (PEB-B) and (PEB-W) which were described in
(Fig. 5) are chosen to examine the strain distributions along the depth of both steel section and
concrete encasement under different loading magnitudes as shown in (Fig. 12) through (Fig. 17).
In the case of Specimen (PEB), without mechanical shear connectors, the strains of the steel
profile increased with the same ratio until the ultimate state (when the applied load was equal to
Fu)-(Fig. 12). Additionally, the strains on the bottom and top flanges presented approximately
the same values. On the other hand, the strains of Specimen (PEB-B) presented an abrupt change
in the tension zone, which did not occur in the compression zone and the increased
proportionally to the neutral axis distance (Fig. 13). Additionally, the change of the strain
behavior became more expressive when the applied load in each loading point reached (250
KN). The behavior of Specimen (PEB-W) was very similar to (PEB), including the values of the
strains. Apparently, the horizontal studs were less effective than the vertical ones in providing
the composite action and increasing the load carrying capacity (Fig. 14). By means of the neutral
axis, the encasement concrete was more effective for Specimen (PEB-B), as such an axis was
higher than in the other specimens.

- STRAINS IN THE BENDING AND SHEAR ZONES OF THE BEAM:
A SPECIMEN (PEB): WITHOUT SHEAR MECHANICAL CONNECTORS:

For the specimen without mechanical connectors (PEB), the strains increased
proportionally to the neutral axis distance until (250 Kn) at a zone under constant shear. For the
ultimate load (Fu), the strains in some points presented a sudden change (Fig. 15). Comparing the
strain results for Specimen (PEB at (35 cm) of the end and mid-length, the sudden change could
be only observed at the first zone, where the shear was constant. Probably, the natural bond at the
interface between the steel profile and the concrete encasement was destroyed by the shear stress.
Therefore, it can be said that the partially encased beam only behaved as a composite beam until
the load of (250 KN). After that, the natural bond of the steel-concrete interface was broken, this
was more evident in the length of the beam under shear constant. Regarding the strains at the
mid-length of the beam, the natural bond was not broken in the constant moment zone, where the
shear stresses are zero.

B SPECIMEN (PEB-B): WITH VERTICAL HEADED STUDS WELDED ON THE
BOTTOM FLANGE:

The strains of Specimen (PEB-B) presented a large variation of the distribution in both
moment and shear constant zones (Fig. 16). Apparently, the presence of vertical studs in the
tensile zone modified the contribution of the natural bond and Specimen (PEB-B) did not behave
as a composite beam from the first stages of loading. The sudden change of the strains was more
expressive in the constant shear zone.

C SPECIMEN (PEB-W): WITH HORIZONTAL HEADED STUDS WELDED ON
THE WEB:

The strains of the specimen with horizontal studs behaved as the specimen without
mechanical shear connectors in the mid-length of the beam (Fig. 14). At (35 cm) of the beam
end, abrupt changes could be observed from the first stages of loading, especially in the
compressive zone (Fig. 17). These results showed that the headed studs horizontally welded on
the web were not efficient regarding composite action.
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Finally, all tested specimens showed a sudden change of the strains in the shear constant
zone. Furthermore, the changes of strains occurred at the same points of the measurement but for
different levels of the loading. Additionally, the change of the strains was first recorded in
Specimen (PEB-W) and with a lower loading level.

Fig. 12. Strain Distribution along the Depth of Steel Section for Model (PEB).

Fig. 13. Strain Distribution along the Depth of Steel Section for Model (PEB-B).
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Fig. 14. Strain Distribution along the Depth of Steel Section for Model (PEB-W).

Fig. 15. Strain Distribution along the Depth of Encased Concrete for Model (PEB).
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Fig. 16. Strain Distribution along the Depth of Encased Concrete for Model (PEB-B).

Fig. 17. Strain Distribution along the Depth of Encased Concrete for Model (PEB-W).
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--EFFECT OF CONCRETE POISSON’S RATIO ON THE BEHAVIOR OF MODEL
(PEB-W):

The composite partially encased beam (PEB-W) has been chosen to study the effect of
variation of the concrete Poisson’s Ratio on its behavior. This beam is described in details in
(Figure 5). The beam (PEB-W) has an assumed concrete Poisson’s Ratio equal to (v=0.2) and it
has been reanalyzed for values of (0.17 and 0.15). As shown in (Fig. 18). the ultimate load
capacity of this beam has insignificant effect with reduction of Poisson’s ratio value. The
reduction in the ultimate load capacity is not more than (3 % and 5%) for the concrete Poisson’s
ratio values (0.17 and 0.15) respectively.

COMPARISON BETWEEN DIFFERENT POISSON’S
RATIO RESULTS FOR MODEL (PEB-W)
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=
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Fig. 18. Effect of Poisson's Ratio on the Behavior of Model (PEB-W).

- EFFECT OF THE COMPRESSIVE STRENGTH OF CONCRETE ON MODEL
(PEB-B):

The composite partially encased beam (PEB-B) has been chosen to study the effect of
variation of the compressive strength of concrete on its behavior. This beam is described in
details in (Figure 5). The beam (PEB-B) has an experimental compressive strength of concrete
equal to (46.540 N/mmz2) and it has been reanalyzed for values of concrete compressive strength
(fc) of (30, 60 and 70 N/mmz2) as shown in (Fig. 19). The behavior of this beam with high
compressive strength seems to be stiffer than those having smaller strength. The predicted
ultimate load of this beam is increased by (12% and 18.1%) for concrete compressive strength
values of (60 and 70)-(N/mm2), respectively, and reduced by (11.6%) for compressive strength
value of (30 N/mm2) relative to the tested result.
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COMPARISON BETWEEN DIFFERENT COMPRESSIVE
STRENGTH RESULTS FOR MODEL (PEB-B)
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Fig. 19. Effect of Concrete Compressive Strength on the Behavior of Model (PEB-B).

* CONCLUSIONS:

1.

Based on the results of this investigation, the following conclusions can be drawn:

The modeling of concrete by eight-node brick elements (SOLID65 element), the I-steel
section by the four-node shell element (SHELL43 element), the steel reinforcement by
two-node bar element (LINK8 element), the shear stud by two-node nonlinear spring
element (COMBIN39 element) and the interface model by both (SOLID65 element) on
the surface of encased concrete and (TARGEL70 element) on the surface of steel section
gives results which are close to the experimental results for the analysis of composite
encased beams consisting of preflex steel section.

The failure load given by ANSYS computer program are close to that measured during
experimental test.

The analyzed partially encased specimen with vertical studs {studs on bottom flange} are
more efficient than the horizontal ones {studs on web} in providing the composite action
between the steel profile and the concrete encasement, because the vertical stresses from
concrete encasement acting on the surface of bottom flange and also the friction forces
developed in the same surface is tremendously higher than that developed in the surface
of steel section web.

According to the Applied load vs. End slip behavior, the specimens with headed studs can
be considered ductile and the behavior is almost elastic-plastic, while the specimen
without shear connectors slightly decreased in the applied load after the ultimate load
capacity was reached. Therefore, both headed studs horizontally and vertically welded on
the steel profile can be effectively used to provide composite action.

The values of strains at the steel-encased concrete surface (contact plane) for the models
with full shear connection are nearly the same in comparative with the same model
without shear studs were the strains values at the contact plane showing miner diverging.
The finite element results show that the Poisson's ratio has insignificant effect on the
increasing or decreasing the ultimate load of the composite encased beams.
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NOTATIONS:
1-D One Dimensional Mode
2-D Two Dimensional Mode
3-D Three Dimensional Mode
Ec Modulus of Elasticity of Concrete
Es Modulus of Elasticity of Steel
f Function
fe Uniaxial Compressive Strength of Concrete
f; Uniaxial Tensile Strength of Concrete
P Applied Concentrated Load
€ Strain
€cu Ultimate Strain
v Poisson’s Ratio
T Shear Stress
Ap Cambering Produced in the Steel Section
A Deflection
Distance from the Steel Section Centroid to the Top Surface of
y Compression Plange
I Moment of Inertia
M Bending Moment
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PERFORMANCE ANALYSIS OF INVERTER-FED
SINGLE-PHASE INDUCTION MOTOR

Ali M. Saleh Amer O. Kareem
College of Engineering, University of Baghdad

ABSTRACT

This study investigates the effects of the presences of harmonics in the exciting voltage
when using a dc/ac inverter on the performance of a single-phase induction motor, the
investigation includes theoretical and experimental parts and together with performance
comparison of the motor with the nominal sinusoidal input voltage. The computed
performance of the motor depend on the theoretical equivalent circuits which are modified
to take into account the existence of harmonics in the inverter output to compute the
performance at each harmonic order. It conclude from the analysis that the pulsating torque
is inherent in single-phase induction motor even when supplied from a sinusoidal voltage
source. Particular attention has been devoted to the pulsating torque when the motor is
supplied from an inverter and the most important pulsations have been identified. The
comparisons of simulation and measured results show good correlation between them in
addition that it highlight and identify the cumulative effects of harmonics on the motor
performance.

KEYWORDS
Harmonics, Single-Phase Induction Motor, Inverter
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INTRODUCTION
The single-phase induction motor is widely used in low-power and variety applications
such as domestic refrigerators and a wide variety of pumping applications, since this
machine is logically least expensive, lowest maintenance and operates with a single-phase
power supply. Almost 90 per cent of induction motors are squirrel cage rotor type, since this
type of rotor has the simplest and most rugged construction imaginable and almost
indestructible!¥). In special application, the dc power supply or special batteries are the main
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source type which only exist to drive the AC induction motor. Then, the available power has
to be converted to an AC power for driving the AC induction motors, and for this aim one
can use the electromechanical rotary converters or the static dc/ac converters (inverters). The
last type of converter is started replacing the old rotary converters, since the use of a rotary
type is associated with increase in machine size, weight and losses, while the static inverter
has higher accuracy, better reliability, reduced maintenance, higher efficiency and lower in
cost than the old rotary converter!?. The output voltage waveform of the inverter is non-
sinusoidal since the principle operation of the inverter is based on the switching techniques.
Using the Fourier analysis shows that the output voltage and current waveforms of the
inverter are rich in harmonics which may have serious problems and influences the
performance of the motor. At least, the harmonics can be a source of extra losses in induction
motor in addition to higher noise level.

The work presented in this study deals with steady state operation condition of the
inverter-fed single-phase induction motor, and the equivalent circuit model which has been
adopted in this study has been modified in order to predict the performance of the motor
under load conditions.

ANALYSIS OF INVERTER-FED SINGLE-PHASE INDUCTION MOTOR

For the purpose of generality, the work presented in this study considers a single-phase
induction motor fed from an inverter of a quasi-square waveform output voltage. Analyzing
this waveform is given in Appendix[A]and shows that such a waveform which is the stator
voltage of the motor which have a fundamental component and a series of harmonics. Thus,
the overall performance of the motor can be described as it is connected to an independent
generators all in series supplying the motor. Since each harmonic current will be independent
of all the others, a series of independent equivalent circuits (one for each harmonic) can thus
be used to calculate the complete steady state performance of the motor. If the magnetic
saturation is neglected, the motor can be regarded as a linear device and the principle of
superposition can be applied 3*5€ That is the motor's behavior can be analyzed
independently for the fundamental and for each other harmonics term [

SINGLE-PHASE INDUCTION MOTOR WITH SINUSOIDAL VOLTAGE
SUPPLY

The per-phase equivalent circuit referred to the stator windings (i.e. the main winding) of
the single-phase induction motor for a sinusoidal voltage supply is shown in figure(1) Which
realized from the symmetrical component theory. The core loss is neglected in the
magnetizing branch. The magnetic flux mutual to both stator and rotor has two sequence
magnetizing currents flow: In, and In,. The effect of motor speed is reflected by the
presence of slip in the rotor impedance in the equivalent circuit. In this circuit the motor
input impedance is given by:-

Z=27n+ Zzp F o one e e (1)
Where:-
Zn=r+ jX1, Zop=jXm Il ((r2/8) + j X2), Zon = JXm I (r2 1(2- 5) +  X2)

The sequence currents are :-

=T =V [ Z (2)
Then, the stator winding input current is:-
=D+ I e (3)
And the total input power is :-
Pip =V [l] COS(O) .o (4)

The air-gap power is:-
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Pg: ng - Pgn = 2( | Ip |2 R2p - | In |2 R2n ): 05 |I|2 [Rzp - R2n] .................. (5)
While the rotor loss is :-
Prcu: S ng + (2'5) Pgn ................................................ (6)
The developed gross output power is :-
P=(1-S) Py e (7)
The net developed torque measured in Nm is :-
T=Pg | @, (8)
—Ip> Zm —Iph> Zmh
A A
I Vp EPT Zo x Veh EphT Z2ph
Vi 0 Vh ©
& Zan Enh Z2nh
I vV T I Vnh T
_IL_ Zm —I-ri— Zmh
Figure(1) Fundamental equivalent circuit Figure(2) The harmonic equivalent circuit
of single-phase induction motor of single-phase induction motor

SINGLE-PHASE INDUCTION MOTOR WITH NON-SINUSOIDAL SUPPLY

It is well know that a single-phase induction motor can be run on a non-sinusoidal supply.
If the physical non-linearities of the induction motor (the magnetic saturation) is considered
of negligible effects then the motor may be regarded as a linear device. Thus, the periodic
non-sinusoidal supply voltage waveform could be resolved using the Fourier Series
method. The behavior of the machine is obtained by superposing the effects of the
fundamental and harmonics. This method provides information about individual harmonic
performance.

According to Appendix[A], there will be no even order harmonics (i.e. h # 2, 4, 6...etc)
for the quasi-square waveform, since the waveform is symmetrical. Then the only order of
harmonics which exist are h=1, 3, 5...... etc. and these are the only orders of harmonic that
could affect the motor performance. For convenience, the existing harmonics can be
expressed as:-

h (harmonic order) = |4kt 1| ... 9)

Where k=0, 1, 2, 3...etc (constant) = The harmonics of orders h=4k+1 (i.e.
h=5,9,13,17,...etc) travels in the same direction as the fundamental at a speed equal to
(4k+1)Ns. The harmonics of order h=4k-1 (i.e. h=3,7,11,.....,etc) travel in the opposite
direction of the fundamental field with speed of rotation equal to (4k-1)Ns. Equation (9)
could be written in the form for more convenience :-

=1t AR (10)
in order to specify the direction of each harmonic, too.
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Frequency of Harmonic Rotor Current

The fundamental frequency equivalent circuit of the single-phase induction motor is shown
in figure(1) must be modified in order to take into consideration the harmonic frequencies.
This modification can be performed by introducing the following changes® ;-

1. All the reactances have a value of "h" times their value at the fundamental

frequency .

2. The operation slip is the s,

A time harmonic of order "h™ have a harmonic synchronous speed (h Ns) while the
machine is rotating at speed “N,-. Thus the "h"™" harmonic slip of motor is :-

Where:-

s is the fundamental slip.

s, "h™" harmonic slip of motor.

N, rotating speed of the machine (rpm).

Ns synchronous speed (rpm).

The frequency of rotor current have positive and negative components. Then the frequency
of the "h™ harmonic positive sequence current component is:-

foon =sn(h f))=(h-1+s)fi (12)
while the frequency of the "h'™ harmonic negative sequence current component is:-
forn =(2-sp) (hf)= (h+1-s)f1 (13)

where f; is the Stator supply frequency (Hz)

Harmonic Equivalent Circuit

For any harmonic voltage (V) at frequency (h f;), the rotor equivalent circuit of single-
phase induction motor will appear as shown in figure(2). The parameters of the circuit are:-
Zpn =Tt ) Xan,  Zopn=jXmn Il ((ran /Sh) + J Xon) ,  Zonh = JXmn Il (r2n /(2- Sh) + ] Xon)

The rotor of the machine which is used in the work presented in this study is a cage type
rotor. The crowding of current at the top of the bars increases with rotor current frequency.
However the effective resistance of cage-rotor is only slightly larger than the ohmic
resistance unless the bars are very deep™ .. Therefore, with a low saturation level one can
assume that:-

X1nh=h X1 Xon=h Xz Xmh=h X rph=r1 fon =TI
Then the parameters of the circuit which shown in figure(2) will be modified as below:-
Znh= .+ jhxg

Zoon = (i Xen) 11 (12l Sp)+ih x2)
Zonh = (jh Xm) 11 (r2/(2- sp)+jh X2)

The positive and negative harmonic current components I, and |, are respectively
given by :-

Iph = loh= Vi! (2 Zon + Zth F2Zo0h) e (14)
The harmonic input current component :-
Imhzlph+|nh .................................................... (15)

Then the r.m.s value of total input current is :-

h=o0
In= | ST B oo (16)
h=1,3,5
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OBVIOUS HARMONIC EFFECTS (LOSS INCREASE)

In general, harmonics are usually defined as a periodic steady state distortion of voltage
and/or current waveforms in power system™®. The effects of the harmonics are highly
variable, which in range of non-significance effect to equipment destruction, but in general
the harmonics always decrease both the efficiency and effective power factor of the load and
the harmonics currents cause increased heating and audible noise in motors and magnetic
devices!*). Harmonic voltages produce harmonic currents that in turn, generate not only
torque pulsation but also increase the losses in the form of copper and core losses. The
additional losses due to the harmonics tax the thermal caFabiIity of the motor®. The
conventional induction motor has the following lossest > % 4! -

Q) Stator copper loss;

(i) Rotor copper loss;

(iii) Core loss;

(iv) Friction and windage loss;
(V) Stray loss.

The presence of harmonics causes the stator and rotor copper losses to increase, as for the
core loss. Magnetic loss in metallic parts caused by harmonic leakage flux is difficult to
estimate. It is believed that ignoring these losses can introduce negligible error compared to
the harmonic copper losses™*®!. The frictional and windage losses are independent on the
harmonics .
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Stator Copper Loss

The total harmonic current is:-

lhar = ([ Dng 1241 g 1240t 1T 13 e, (17)
Then the stator copper loss is (neglect the effects of the skin factor) :-
Pscu = I m2 r]_ ............................................................................... (18)
Where |, isthe r.m.s value of total input current. Then:-
h=co h=c0
Pocu =(Im)2r1 +( Ihar)2 11 = h_123 Pouh = Poout + h—szsPSC”h .............. (19)

The term [(Ihar)? r1] is representing the extra harmonic stator copper loss. This additional
losses will increase the conductor temperature due to higher current density.

Rotor Copper L0ss

The rotor copper loss is evaluated independently for each harmonic. In general for each
h™" harmonic:-
Preuh = 0.5 [Imh 2 (Sh Ropn +(2-Sn) Rann) e (20)

The total harmonic copper loss is calculated as a summation of the harmonic

contributions.

h=o0
Prt = 3 Pt reree et e, (21)
h=1,3
Also :-
h=wo
Prcu = PI’CUl + Z Prcuh ................................................... (22)
h=3,5

It's clear that the second term in the (22) is representing the additional rotor copper
loss due to harmonic currents.

AVERAGE DEVELOPED TORQUE

The interaction between the components of the air-gap flux and the rotor current of the
same harmonic frequency generates steady torques. From the harmonic equivalent circuit
in figure(2), it is clear that each harmonic component produce an air-gap power
(corresponding to the harmonic torque) in both positive and negative sequence directions

(namely Ton, Ton respectively) acting at a speed of "h @," (radian per second). The

sequence component of the air-gap power is given by the following formula:-
Tph h w, = 2 | Iph |2 Rzph ................................. (23)

Thh h C()s = 2 | Inh |2 RZnh .................................... (24)

Since lIpn = Ihn for the motor under investigation, the "h™ harmonic equivalent torque (in
synchronous watt) referred to the fundamental frequency given by:-
Th= (Tph - Tnh) /h=2 | Iph |2 (Rzph - RZnh) Ih (25)

The order of the harmonic defines the direction of the net developed torque, and therefore
the torque will act in the positive direction for the orders 1, 5, 9,....,etc, and having a
positive value. For negative direction rotating fields (of order 3,7,11,....,etc,) the net
torque is having a negative value (braking) and then the net develop torque due to the
fundamental and harmonic current are :-
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Obviously, 1, becomes very small as "h" increased and thus the most important torque
contribution arises from the low order harmonics.

TORQUE PULSATION
Sinusoidal Supply

With a sinusoidal supply, the input current of the single-phase induction motor,
produces negative and positive sequence field components. Then in addition to the
developed steady torques by these components a pulsating torque is exist with an average
value of zero. The pulsation is a result of the interaction between the "fundamental”
positive and negative sequence flux components with the "fundamental” negative and
positive sequence rotor current components, respectively. The frequency of the generated
torque is the difference between the corresponding frequency of the producing flux and
currents’??! i.e. it is (2f). Table(1) Summaries the possible interaction of the present
components with each other and the frequency of the pulsating torque or the direction of
the resulting average torque, whichever is applicable. The flux components are replaced in
this table by the air-gap voltages produced by them.
The general expression of the pulsation torque resulting from the different sequence field
components:-

tpulsation = tvn + tvp ....................................................... (27)
where :-
=P L [ Impr | | lona | SIN(2WE+X) oo (28)
th = - p Lm | Imnl' | I2p]_| Siﬂ(ZWt-f— y) ...................... (29)
And:-
X=90- (arg(En1) -arg(lon1) ) eveerininiii e (30)
y=90- (@rg(Ep1) - arg(lzp1))  cooeeeeeeieeieeeieeee, (31)

Non-Sinusoidal Supply

The presence of the harmonic currents can generate (in addition to the steady-torque)
parasitic torques which are superimposed with the fundamental useful steady-state torque.
These generated harmonic torques are two types :-

(i) Steady torque; resulting from the interaction between the harmonic current with
harmonic flux of the same order. This type is usually of little importance since:-

e Harmonic currents and harmonic flux, both are relatively small in magnitude as
compared to the fundamental (depends on the layout of windage).

e The forward torque produced by the positive sequence components will be
partially reduced by the reverse torque that produced by the negative sequence
components.

(i) Oscillatory (pulsating ) torques (with zero average value); resulting from the
interaction of each harmonic current with the harmonic flux of the different orders.
However, the oscillatory torques which produced by the interaction of harmonic
currents with the fundamental flux (the most significant flux in the single-phase
induction motor) will be predominant.
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Table(2), shows a sample of the pulsation torque being considered for analysis in this
study. The frequency of the pulsating torque is the difference between the frequencies
under consideration™!. From this tablehe instantaneous pulsation torque is given by:-

Eouis= Tun F Tip  cveeie oot (32)
Where:-
tyn =P L [lmptl{ 1201 [SIN(2WE + X) + [lops] Sin(2wt +i)} ............. (33)
tyo =- P Lin [lnn {Il2p1|Sin(2wWt + y) + [lonz [Sin(2wt +€) } .............. (34)
And:-
X = 90- (arg(En1) -arg(lan1)) e (35)
y = 90- (@rg(Ep1) -arg(lap1))  ceeerviiieeeeeeeie e (36)
i = 90- (@rg(Eps) - arg(l2p3))  wevvvrrriiieeee e (37)
e = 90- (@rg(Ens) - arg(l2n3))  ceeeeriiieee e (38)

THEORETICAL AND EXPERIMENTAL RESULTS

The results of the simulation programs which are based on the theoretical analysis are
compared with the experimental results, in order to demonstrate the validity of the
theoretical model analysis. The tests with sinusoidal and inverter excitation are compared,
too. The conclusions derived for such comparisons will identify the effects of feeding a
single-phase induction motor upon it's operation with much more confidence. The practical
measurements fall into two types, depending on the type of the supply that used to feed the
motor. One of them is the sinusoidal voltage waveform while the other is the quasi—square
voltage waveform. The experiments are divided into two sets of tests, each one of them
measured the performance of the motor at various loads while only the main winding is in
operation with rated voltage at rated frequency.

Table (1) Interaction between the air-gap flux Table(2) Reaction of stator and rotor harmonics
and rotor current components in case of sinusoidal. for nonsinusoidal

- | Ell plfSteadf|  Forward

[Eo Tt Jruisation ] 2F | e wlrusa

-M [ el _ollposl o
-mm | EJl lstead]] Backward

B edfPuisal[

| EJl Pulsal 4f

[ el a]puisa af

| EJl Pulsal 2f

[ el adPuisa af

| EJl LJdPulsal 6f

I el .llPuisal 6f

| EJl Lid[Pulsa 4f

Operation with Sinusoidal-Waveform Supply
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The measurements of the stator input current and the computed stator losses are plotted as
a function of slip as shown in figure(3) and (4), the corresponding theoretically predicted
current and losses as shown on the same figures, too. Both of these figures have a good
agreement with the simulation results.

Measured and computed input power are shown in figure(5). This figure shows that the
measured values slightly higher than the computed values with no more that 7% which may
be attributed to neglecting of the core losses assessment in the analytical model.

The measured results of the output torque is plotted in figure(6) together with the
calculated developed motor torque. The difference between the measured and calculated
values is less than 14% at the worst case since the mechanical losses where not include in
the mathematical model.

. j .
15 15

Figure(3) Input current Figure(4) Stator loss

15 ls

Figure (5) Input power Figure(6)Output torque

Operation with Quasi-Square Waveform Supply

In this test the single-phase induction motor is supplied by a 50Hz inverter of a quasi-square
waveform voltage, such that the fundamental voltage component is equal to the rated value.
Figure(7.a) shows the experimental applied voltage waveform at the terminals of the motor at
load conditions. Figure(7.b,c) shows that the harmonic order 5,15,...etc are not exist, since
the ON-time ratio of the quasi-square voltage of the used inverter is 80%. Figures(8) and (9)
show the experimental and simulation waveforms of the supply input current with it's
harmonic spectrum. Good agreement between the simulation and experimental oscillogram of
the input current graph is shown, noting that the simulation program plot the algebraic
summation of the fundamental and harmonic spectrums of the input current up to 19"
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harmonic order. Inclusion of harmonics orders higher than the 19" was found to be of little
importance.

The supply line current harmonics as a percentage of the fundamental line current (I4/11)
are shown in figure(10) for different loading conditions. It shows that with load increase; the
percentage harmonic current are decrease, since the increase in the fundamental current
component.

-a- -b- -C-
Figure(7) Input terminal voltage of the motor(a)Experimental waveform(100v/div,5ms/div)
(b)Spectrum analyzer (c)Harmonic simulation components

-a- -b- s
Figure(8) Input current to the motor at s=0.05 (a) Experimental waveform of current (2A/div,
5ms/div)(b) Spectrum analyzer(c)Simulation waveform of current

-a- -b- -C-
Figure(9) Input current to the motor at s=0.2 (a) Experimental waveform of current (2A/div,
5ms/div)(b) Spectrum analyzer(c) Simulation waveform of current
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Figure (10) Comparison of the simulation and experimental results of the input current
harmonics as a percentage of the fundamental at (a)s=0.05, (b)s=0.2.
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The measured and computed stator input current as a function of slip is shown in
figure(11) with a good a agreement. The stator loss have slightly higher difference between
the simulation and experimental results as shown in figure(12). The input power results
have a significant difference between the simulation and experimental results as shown in
figure(13) within 9.7% error. In figure(14) the torque measurements are lower than the
computation outcomes by 18.5%. The mechanical losses are neglecting in the simulation
analysis, and the difference is expected.

s o I e

Figure(11) Input current Figure(12) Stator loss
P M= o
A0
150 o1}
X 3 04 05 07 3 - 2 03 & 0= 2 n
1-s5 1-s
Figure(13) Input power Figure(14)Output torque

SIMULATION RESULTS

Since the experimental tests cannot be performed beyond the point of the maximum
torque, it is believed that using the simulation results is very useful to determine the
operational parameters of single-phase induction motor with two types of supplies down to
zero speed. This will be very useful in realizing the cumulative influences of harmonics
existence on the performance of motor.

Figure(15) shows the motor input current for the two types of supplies. It is clear from
this graph that there is a small increase in current due to the presence of harmonics.
Figure(16) illustrates the increase in the stator loss of the motor, as a result of the increase in
the rms input current, slightly greater than the sinusoidal supply. For the same reasoning, it
can be noted in figure(17) the slightly difference between the simulation graph of input
power.
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each type of feeding.

The simulation results of the torque pulsation are computed for single-phase induction
motor at the sinusoidal and inverter excitation, and then plotted as a functions of time for
It is clear from the graphs shown in figures (18) and (19), that the
torque pulsation of the inverter-fed motor is larger than that of the sinusoidal supply, as a

of Input current of stator loss

of input power

results of the presence of harmonics.
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Figure (18) Instantaneous pulsation torque at different loading
condition of single-phase induction motor at sinusoidal supply
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Figure(19) Instantaneous pulsation torque at different loading
condition of single-phase induction motor at inverter supply

3517

A. M. Saleh Performance Analysis Of Inverter-Fed
A. O. Kareem Single-Phase Induction Motor
" ]
- [T *"'"‘“*“*m
i - | —4—srasord 1pel e ‘“\’\ i g_ \“
[ ol N ] ‘
2 . i .\‘. TVt gty %

5t $u- LR 1 ¥
< % 5 & 3 \
¥ % BT % } & [
g i "o :: .‘ : =
. . TS b\ > )
A . & \ § ‘ '
& v i- '. = \

1 . a1 !

3 N a1 % ) L b

v ¥ \
\ 100> v
l’ !Q ] ‘\ 150t
| u“ 0 .';‘,
BRI 02 @ 0f 35 06 o7 06 a9 ! %o W 5z o a4 05 g5 &7 08 a3 15 3 01 08 03 08 09
e ¢ 14
Figure(15) Variation Figure(16) Variation Figure(17) Variation




@ Numberl Volume 15 march 2009 Journal of Engineering

CONCLUSIONS

From the comparisons of the theoretical and experimental results one can conclude that
the theoretical analysis developed in this study can reasonably simulate the motor
performance. The harmonics voltages and currents lead to increase in the input current, input
power and motor losses and consequently lead to a drop of the efficiency as a result of the
decrease in the output torque. The increase of the input power is mainly consumed in the
motor as losses representing an additional source of heat, which in turn lead to increases in
stator and rotor resistance and thus reduces the fundamental torque and decreasing the thermal
capability of the motor. The interaction of the harmonic currents with harmonic flux of the
same order produces a steady torque which could be positive or negative. However, the
harmonic currents and harmonic fluxes are relatively small as compared with the fundamental
and each pair of them torques are acting against each other, which may decrease each other
and the net torques is too small.

The pulsation torque is inherent in single-phase motors, even when supplied from
sinusoidal voltage source. With a non-sinusoidal voltage supply, the peak value of the
pulsating torque is higher than that of the sinusoidal supply as a result of the presence of
harmonics. The most important torque pulsation is that at two times the fundamental
frequency. All the present orders of harmonics are contributing in the generation of the
pulsating torque through their interaction with the other orders(including the fundamental).
Thus, the torque pulsation is not confined to (2f), but higher frequency torque pulsations are
also exist. However, there pulsations are of small amplitude and their net is reducing with the
order of the contributing harmonic, and therefore they are of little importance.
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APPENDIX[A]

Consider the general form for the quasi-square wave, shown in figure(A.1), where
i3 is the conduction period. This rectangle waveform can be analyzed by using Fourier
series using.

~E  —(z+p)2wi(Hx—- )2
v(wt)=| 0 — (7= p) 2wt((z - p)I 2
E (7 — ) 2wt{(z + B)/ 2

This function is an odd function since V(—wt)=—V(Wt)  therefore a, =0, i.e., no
cosine term.
The function have symmetry a bout the x-axis, therefore a,=0, and since the wave has

symmetry about each half cycle (i.e., V(Wt+7)=—V(Wt)) so there are no-even
harmonic, therefore :-

2 (z+p)I2
b, =— [Esin(hwt)d (wt)
7T (z-p)I2
Hence:-
. (hp
4Esin| —
b, = [ 2 j ................................................. (A.12)

The instantaneous value of "V " can be expressed as:-
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. (h i
4 sm(fjsm(hwt)
viwt)= ¥ —————— (A.13)
h=1,3 hz

The peak and rms values of the fundamental component are; respectively :-

AN

Vi =Vi ZAESIN®I2) ] T ovoeoeeeeee

Vi =Vi =2V2Esin(B/2)/ ' ovvveeeeeeiiiin,

v 4

Figure(A.1) Quasi-square waveform.

Appendix [B]

Motor and Inverter Specifications

Main winding resistance, rim, Q

Main winding reactance, Xim, Q
Auxiliary winding resistance, ri,, Q
Auxiliary winding reactance, Xia, Q
Stator magnetizing reactance, Xy, Q
Rotor resistance referred to main, rp, Q
Rotor reactance referred to main, x,, Q
Turn ratio

B (ON-time rating of the output voltage of the inverter)
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18.1
23.7
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9.59
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PID CONTROLLER DESIGN FOR THE SATELLITE
ATTITUDE CONTROL SYSTEM

Sami Kadhim Hasan Ar-Ramabhi
College of Information Engineering,
Nahrain University,
Baghdad- IRAQ.

ABSTRACT

A PID controller satellite attitude yaw-axis control system was designed to
step the angle of the satellite body via actuating a precise angular position of a DC
motor as quickly and accurately as most optimally possible. The (PID) controller was
advantageously chosen for its quick transient response and zero steady-state error. A
mathematical model has been derived for the whole satellite attitude yaw-axis control
system. Then, the computation power of the MATLAB is utilized to obtain a
generalized optimal controller design that enables the satellite attitude yaw-axis
control system to have the quickest settling time without excessive overshoot and zero
steady state error.
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KEY WORDS

PID controller, ACS mathematical model, satellite attitude yaw-axis control system,
ACS

INTRODUCTION

The control task of the satellite attitude control system demands an optimal
controller capable of precisely rotating the satellite body into the desired attitude. The
researches concerning satellite attitude control system are now conducted within the
premises of international space centers like NASA, The Danish @rsted Geomagnetic
Research center / ESA , and charted universities / institutions like Princeton Satellite
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Systems, Inc., CTA Space Systems, Inc. [1], engineering college of swarthmore of
Sccs .

Although some international efforts had been recently reported in the design
of attitude control system such as the @rsted satellite attitude control system (ACS)
project [5] [6] [7] [8] for its 65 kg micro-satellite, and a mutual project paper issued
by Princeton Satellite Systems, Inc., together with CTA Space Systems, Inc., the
development of Satellite Attitude Control System architecture, called the
SPACECRAFTC ONTROL SYSTEM [1]. However this research paper reports an
alternative powerful optimal controller design for the satellite ACS empowered by the
computational tools of MATHLAB [3].

The satellite attitude control system manipulates, in this paper, the angular
position of the satellite body around the yaw axis. A DC motor is advantageously
selected [2] [5] as the actuating element to rotate the satellite body to the desired yaw
angle. An amplifier is saturated by the correcting signal from the designed optimal
PID controller [1] [2] [4] to obtain the quickest response with zero steady state error.

The mathematical model of the whole satellite system has been derived. A
PID controller is optimally designed accordingly via a powerful MATLAB program
and a Nyquist stability analysis is conducted.

SATELLITE SYSTEM MATHEMATICAL MODEL:

The satellite attitude control system can diagrammatically be represented by
the following block diagram;

©i(s) E(s) _ | Designed U(s) Va(s DC T(s)r Satellite system eo(s)=

-+

Controller motor

Fig.(1) The Satellite attitude control system

The moment of inertia of the entire system is J, which encompasses both the
satellite body moment of inertia about the axis of rotation at the center of mass (Jf)
and that's of the motors' armature (J,). There is a viscous friction, B, as part of the
load elements.

Let us first obtain the transfer function of the satellite system. The angular
displacement 0,(s) of the satellite body around the yaw-axis is the output of the
satellite system and the DC motor torque T(s) is the input. Thus the transfer function
of the satellite attitude system is (6,(Ss)/ T(S)).

2

The differential equation for the load elements is; J (ddtfo )+ B(ddi") =T .(1)

Taking the Laplace transforms of both sides of equation (1) and assuming zero initial
conditions, we get after rearranging;  s(s +%)6’0 (s) = @ ............ (2)
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0, %

Directly from equation (2), =——>=—""~"— ............. 3)
) s(s+ ?)

Next, the transfer function of the DC motor can be obtained as the torque T(s)
is the output form the motor, and the input is the amplifier voltage (Va(s)), which
supplies current (iy) to the resistance (R) and inductance of the armature winding,
consequently, the motor creates a back-emf, vy,. Thus, by applying the kirchhoff's
voltage law, the differential equation for the DC motor armature circuit is;

L(%) +Ri, =(V,—V,) <o 4)

Taking the Laplace transforms of both sides of equation (4) and assuming zero initial

conditions, we get; I,(s) = Va(S) _VFT ) (5)

L(s +f)

Since the motor's torque (T) is proportional to the armature current, (i,). Then,
T=K1i;........ (6)

Taking the Laplace transforms of both sides and Substituting, we get;

ﬁ (Va (S) _Vm (S))
L R
(s+ I)

T(s)=

Where, K. is the torque gain.

And the angular velocity from the motor is proportional to the back-emf, vy, thus;

Where, Ky, is the back-emf, (vi), gain.
Since at steady state, the angular acceleration term = zero, in equation (1), so we get;

T=8%% .. ©)

dt
. K
From equations (8) & (9) we get, v, = ?'“T ............ (10)

Taking the Laplace transforms of both sides, substituting, and rearranging we get;
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_ Ky (BV,(s) =K, T(9))

T(S)=——2——_" 2 ... (12)
BL R
(S"'I)
BL(S-i—%)T () =(BV,(s)—K,T(S) -eerenerennnn. (12)
(BLs+BR+ K K )T(S)=K;BV,(S) .cevevvnnnne (13)
(s+ w) BLT(S)=K;BV,(S) .eevevrennnn. (14)
K, 1
T(s)=T (BR+ K K_) V() v (15)
(s+—7—")
BL
16 _ K

Hence, the DC motor has a first order transfer function; ..... (16)

V,(s) (s+b)

Where1 Kk = & , and, b= M
L BL
Now, the control signal, U(s), is the feeding signal to the isolating amplifier
of the DC motor, and its output, V, (s), equals the input signal multiplied by the

Va(s) _
0o =Koy - (17)

amplifier gain, K amp, hence the amplifier's transfer function is;

6, (5)
U (s)
equations. (3), (19) & (20), with the angular displacement 6,(s) of the satellite body
around the yaw axis is the output of the satellite system and the control signal, U(s), is

6.(s) Kak
o\S) _ e T (18)
U (S) S(S + E)(S + b)

can be obtained from

Therefore, the satellite attitude system transfer function

the input as following;

KampKk
Where, K, = L

Equation (18) represents the satellite system transfer function which is a type one
system.

The gains and the constant parameters within the general transfer function, as
presented in equ (21), of the satellite system may be determined by selecting the
closed loop pole locations. When selecting the pole locations, it is important to
consider first the numerical values of the particular satellite body inertia, the DC
motor armature inertia and electrical & electronics components, and the amplifier gain
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value. Hence, the following numerical values will be accounted for in this paper to go
,(s) 1

forward in the optimal controller design; =
U(s) s(s+2(s+5)

PID CONTROLLER DESIGN:

The satellite attitude control problem, in this paper, is to design a PID controller, able
to step the yaw-axes angle so that the satellite body can be rotated into the desired
attitude with little overshoot as quickly as less than two second settling time estimated
for an approximately 90 degree step. The settling time criterion was within 98% of
the final value.

The PID controller might be designed, as the control platform scheme for the satellite
attitude control system. The controller transfer function, G(s), is;

Gc(s)z%zKp(1+%+Tds) ................. (20)

Where, K, = the proportional gain T; = the integration time, Ty = the derivative time.
Since the satellite attitude transfer system has an integrator, equ (22), hence the PID
design starts with the second method of the Ziegler-Nichols tuning rule [7] [9]; and

2
the controller transfer function become; G_(s) = KM ............. (21)
S

And the control problem is to determine the values of, K, and, a, such that the unit
step response will exhibit the maximum overshoot, m, between 5% and 0%, and the
settling time, ts, will be less than 2 sec.

A MATHLAB program is written to set the search region as;
2<K<40 0.05<a<0.5

The step size for, K, to be 1 and that for, a, to be 0.05, so that to find the first set of
variable (K) and (a) that will satisfy the satellite attitude control specifications.

6, ()

The closed loop transfer function ﬁ IS given by;
S

0,(s) (Ks? + 2Kas + Ka?)
0.(s) (s*+6s®+(5+K)s® +2Kas + Ka?)

A possible MATLAB program that produces the first optimal set of variable (K,a) and
that will satisfy the given specifications is shown in appendix (1). The optimal values
obtained by this program are; K = 21.0000, a = 0.3000, m% =4.71%, ts = 1.8100 sec.
The resulting unit-step response curve is shown in appendix (2).
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STABILITY ANALYSIS:
The designed optimal controller satellite attitude system may confidently be
verified further by the stability analysis via Nyquist diagram. Thus, the open loop gain

K(s+a)’
s?(s+1)(s+5)

is given below: G, (S)G,,,(S) =

Substituting the optimal values (K, a) of the PID controller in the above equ., and re-
(21s® +1.26s +1.89)
(s* +6s° +5s)

write it into a polynomial form, we get; G, (s)G,,, (s) = ... (24)

Consequently, the Nyquist plot is shown in appendix (4) as a result of running the
MATLAB program in appendix (3).

Since the (-1) point is not encircled, the system is stable, which is confirmed
by the obtained step response of the satellite attitude control system, as the unit step
response exhibits the maximum overshoot, m, between 5% and 0%, the settling time,
ts, is less than 2 sec, and zero steady state error. Thus the satellite did not lose control
of itself when performing the real life operations in space.

COCLUSION

A PID controller is optimally designed for the satellite attitude control system
so that the satellite body can be rotated around the desired Yaw-axis attitude of (90)
degrees as quickly as less than (2) second settling time without excessive overshoot of
not more than 4.71 %. A mathematical model for the satellite attitude control system
is derived to be repeatedly utilized in analysis and design of the PID controller.

The powerful MATHLAB was the tool for the design and stability analysis
stage. The outcome is a MATHLAB program which outputs an optimal PID
controller parameters (K, a) to suite the control requirements of any satellite attitude
control system.
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%%%%%%  PID controller for the SAC system %%%%%%%%%%%%%%%%
t=0:0.01:2.5;
for k = 40:-1:2;%start outer loop to vary the k values
for a = 0.5:-0.05:0.05;%start inner loop to vary the k values
num = [0 0 k 2*k*a k*a’2];
den =[1 6 5+k 2*k*a k*a"2];
y = step(num,den,t);

m = max(y);
s = 251; while y(s)>0.98&y(s)< 1.02;
s =s-1;end;

ts = (s-1)*0.01;
ifm<1.05& m>1.00 &ts<2.0
break;% breaks the inner loop
end
end
ifm<1.05& m>1.00 &ts<2.0
break;% breaks the outer loop
end
end
plot(t,y); grid; title( 'the satellite attitude control system unit step response’)
xlabel('t sec'); ylabel(' the satellite angular yaw axis position’)
solution = [k;a;m;ts]

solution =

21.0000
0.3000
1.0471
1.8100

Appendix (1): a MATHLAB program to obtain the optimal PID controller
parameters (K, a) that meets the satellite attitude control system.
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the satellite attitude control system unit step response

1.2

m% = 4.71%

ts = 1.81 sec.

0.8

the satlitte angular yaw axsis position

0.2

t sec

Appendix (2): The unit step response of the SAC system.

%%%%%%% Nyquist plot of the SAC system open-loop transfer function %%%%%
%%%% Gc(s)Gsat(s) = (21s2+1.265+1.89)/(s4+653+552)%% %% %% %%%%%%%

num =00 21 1.26 1.89];
den=[16500];
nyquist(num,den)

v = [-2 2 -5 5];axis(Vv)

grid

title('Nyquist plot of Ge(s)Gsat(s)")

Appendix (3): MATLAB program to plot the Nyquist Stability Diagram for the PID-
controlled satellite attitude system.
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Nyquist plot of Gc(s)Gsat(s)
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Appendix (4): Nyquist Stability Diagram for the PID-controlled satellite
attitude system.
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IMPROVED DATA DETECTION PROCESSES USING
RETRAINING OVER TELEPHONE LINES

Sarcote.N..Abdullah
Electronic & Communication
Eng.Dept.College of Eng.
Baghdad University

ABSTRACT:

This paper describes two new developed detection processes for a modem over the public
switched telephone network. The modem is a synchronous serial system using a 16-point
QAM signal with a detector. The detector is preceded by an adaptive filter that is adjusted
to make the sampled impulse response of the channel and filter minimum phase. The idea
of these two new detectors is to transmit a known retraining data every specified interval
and make use of these known data to improve the conventional nonlinear equalizer and
near maximum likelihood detector.

Results of computer simulation tests are presented comparing tolerance to additive white
Gaussian noise with retraining and with out retraining. The detectors with retraining
achieve a better noise performance than conventional detectors. Furthermore the amount
of retraining data is varied to find the best compromise between efficiency of data
transmission and performance improvement

-dada

Gu alllll xa (16-QAM)  Jariion ad sall 158l b e Jany a0 gl CalSl) dglaal (58 Hla Caal) 128 Coiay
Gl glaa Jlu ) ga QSIS (a5 <8 slall ol s IS i el ae Andadal) LN Aladin) Jaad Caie il e 28K
el Cradd dpnlal) aladiuly BlSlaall il CallSl) ool puail Cila glaall 38 (e BaliLY 5 (5 ) 93 JSa Lo (3dia
el ueat (53l Lgale (3dtal) il glaall aladid Led on g Leale (3dtall il glaall Jlu ) g REISI gl oy 45 a4
cad\.u‘)\}.“ BC«QSU...\.\&AAS‘;J‘:\.\MJM\ Ay leale G3diall QLAM\MJML@\@J&LA}AHM\JWN\
elia gl Al cla¥) B2 5

KEYWORDS:
Detection,Equalizers,simulation,telephone channel,data transmission

INTRODUCTION:
In the search for a data- transmission system that achieves the fastest possible
transmission over a linear channel ,a study must be made of the detection processes that
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are the most tolerant to a considerable reduction in the bandwidth of the transmitted
signal and hence a considerable intersymbol interference. The intersymbol interference
can be removed by means of an equalizer which may be linear or nonlinear. But a better
tolerance to noise is achieved through the use of a maximum likelihood sequence
estimation implemented with Viterbi algorithm in place of the equalizer (Forney, 1972;
Proakis,2001).

Unfortunately with severe intersymbol interference Viterbi algorithm becomes
unacceptably complex, so that a simpler but somewnhat less effective detector must be
used. Considerable advances have been achieved in the development of a potentially cost
effective detector, for the application just mentioned ( Eyuboglu andQuereshi,1988;Duel-
Hallen and Heegard,1989;Gerstacker and Schober,2002;Kamel and Bar-
Ness,1994;0livier et al,2003 )(Xiang-guo and Zhi,2005)

A promising technique for overcoming this problem is to modify the Viterbi algorithm
detector in such a way as to reduce both the amount of storage required and the number
of operations per received data symbol but without reducing greatly the tolerance of the
detector to noise, such systems are referred to as near maximum likelihood detector.
These detectors, operate basically similar to the Viterbi algorithm but using a different
selection process for the stored sequence of possible data symbol values, and only a very
few of these sequences (typically 4-16) are stored with the corresponding costs (Clark et
al ,1978;Clark and Fairfield,1981;Clark and Clayden,1984;Clark et al 1985;Clark and
Abdullah,1987;Alhakim and Abduulah,1990)

* System model:
A model of the synchronous serial data transmission is shown in fig.1.

Low Low
(s)_,| Ppass > | Transmission path L —
filter A filter B
White

Gaussian noise

A

detector (Vi) | Linear feedforword I r(t
(ri) ~_r()

(si’)
< transversal filter D

t=IT

Fig.1 Model of data transmission system

The information to be transmitted is carried by the data symbol {s;} where

5, = a; + jb; 1)
And j=+/—1,a =+1lor+3andbj=+1or+3.
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The {si} values are statistically independent and equally likely to have any of their 16
possible values (16 point QAM). It is assumed that s; =0 for i<0, so that s; is the (i+1)™"
transmitted data symbol (Fig.2).QAM is used because it is a bandwidth efficient
modulation technique

-

[
L=

Fg. 2 16-point (1AM signal constellation

The linear baseband channel includes a low-pass filter A ( transmitter output filter),a
linear baseband transmission path and a low pass filter B(receiver input filter). The
transmission path includes a telephone circuit, together with a linear modulator at the
transmitter and a linear demodulator at the receiver. The resultant channel has an
impulse response y(t),which has ,for practical purposes, a finite duration while Gaussian
noise is added to the data signal at the output of the transmission path to give the
bandlimited Gaussian noise waveform w(t),with zero mean and fixed variance, at the
output of the low pass filter B. The output waveform for the linear baseband channel is

r(t) = X;5;9(t — iT) + w(t) 2

where r(t), y(t-iT) and w(t) are complex valued in the case of telephone circuits, the
shape of y(t-iT) is independent of iT, such that y(t-iT) is y(t) delayed by iT seconds. The
received waveform r(t) is sampled at the time instants{iT} to give the samples {r;},
which are fed to the linear feedforward filter D, whose corresponding output samples are
the {vi }. The real and imaginary parts of the noise components in the {r;} are statistically
independent Gaussian random variable with zero mean and fixed variance. The resultant
sampled impulse response of the linear baseband channel and filter is given by the vector
(sequence)
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E=[1le1e; ...... eg ] 3)

The delay in transmission over the channel and filter D, other than that involved in the
time dispersion of the signal, is neglected here, so that the first component of E (with
value unity)is taken to have no delay. Also ;=0 fori<0Oandi>g.

The linear filter D is an all pass network that adjusts the sampled impulse response of the
channel and filter to be minimum phase .This filter may be adjusted adaptively without
too much complexity(clark and hau,1987 ). The ideal adjustment of the filter is assumed
throughout this paper. The signal at the output of the filter D, at time t=iT, is

v = Ei:usf—heh + u, (4)

Where the real and imaginary parts of the {u;} are statistically independent Gaussian
random variable with zero mean and fixed variance ¢°. The detector has exact prior
knowledge of E and the possible values of s;. It uses this prior knowledge to determine
the detected values of {s"i} from its input signals { vi }.

CONVENTIONAL NONLINEAR EQUALIZER:
In the conventional nonlinear equalizer just prior to the detection of si, the equalizer form

Z; =Zi:1‘§i—heh (5)

This is an estimate of the intersymbol interference in z; and is subtracted from v; to give
the equalized signal

fi =V —Zj (6)

Which is fed to a threshold level detector, with correct detection of the data symbols s;_;
iy eeenn , Si.g the equalized signal becomes

fi =Si €o +W; (7)

si is now detected as its possible value s'; such that s'; e, is closest to fi. The incorrect
detection of one or more of the data symbols si.1 ,Si2, ...... , Si-g leads to intersymbol
interference in f; and so greatly increase the probability of error in s;. Errors in the
detected data symbols therefore tend to occur in bursts (Clark and clayden, 1984)

CONVENTIONAL NONLINEAR EQUALIZER WITH RETRAINING:

Here it is similar to the conventional nonlinear equalizer except that at the end of training
period it starts with correct detected data symbols {si}(fig. 3 )from the known retraining
period. Hence there will be a correct cancellation of intersymbol interference at each
retraining period (eq. 6) .Fig.3 shows how the sequence of information data and training
is transmitted. Furthermore it shows the various amount of training that is transmitted in
each case
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Retraining is already used in communication systems(such as GSM)(Olivier et
al,2003).This detector makes use of it.

Training

data Data
I I I
1 20 100 120
| | | | .
[ [ [ [
Setting
vectors to
correct one
(@)
1 20 500 520
| | | | .
[ [ [ [
(b)
1 20 1000 1020
| | | | .
[ [ [ [
(c)

Fig.3 Different retraining cases (a) 20-100, (b) 20-500, and (c) 20-1000

NEAR MAXIMUM LIKELIHOOD DETECTOR (CLARK AND ABDULLAH,
1987):

The data transmission is as shown in fig.1, just prior to the receipt of the signal v; from
the filter D. The detector holds in store 16 n-component vector (sequence){Qi.1}where

Qi1 =[Xin Xicn#1 .. Xi1 ] (8)
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And x;., takes on a possible value of s, for h=1,2,... n. Each vector Q;.; represents a
possible sequence of values of the data symbols Si.n Sin+ ... Si1. Each of these vectors
is first expanded to give the corresponding vector P;

Pi =[Xin Xim+1  --. X1 Xi ] 9

And hence the corresponding vector Q; with the smallest cost. The cost is calculated from
the equation

C =Cy +‘Vi _in—nen 2

(10)

Where Ci_; is the cost of the vector Qi.; from which P; was derived. Three vectors {Q;}
are added to each of the two smallest cost vectors, that differ only in the last component
and with smallest cost. One vector Q; is added to the third and fourth smallest costs of
the set of 16,differing only in the last component and with smallest cost. No vectors are
added to the four vectors {Q;} having the fifth to eighth smallest cost of the original set of
16 and the remaining eight of this set of vectors are discarded. There are now 16 vectors
{Qi} together with their costs. The detected. Value s;.,,’ of the data symbol s;., is now
taken as the value x;., in the vector Q; with smallest cost in the final set of 16 vectors

NEAR MAXIMUM LIKELIHOOD DETECTOR WITH RETRAINING:

Its operation is similar to near maximum likelihood detector above except that at the end
of every training period the {Q;} vectors are set to the correct one (correct Si.1, Si, ..., Sig)
(during the training period the data transmitted is known so it starts with correct vector)
During normal data transmission if due to noise the minimum cost vector becomes
different from the correct one the training period reinitializes it with correct one to start
again from a correct vector(fresh start)

COMPUTER SIMULATION TESTS:

Computer simulation tests have been carried out on the various systems described here to
determine their relative tolerance to additive white Gaussian noise when operating over
models of two different telephone circuits. The systems are as shown in fig.1 and
described in sections 3-6The telephone circuits 1 and 2 are close to the typical worst
circuits on the public telephone network in the UK. Table 1 shows the sampled impulse
response of the linear baseband channel and adaptive filter in fig 1.

Figs 3-6 show the performance of the various systems over the telephone circuits 1 and
2.The signal to noise ratio (SNR)is here taken to be y dB where

w =10log iz (11)
(2

The mean-square value of s; being 10 and the variance of v; being 26
The delay in detection for near maximum likelihood detector has been set equal to n=20
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Table 1 : Sampled impulse response of baseband channel and adaptive filter in fig.
1, for each of the two telephone circuits(Clark and clayden,1984)

Telephone circuit 1 Telephone circuit 2
Real part Imaginary part Real part Imaginary part
1.0000 0.0000 1.0000 0.0000
0.4861 1.0988 0.2544 1.9941
-0.5980 0.0703 -1.7394 -0.2019
0.1702 -0.1938 0.6795 -0.8086
-0.0245 0.1000 0.0408 0.5113
0.0100 -0.0258 -0.1189 -0.1463
-0.0134 0.0110 0.0343 0.0420
0.0056 -0.0042 -0.0185 -0.0364
0.0003 0.0003 0.0139 0.0261
-0.0008 0.0041 -0.0102 -0.0009
0.0000 -0.0061 -0.0019 -0.0034
0.0007 -0.0007 0.0037 -0.0046
0.0037 0.0002 -0.0028 -0.0006
-0.0019 -0.0025 -0.0019 -0.0046
0.0020 0.0008 0.0083 0.0022
0.0005 -0.0002 -0.0056 0.0059
-0.0022 0.0002 -0.0046 -0.0028
0.0007 -0.0005 0.0049 -0.0019
-0.0008 0.0002 -0.0009 0.0037
0.0005 0.0005 -0.0009 0.0003

It can be seen from figs 4 and 5 for nonlinear equalizer with various amount of retraining
that for telephone circuitl at an error rate of 10 an improvement of around 3 db is
gained by using 20% retraining(20-100).Furthermore 1.5 db is gained for 4%
retraining(20-500)

For telephone circuit 2 which has more severe intersymbol interference at error rate 107
there is around 4 db improvement when using 20% retraining and 2 db for 4% retraining
Furthermore in the case of near maximum likelihood detector figs 6 and 7 for telephone
circuit 1 at 10° error rate there is around 1.5 db improvement for 20% retraining over no
retraining, and 1 db for 4% retraining

Finally for telephone circuit 2 and near maximum likelihood detector there is 2 db
improvement for 20% retraining over the conventional near maximum likelihood
detector(no retraining) at an error rate of 10° and 1 db for 4%retraining
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CONCLUSIONS:

Retraining of near maximum likelihood detector and conventional nonlinear equalizer
improves its noise performance at the expense of reducing efficiency of data
transmission. Furthermore it can be concluded that the improvement obtained in the case
of nonlinear equalizer is more than that of near maximum likelihood detector. The
nonlinear equalizer with retraining seems to be a promising detector that combines both
simplicity and performance. The retraining amount could be decided according to the
application

Future work may include using retraining with Viterbi algorithm to improve its
performance. Also fading channels may be used instead of telephone circuits
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EFFECT OF AL HUWAYZA MARSH BOUNDARY
CONFIGURATION ON THE VELOCITY PATTERNS AND
WATER QUALITY DISTRIBUTION

Riyadh Z. Al Zubaidy
Shaimaa U. Kareem
Department of Water Resources, University of Baghdad

ABSTRACT

A two-dimensional depth-averaged hydrodynamic model and a two-dimensional water
quality parameters transport model were developed to simulate the characteristics of Al
Huwayza Marsh, which is considered the largest and most important marsh in the south of
Irag. The hydrodynamic model for Al Huwayza Marsh was built by using RMA2 model,
while the water quality model was built by using RMA4 model. These two models are part of
Surface Water Modeling System, SMS, software package.

To investigate the effect of the marsh boundary configuration on the variation of the
velocity pattern and the water quality within the marsh, both of the hydrodynamic and the
water quality models were applied to three cases of boundary configuration of Al Huwayza
Marsh. The first case represents the natural extension of the marsh boundary. The second case
represents the existing boundary configuration of the marsh, in which the south west of the
marsh is bounded by a dyke. The third case represents the Iraqi part of the marsh bounded by
the south west dyke and a dyke along the Irag-Iranian borders, which when completed will
separate the marsh into two parts.

Models runs were based on above cases of Al Huwayza Marsh boundary configuration
and topographical survey, hydrological measurements and routing, and water quality
measurements carried out by the Center of Rehabilitation of Iraqi Marshlands. Discharges of
all feeders and stages of the outlets are considered for wet, normal, and dry years. Feeder’s
seasonal discharges were averaged. High and low concentrations of three selected water
quality parameters of the marsh feeders were adopted in the model runs.

Generally, it was found that the flow velocities are relatively high at the inlets and
outlets of the marsh. The construction of the dyke along the Iragi-Iranian border leads to
variation in the direction of water flow in all portions of the marsh and a great reduction in
AsSuwayb River discharge. While, a slight effect was noticed in the mixing process of the
feeders’ water of different concentration in case three compared to other cases

Available online @ iasj.net 3392




R. Z. Al Zubaidy Effect of AL Huwayza Marsh Boundary
S.U. Kareem Configuration on The Velocity Profiles
and Water Quality Distribution

-

Ladal)
e 2y gl Bl e pailad Jidl oluall deg zasais 2l S Saalingam zisar dlae) o
zisai W . RMA2 zisai alatinls sl sl Ssalingngd) z3salll ol o capgiall Ghall il aals )
Surface Water Modeling syl slaill 3l (10 e3a Lty RMAL z3gai aladinly o5l o3 28 olall de s
.System
Als 3 olad Bl s g ge CYa EBB e bl Ao g masaiy (Sopuell zasail) Gakai &
Al el agaa aliial pmg Jidh YD ANl . el Jala olaall Aoty gl Lalal ulan lejsell 3g0a
sell qaas i AN Aalls L ysell o asin sa dgms Alls g el dpaal el gl i Agll Allall,
sel) i Ay Ba0nll 558 G Al Adhall dp0ad) daial e sandl oLisl JUS) aay Ahall 3p0al) e
e S
gl 2l ey amslsued) Gluldll ity spall Ho asoa Lpaas o gilall Gubi Cadic)
Jalaall Caylail) o e Jalatl) 5 aghal) Y1 HlailiSse OB (e 025 &5 g2 ihe sl madl 5 el
zisai g L) cCaplaaill @il agladll iV aed) 31 5 G adlally Axiedly Dbl i) Gulad ezl
< sed) Sl olie Ao il 5)lde jnles Gandd SSIAN Bl el sldie] &5 a8 oLl 4o s
Axiel (Ao saw oLl o) Bhnall Hea miliey Jilae v Luw Alle Gladl gy (S AaaDle 3 clagee
Lais gl g3 Caplat 855 A5 ysell alana 8 el (e colaladl 8 s (ga%e AV A8)al) S5aa))
cV ) iy A3 lae LA D)) & 50 dabaal) cldaall sl sell Jals BIAl Llee e Jd5 a0 oIS

KEY WORDS
Al Huwayza Marsh, RMA2, RMA4, Hydrodynamic model, Water quality model.

INTRODUCTION

The Iragi marshlands are the largest wetland ecosystem in the Middle East and Western
Eurasia. These marshes began to decline as a result of the increasing water demand for
different uses and dam building upstream Tigris and Euphrates Rivers in Turkey, Syria and
Irag, which attenuated the rivers natural flows. Iraq attempts to restore these marshes through
the actions of the Center of Restoration of the Iragi Marshlands, CRIM, of the Ministry of
Water Resources and some of interested international organizations.

Al Huwayza Marsh, which is considered as the largest Iragi marshland, spreads on the
east side of Tigris River within Misan Governorate crossing the Iragi-Iranian borders. The
major part of the marsh lies within the Iraqgi borders.

During the eighties of the last century, dykes were constructed west of Al- Huwayza
Marsh for flood protection and military purposes. Recently, construction of a new dyke has
been started along the Irag-Iranian borders within the marsh area that will separate the marsh
into two parts.

Generally, this study is focused on building both hydraulic and water quality models
of Al Huwayza Marsh to investigate the effects of the change in the marsh boundaries, due to
the constructed dykes, on the velocity distribution, circulation, and the water quality variations
of some selected contaminants.

GENERAL DISCRIPTION OF AL HUWAYZAH MARSH
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Al Huwayza Marsh is located to the east of the Tigris River in Misan Governorate and
extended to the Iragi-Iranian borders as shown in Fig.1. The total length of Al Huwayza Marsh
is about 80km measured from the northern bank of the marsh close to Ghzayla-AshSheeb
check point road down to Southern bank at AsSuwayb River. The average width of this marsh
is about30km, measured from the flood protection dykes along its west bank to the Iranian
lands at its east bank.

Al Musharah, Al Ka'hla River, Al Karkheh River, and AsSanna'f Marsh are the main
feeders, while Al Kassara and AsSuwayb Rivers are the main discharge outlets of the marsh.

The total area of Al Huwayza varies between 2350 and 3500km? in the flood season,
and it is reduced to the half during the dry season, Mohamed, 1999. Only the deep parts of
marsh that remain forming water ponds such as Al Huwayza, Um -Elniaj and Al Adhaim,
these water ponds are connected to each other by water paths that pass through dense areas of
Weeds, Reeds, Papyrus and other water bushes types, Al Furat Center, 2003.

The water level elevations during autumn vary between 1 to 2m a.m.s.l. then increase
to about 4.5m at the western part of the marsh in the end of spring and the early summer. The
deepest part of the marsh is at its northern part, including permanent lakes were the depth of
water exceeds 6-8m, the depth of water reduce going towards the south. However, in major
parts of the marsh, particularly that at the Iranian part of the marsh, the depth of water is less
than 3m, allowing the growth of reed.

AZZubair RIVEF
Al Husachi River s

UmAtTooss River

“ 3 Al Kassara River
3 b, > A

O g
: . 2 L
S, I . P
3 ’iﬁggﬂv-Wes_t dykes: e
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Dykes
As Sannaf Marsh

Al Huwayza Marsh|

Fig.1. General view of Al Huwayza Marsh.
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THE MATHEMATICAL MODELS

The Surface Water Modeling System, SMS, RMA2 is a two-dimensional, finite
element hydrodynamic modeling code that supports subcritical flow analysis. It computes a
finite element solution of the depth-integrated equations of fluid mass and momentum
conservation in two horizontal directions. Friction is calculated with the Manning’s or Chezy’s
formula, and eddy viscosity coefficients are used to define turbulence characteristics Donnell,
2004 a. RMA2 model was used to compute the water surface elevation and velocity variation
over Al Huwayza Marsh.

The Surface Water Modeling System, SMS, RMA4, is a companion model to RMAZ2,
is a finite element water quality transport numerical model. RMA4 is applied to represent the
transport of a contaminant, salinity intrusion in a system. RMA4 was used to investigate the
movement of some of the water quality parameters inside Al Huwayza Marsh.

THE BOUNDARY CONDITIONS

Fig. 2 shows a schematic diagram of the boundary conditions of Al Huwayza marsh
that were applied in the hydraulic analysis. Feeders flow assigned values were used at the
upstream boundary and the marsh outlets stage hydrographs were used as downstream
boundary.

Flow at Al Msharah River Flow at Al-

and AsSanna’f marsh \ Karkheh River

Flow at Um AtTooss
. —_—
River

Al Huwayza Marsh

Flow at Husa’chi
River

Water level at Al- / l

Kassara River

Water level at
AsSuwayb River

Fig.2. Boundary conditions schematic diagram of Al Huwayza Marsh.
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CASES STUDIES

Three cases were taken into consideration, which depend on the Al Huwayza Marsh
boundaries configuration. The first case represents the natural extension of the Al Huwayza
Marsh boundaries, the second; represent the present situation of marsh boundaries where the
south-west dykes limiting the natural extension of the marsh, and the third case represents the
Iragi part of the Al Huwayza Marsh only after completion of the east dyke along the Iraqi-
Iranian borders.

Case One

In this case study, Al Huwayza Marsh extends beyond the current existing south-west
dykes as shown in Fig. 3, which represents the natural extension of the marsh. The south-west
dykes were constructed for military purposes during the first gulf war The maximum surface
area of Al Huwayza Marsh for this case, when the water level at 7m a.m.s.l., is about 1800km?
with a storage capacity of about 5896 million m®. Al Huwayza Marsh with this boundary
configuration was studied by CRIM in year 2006. The study carried out hydrologic and
hydraulic investigations and water quality field measurements. Discharges were estimated to
be assigned for the marsh, this estimation depending on the results of the hydrological routing
scenario for wet, normal, and dry years.

Case Two

In this case study, Al Huwayza Marsh is bounded by the south-west dykes as shown in
Fig 3. This case represents the existing boundary configuration of the marsh. The maximum
surface area of Al Huwayza Marsh for this case is about 1240km? with a storage capacity of
about 4400 million m®.

Case Three

This case study includes the Iragi side of Al Huwayza Marsh only because of Iran has
planned and started constructing a dyke along its borders with Irag within the marsh area,
which when will be completed will separate the marsh into two parts. The total area of Al
Huwayza Marsh within the Iragi borders is about 1013km? with a storage capacity of about
3735million m°,

‘ ,@uth -West

&dykes

Fig.3. Sketch to deflne AI Huwayza Marsh boundaries.
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REQUIRED DATA

Discharge of all feeders and stages at the outlet were considered for for wet, normal
and dry years. The discharges of all feeders are presented in Table 1. The averaged inflow
from the Karkheh River into the marsh has been obtained from the Azadegan Environmental
Baseline studies, Iranian Ministry of Environment 2004, where the maximum flow entering
the marsh was 220m®sec during April and the minimum value of flow during October was
19m°/sec. The stages at the outlets were considered from the hydrologic routing achieved in
the study of CRIM, 2006

Water quality analysis was based on the highest and lowest concentrations of the water
quality measurements at the marsh feeders that were carried out by CRIM during the period
from January to July 2006, which are presented in Table 2.

Table 1. The averaged seasonal discharges in m*/sec of each feeder during wet, normal
and dry years, after CRIM, 2006.

Feeder
Season Al Husachi | Um AtTooss Al Msharah and Al Karkheh
AsSanna’f Marsh
Winter 96 60 184 130
Spring 75 53 37 207

Summer 38 25 18 55

Autumn 77 51 32 30
Winter 83

Spring
Summer 32
Autumn 20

Winter 45

Spring 68
Summer 19
Autumn 12

Table 2. High and low concentrations of contaminants , after CRIM, 2006.
Contaminant

High Concentrations Low Concentrations

TDS | NO3; [TURB.| SO, TDS | NO; | TURB.
(mg/l) | (mg/l) | (NTU) | (mg/l) (mg/l) | (mg/l) | (NTU)

Al Msharah 2670 | 9.8 145 | 280 430 | 28 | 1.02

Um AtTooss 1310 | 10 | 3136 | 260 |7.4| 540 | 0.88 | 26.69

Al Husachi 1390 359 | 280 |7.3| 530 | 3.24 | 14.17
Al Karkheh 1400 . 50 290 |7.2| 900 | 0.28 7
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Topographical survey of the Al Huwayza Marshwas carried out by CRIM, 2006, and
is presented in Fig. 4. Based on the topographical survey, the area elevation and storage
elevation relations for case one and two were computed and presented by CRIM, 2006. While,
the area elevation and storage elevation relations for case three was computed and presented in
Figs 5 and 6, respectively.

Bathemetry fores
6.50

.

5.58
o A.67

3.75

2.83
1.92
1.00

Fig. 4. Bed elevation of Al Huwyzah Marsh, after CRIM, 2006.
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Fig 5. Computed Area- Elevation curve of Al Huwayza Marsh, case three.
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Fig 6. Computed storage- Elevation curve of Al Huwayza Marsh, case three.

Manning roughness coefficient was used to define the bed friction of marsh and a value
of 0.045 were used for shallow non vegetated part and 0.07 for shallow vegetated part of the
marsh. Typha and reed are the major aquatic plants within the marsh, theses aquatic plants
cannot grow when the water depth is greater than 2m. This is the criteria used to separate the
vegetated from non vegetated zones within the marsh. The Manning roughness coefficient as a
function of depth that was obtained from RMA2 model is shown in Fig. 7.

The eddy viscosity is an addition coefficient that must be specified in the implementation
of the model. The value of eddy viscosity affects stability and turbulent fluid characteristics.
More than one technique was adapted in the definition of the eddy viscosity number.
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Fig. 7. Roughness values of Al Huwayza Marsh.
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VERIFICATION OF THE HYDRAULIC MODEL

The verification consists of comparing field water surface elevation at two locations in
Al Huwayza marsh which are Al-Adhaim and AsSodda bridge. Fig. 8 shows a good
satisfactory between the model predicted data and field measurement data at the two gauge
stations.

Predicted
Measured

5.8
5.6
5.4
5.2

4.8
4.6
4.4
4.2

Water Surface Elevation
un

winter summer spring

Time

a- at AsSodda Bridge station

5.8
5.6
5.4
5.2

I
4.8
4.6
4.4
4.2

Water Surface Elevation
Vv

winter summer spring
Time

b- at Al Adhaim station.

Fig. 8. Water surface elevation comparison at selected measuring stations.
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ANALYSIS OF THE CASE STUDIES
The velocity pattern and the water quality distribution of the three cases of boundary
configuration of Al Huwayza Marsh were analyzed as follows:

Case one

The flow velocity patterns were analyzed for wet, normal and dry years as shown in
Figs. 9 to 11, respectively. It is clear that the topographic of the marsh bed (refer to Fig. 4),
inflow (season) and the outlets capacities affecting the velocity profiles. The velocities are
higher at the inlets and outlets of the marsh than that at the interior part of the marsh. The
maximum velocities are at the outlets of the marsh, Al Kassara and AsSuwayb.

velocity (m/sec)
0.0500

0.0444 -
0.0389
0.0333
0.0278

during spring  during summer durin'g autumn during winter

Fig.9. Velocity pattern within the marsh during a wet year, case one.

velocity (m/sec)
0.0500
0.0444
0.0389
0.0333
0.0278

during spring during sunﬁmer during autumn during winter

Fig.10. Velocity pattern within the marsh during a normal year, case one.
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velocity {m/sec)

0.0200
0.0178
0.0156
0.0133
0.0111°
0.0089
0.0067
0.0044
0.0022
0.0000

during spring  during summer during autumn

Fig.11. Velocity pattern within the marsh during a dry year, case one

Case Two

Fig. 12 to 14 shows the flow velocity pattern for wet, normal and dry years of case
two, respectively. In addition to the above mentioned factors affecting the velocities within
the marsh the marsh boundary configuration is an additional factor that affects the velocity
variation within the marsh. Velocities of water are relatively high at outlets of the marsh but
the velocities at some of the inlets are reduced compared to that of case one. This reduction
may be referred to the increase in water level elevation within and the overall change in the
velocity patterns within the marsh.

velocity (m/sec)

0.0500
0.0444
0.0389
0.0333
0.0278

0.022
0.0167 =
o011 F°

0.0056
0.0000

during spring during summer during autumn during winter

Fig.12. Velocity pattern within the marsh during a wet year, case two.
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Fig.13. Velocity pattern within the marsh during a normal year, case two.
velocity (misec)
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Fig.14. Velocity pattern within the marsh during a dry year, case two

Case Three

The velocity patterns within the marsh for wet, normal, and dry years are analyzed as
shown in Figs.15 to 17, respectively. The velocity values Al Kassara River is of the high
velocity. Most of the out flow in this case is through Al Kassara River, while the flow towards
AsSuwayb River is reduced greatly and is approaches zero flow. The velocities at the north
east of the marsh near Al Karkheh River toward AsSuwayb River at the south along the Iraqi-
Iranian borders are reduced greatly, the water in this area is considered shallow and of very
low level of water because of the construction of the dyke in this area. Some of the marsh
areas are left dry.

By comparing the velocity profiles of case three with that of case one and two, a high
changes in velocity profiles can be notice at all parts of Al Huwayza Marsh for all of flow
conditions as a result of construction of the dyke along the Iragi-Iranian borders.
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Fig.15. Velocity pattern within the marsh during a wet year, case three.
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Fig.16. Velocity pattern within the marsh during a normal year, case three.
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Fig.17. Velocity pattern within the marsh during a dry year, case three.
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EFFECT BOUNDARY CONFIGURATION ON OUTLETS DISCHARGES

The discharges throughout Al Kassara and AsSuwayb Rivers are affected greatly by
the boundary configuration of Al Huwayza Marsh.  Table 3, shows the discharges through
these two outlets for the three cases of boundary configuration. The great impact is in case
three because of the construction of dyke along the line of the Iragi-Iranian borders, in this
case the velocities are reduced where the minimum value is at AsSuwayb River and the
discharges in this river will reduced greatly.

Table 3. The discharges in m*/sec of Al Kassara and AsSuwayb outlet during wet, normal,
and dry years.

Cases Study

Case 1 Case 2 Case 3
Al Kassara | AsSuwayb | Al Kassara| AsSuwayb | Al Kassara | AsSuwayb

Winter 354 116 217.3 253 300 40

Spring 229 143 174.5 197.5 156.5 8.5
Summer 50 86 59 77 75 6
Autumn 71 119 67.5 122.5 153.3 6.7
Winter 135 113 105 143 157.3 7.7
Spring 85 121 91 115 56.5 4.5
Summer 53 22 21 50 35 4
Autumn 60 18 30 48 55.3 2.7
Winter 31 24 32 26 12.7 0.35
Spring 55 25 31 49 12.1 0.89
Summer| 20.7 10 11 20 14 5
Autumn| 17.8 10.4 10 18 15.3 0.61

Available online @ iasj.net 3405



@ Numberl Volume 15 march 2009 Journal of Engineering

WATER QUALITY ANALYSIS OF THE CASE STUDIES

Steady state water quality model was applied to the three cases of boundary
configuration of Al Huwayza Marsh. This model depends on the hydrodynamic model and
advection—diffusion equation to obtain a solution. Based on the set of initial conditions that
represent the concentrations at the feeders of Al Huwayza Marsh, Table 2, the model used to
calculate the variation of the concentration of three water quality parameters, PH, TDS, and
NOgs, within the marsh. Flow of a normal year only was used in the model because the actual
field measurement for water quality model was during this year and the initial conditions were
applied for only the highest concentrations and lowest concentrations to show the variations of
the concentrations in these critical cases.

Case one

The PH variation within Al Huwayza Marsh for this case study can be shown in Fig.
18. Salinity variation, represented by TDS, within Al Huwayza Marsh is shown in Fig.19.
Fig.20 represents nitrate changes during spring and winter seasons. The concentration of all
contaminates within the marsh reaches a common value within short distances from the marsh
feeders; this is an indication to a good mixing process take place within the marsh.
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Fig. 18. Variation of PH within the Al Huwayza Marsh.
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Fig.19. Variation of TDS within the marsh.
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Fig. 20. Variation of NO3 within Al Huwayza Marsh.
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Case Two

Fig.21 shows the values of PH variation within Al Huwayza Marsh. Salinity in Al
Huwayza Marsh is shown in Fig.22. Fig.23 shows the nitrate changes for this case study. The
mixing process within the marsh still good.
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Fig.21. Variation of PH within Al Huwayza Marsh.
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Fig.22. Variation of TDS within Al Huwayza Marsh
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Fig.23. Variation of NO3 within Al Huwayza Marsh
Case Three

The PH variation for this case study is shown in Fig. 24. Fig.25 shows that TDS
concentrations in Al Huwayza Marsh. Fig.26 represents nitrate variation for this case study.
A slight effect may be notice in the mixing process of the feeders water of different
concentration compared to other cases which may be referred to the change in flow patterns.
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Fig.24. Variation of PH within Al Huwayza Marsh.
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Fig.25. Variation of TDS within Al Huwayza Marsh.
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Fig.26 Variation of NO3 within Al Huwayza Marsh.
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CONCLUSIONS
The study has come out with the following conclusions:

- The flow velocity is relatively high near the inlets and outlets of Al Huwayza Marsh.

- A high changes in velocity patterns and the overall water circulation was noticed at all parts
of Al Huwayza Marsh for all of the flow conditions as a result of construction of the dyke
along the Iragi-Iranian borders within the marsh.

- The discharge values increase at AsSuwayb River outlet of the marsh in case two. While a
great reduction in the discharges of this outlet was noticed in case three.

- A slight effect was noticed in the mixing process of the feeders’ water of different
concentration in case three compared to other cases.

- RMA2 and RMA4 models found to be a powerful tool in simulating the flow and water
quality and could be applied to study other Iragi marshlands.
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PREPARATION OF Nd - FLUORIDE LASER GLASS AND
INVESTIGATION OF ITS CHARACTERISTICS

Saad S. Rahmatallah and Ziyad H. Rasheed
Dept. of Nuclear Engineering University of Baghdad

ABSTRACT

Fluorophosphate neodymium laser glass has been prepared by discontinuous melting technique.
Special melting and casting conditions were followed to prevent devitrification of glass samples.
Furnace melting followed by slow cooling resulted formation of non vitreous glass. Problems of
high viscosity melt and incomplete solubility and immiscibility of glass components were
encountered by adjusting composition of glass components. X-ray diffraction analysis of the
prepared glass samples proved the formation of amorphous phase. The prepared Nd — fluoride glass
has low refractive index which is an important parameter for high power laser application. Optical
properties of Nd — fluoride glass samples were investigated. UV — visible spectra showed almost
total absorbance of light at wave length below 400 nm, while in the visible range a typical spectrum
of Nd** ions covers the entire range. Infra — red spectral properties of these samples were studied.
Transmission of the glass was found to be dependent on neodymium concentration.

KEYWORDS
Nd- laser Glass, Refractive Index, Optical Absorption, Infra- Red Measurement, Glass
Density, X-ray Diffraction, Glass Casting and Phosphate Glass.
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INTRODUCTION

The glass laser currently provides pulse of high power, energy, and radiance, and shorter
duration (Young 1967). There are several characteristics of the glass host which are important.
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Glass host is isotropic, durable, can accept large dipping concentration uniformly, and can be
fabricated inexpensively in various shapes and large sizes with diffraction limited optical quality
(Snitzer and Young 1968). The index of refraction of host glass can be varied from 1.4 to almost
2.0 and the thermal properties can be selected to minimize the optical aberrations caused by
temperature variation in the laser rod (Loh 1966). One of the most useful laser systems is that
which results when the Nd** ion present as an impurity atom in glass (Snitzer and Young 1968)
and (Johnson and Nassau 1961). The first report of laser action using a glass host material was by
Snitzer in 1961 using a potassium barium silicate glass containing 2-wt% neodymium oxide
(Snitzer 1966). Since then much research has been carried out to determine the effects of glass
composition on the parameters which affect the laser performance of glasses doped with rare earth
ions (Patek and Edwards 1970). The Nd** doped glasses have been studied in most detail but the
behavior of other fluorescents rare earth ions has also been examined, e.g. Yb*", Ho®*, and Er®**
(Young 1984).

In addition to oxide host glasses (including tellurite and germanate as well as the more familiar
silicate, borate and phosphate systems) the work has included a number of halide and oxyhalide
systems (Weber 1983)

The small refractive index of some fluoride glasses makes them a prime material for high
powered lasers, such as those used for nuclear fusion research. A good fluoride glasses may be
defined as one that has a low refractive index, resistant to moisture attack, and can be made into a
large block without devitrification. Pure BeF, glasses would be ideal if it where not for the fact that
BeF, is hygroscopic. Other less soluble fluorides such as CaF,, MgF,, etc. must be incorporated to
raise the resistance to moisture attack, even though their presence increases the probability of
devitrification.

In the binary systems of fluoride glasses containing BeF, and alkali fluoride or alkaline earth
fluoride, a large mole fraction of BeF, has to be present in order to form a glass (Rawson 1967).
This requirement is also the case in the ternary systems; alkali / alkaline earth / Be fluorides found
by Vogel (Vogel 1971). The resulting glasses are sensitive towards moisture attack. To over come
this problem is by reducing BeF, fraction but this may lead to devitrification of glass and loss of its
optical properties. Sun found that this problem can be solved by substitution of AlF; for BeF, (Sun
1949), (Sun 1949) and (Sun and Huggins 1951).

One glass made by Imoka has the mol % composition 12 BeF,, 32 AlF;, 29 CdF,, and 27 PbF,
(Imaoka 1954). These results indicate that AlF; is a good intermediate in a glass formation; it
yields glasses with superior optical quality, stable with respect to moisture attack and
devitrification.

The refractive index of fluoride glasses varies with their composition. Goldstein and Sun
reviewed refractive index values and composition of 114 fluoride glasses (Poulin et al. 1977) and
(Vogel 1966).

Sun developed a composition of vitreous fluorophosphate systems on the base metaphosphate
aluminum and fluorides of metal from the first and second group of the periodic table of the
chemical elements (Goldschmidt 1972), (Heyne and Anorg 1933), (Mackenzie and Baldwin
1976) and (Sun 1950). Several authors have studied domains of glass forming and some
physicochemical and optical properties in fluorophosphate glasses. IR spectroscopic investigations
of the glasses show that structural lattices of these glasses have phosphate, fluoride and
fluorophosphates groups (Golubtsov et al. 1969), (Golubtsov et al. 1971), (Golubtsov et al. 1970)
and (Golubtsov et al. 1971). The presence of different rare earth ions at different mole percentages
were investigated (Kolobkov et al. 1971), (Chalilev et al. 1979) and (Chlilev et al. 1978).

In this work phosphate — borate based Nd doped fluoride glasses were prepared. Formations of
vitreous phase were examined together with some optical properties.
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EXPERIMENTAL WORK

Materials, EQuipments and Instruments

Chemical compounds: the following compounds were used: B,O3; (as H3BO3), P,Os, MgF, NaF
and Nd,Os. Their purity is the highest available, but not less than 99%.

Crucibles: made from platinum, nickel, porcelain, silica, alumina, graphite and Pyrex.

Melting equipments: electrical furnace type (Nabertherm FRG) and high temperature torch (Butane
— oxygen) were used.

Analytical balance: type: Sartorious (FRG) sensitivity 0.1 mg was used for weighing process of the
raw materials. It was used for density measurement.

Refractive Index Measurements: a traveling microscope was used. Method described else were
(Krylova and Poluehktov 1995).

X-Ray Diffraction: measurements were carried out using Phillips XRD machine type PW-1840
with copper target.

Optical Measurements: SHIMADZU spectrophotometer type (UV — 1650 PC) (Japan) was used for
ultra- violet to visible range spectra absorption measurements in the wave length range 200 — 1100
nm.

SHIMADZU spectrophotometer type (FTIR -8000) (Japan) was used for recording transmission of
the glass samples in the frequency range 500 — 4000 cm™.

Preparation of glass samples
The aim of the experimental work is to find a successful combination of different working
parameters that ultimately yield a glass sample suitable for examination and presentation as a laser
glass medium. These parameters involve:
1. The selection of chemical formulation which contain adverse materials or compounds that
differ in;

e Thermal stability, during heating and melting.

e Solubility and miscibility with other compounds.

¢ Do not suffer segregation or phase separation upon cooling.

e Resistance to devitrification, which usually results a non-glass medium.
Suitable heating, melting and cooling steps.

3. Inertness towards atmospheric attack, so it is easier practically to carry out the work under
normal atmosphere and no further complication for need of inert atmosphere or special
containment.

4. Due to the presence of fluoride ions in the glass melt, only platinum crucibles are suitable
for melting and graphite mould for casting.

5. Only melting furnace or gas torch is suitable to carry out melting steps which is followed
by pouring out the melt into the graphite mould.

As mentioned above there is a need for a compromise to yield a proper glass sample suitable
for optical examination.

N

RESULTS AND DISCUSSION

Glasses can be made from many substances oxide and non oxide. Traditionally, glass must
contain a major percentage of silica which is the glass forming oxide. Attempts to find a new glass
forming oxide have led to the discovery of phosphate and borate glasses. Recently, new types of
glasses are prepared to meet specific requirements and applications, these are germinate, arsenate,
tellurite, tungestate, titanate, molybdate, vanadate and plumbate glasses (Snitzer and Young 1968).
The non oxide glasses systems mainly chlorides and fluorides. These glasses transmit to longer
wave length in the infra — red than do the silicate glass, and may eventually replace silica — based
fibers in optical communication systems (Drexhage 1985) and (Trans et al. 1984).
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Upon addition of aluminum oxide or fluoride to silica, the cation AI** substitutes for Si** in the
lattice thereby leads to the stability of the network, and thus is referred as network intermediate.
Neodymium oxide or fluoride which is an intermediate acts as active medium in the lasing process.

The previously mentioned compositional facts have found to affect the properties of the prepared
glass. Many experiments were carried out aimed to prepare neodymium containing glass of
fluorophosphate base by discontinuous melting technique. The glass mixture is heated rapidly to a
temperature higher than the melting point of its components, stirred and mixed well to assure
complete mixing and miscibility of mixture, and then cast rapidly in a graphite mould i.e. quenched.

Only platinum crucible was found suitable for this work. Porcelain, quartz and silica crucibles
were cracked while nickel and stainless steel crucibles were attacked vigorously due to reaction of
the melt (fluoride ions) with nickel and iron at high temperature (Trans et al. 1984).

Many experiments were carried out to achieve the proper composition of the glass components.
A new formula containing nearly 50 wt % of both glasses formers (B,Os, P,Os) and glass
intermediate (AlF;, MgF,, NaF, Nd,O3) gave successfully glass samples suitable for laser work.
The chemical composition is given in table (1). Nd,O3 varies as in the following (LG9: 4wt %,
LG10: 2wt %, LG11: 1wt% and LG12: Owt %). Glass samples LG9 has intense violet color, the
color intensity decreases as the concentration of the Nd,O3 is decreased, as shown in Fig. (1).

In laser glass research, the aim is to manufacture a low refractive index glass. This target was
found to be possible with fluoride glasses but the refractive index varies with their composition. In
the prepared glass, the average value of index of refraction Nd = 1.392 + 0.053 and thus, the
refraction loss R = 2.7 %, and the transmitted light is 94.6 %.

Since fluoride glass is a mixture of many compounds; therefore, it is expected that the glass
density is an average figure of fractional densities of its components. The measured densities of the
prepared fluoride glass samples have an average value in the range 2.5£0.07. Glass density is an
important technological factor; it is a critical factor in melting as in casting processes. It affects the
refractive index and other optical properties.

To prove the formation of glass material from non — oxide or non — silicate compounds mixture,
a blend of known composition was taken, sodium and magnesium fluoride added to it boron oxide
(as boric acid) and phosphorous pentoxide. The compounds of this blend were mixed thoroughly
and examined using x-ray diffraction technique which revealed clear pattern of these compounds.
This is shown in Fig. (2). When the mixture was melted, cast and cooled, then examined by x-ray
diffraction technique. The spectrum showed no pattern, only amorphous phase which is an evidence
for glass formation; this is shown in Fig. (3) (ASTM Cards). Thus fluoride glass can be formed
when alkali and alkaline earth fluorides are melted together with boron oxide and phosphorous
pentoxide (glass formers) in the presence of aluminum oxide or better aluminum fluoride, the glass
intermediate which plays the role of glass modifier. Furthermore, rapid cooling of the melt prevents
devitrification process and thus only glass phase is formed table (2).

Optical properties of Nd fluoride glasses

Developments of new optical materials become necessary when measurement and
discrimination of electromagnetic radiation reached beyond the visible spectrum into ultraviolet and
infra—red.

The spectral range of transmission is limited on the short wavelength side by electronic
resonances and on the long wavelength side by atomic resonances. Light intensity is reduced by
reflection which depends on the refractive index of the material, angle of incidence of the light, and
in the absorption region on the absorption coefficient (McCarthy 1963) .

Further intensity losses are caused by light scattering resulting from irregularities on the surface
or inclusions inside the material. For laser applications, absorption coefficient measurements can
insure that the specific wavelength absorption of the laser beam is below required level.
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Spectral absorbencies for glass samples LG9, LG10, LG11, and LG12 were measured in the uv-
visible range between 200 and 1100 nm. The results of all samples are shown in Fig. (4)- (7), the
following observation can be made:

e Light is completely absorbed in the wavelength below 300 nm and partially absorbed
between 300 —400 nm. This case is similar to that found in window glass (soda lime glass)
which has a composition Na,O — CaO — SiO,.

e In relatively pure quartz the absorption edge is placed approximately at the wavelength
A=190 nm in the ultra — violet region of the spectrum (Sigel 1973), Pure sodium fluoride and
magnesium fluoride do not absorb uv-light, their absorption edge are 140 nm and 110 nm
for single crystal respectively. Vitreous boron trioxide with an absorption edge at 170 nm
transmits well in the ultra-violet region of the spectrum (Vaughen 1944). Boron oxide and
aluminum fluoride, both of them are trivalent, thus furnish the glass matrix with pairs of free
electrons which enhanced resonances of the radiation with frequencies of electrons of
various level of bonding. Therefore, the location of the absorption edge in the ultra-violet
region of the spectrum depends upon the composition of the glass as well as the chemical
nature of its components (Nc Swain 1963).

e Glass LG12 does not contain absorbing component, thus it is transmitive for radiation in the
visible region of the spectrum, see Fig. (7).

e Nd doping of fluoride glass is necessary factor in laser application, thus glasses LG9, LG10
and LG11 are doped with 4, 2 and 1 % Nd as Nd,O3 respectively. The violet fluoride glasses
revealed complex absorption spectra in the visible region which is a characteristic spectrum
of rare-earth ion (Stewart and Kato 1958); this complex spectrum is due to strong
absorption due to transitions between different electronic configurations. In rare-earth ions
in solid matrix, the 4f levels are strongly shielded from the crystal field by filled 5s and 5p
shells and as a result, the emission lines are well defined sharp and narrow and the level
structure varies slightly from one host to another (Dieke 1958).

e A plot of absorption maxima of Nd* ion in the glass of different wavelength against
neodymium concentration is shown in Fig. (8). The absorption increases as the
concentration is increased, but the rate of increased is lowered at 4% Nd concentration
which means that higher Nd concentration is not useful, but trouble may be faced regarding
solubility of glass components and its transparency. The figure implies that all spectra lines
are due to neodymium since the absorbencies increase with the Nd concentration.

The energy of most molecular vibrations corresponds to that of the infrared region of the
electromagnetic spectrum. Quanta of infrared radiation can excite atoms to vibrate directly, thus,
the absorption of infrared radiation gives rise to the infrared spectrum. The largest vibrations are
exhibited by the charges of the so called dipoles in resonance (Banwell 1972).

The IR spectra of the glasses contain characteristic bands related to alkaline metaphosphate
which are observed in the spectral range 1425 — 1350 cm™ (Corbridge and Lowe 1954). Wassilac
et al investigated properties, structure and spectroscopy of fluorophosphate glasses doped with Nd.
They established correlation between shift in spectral lines and concentration of fluorides in the
glass (Kolobkav et al. 1977). The presence of bands in 760 — 730 cm™ is due to P-O-P vibration or
P-F bands in monofluorophosphate anion (Margaryan and Arutunyan 1973). Fig. (9) to (12)
show the infrared spectra of fluoride glasses of the system B,O3; — P,Os — AlF; — MgF, — NaF
prepared in our laboratory. Glasses LG9, LG10 and LG11 are shown in Fig. (9), (10) and (11)
respectively. The spectra are identical but differ in percentage of transmission. They are
characterized by the appearance of the spectral bands at 3450, 2450, 1750, 1650, 1550, 1300, 1100,
650 and 500 cm™. The transmission of these bands increase as the neodymium concentration is
increased. Glass LG12 which is free from Nd shows different IR spectrum especially in the range
800 -1600 cm™.
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LG12 LG11 LG10 LG9

Fig. (1) Samples LG9-LG12

Table (1)
Composition of fluorophosphate laser glass LG9

Compound | Weight % | Mole fraction %
AlF; 30 27.8
NaF 10 50 18.6 >58.9
MgF» 10 12,5
Nd,O3 4 0.9
B,0O3 26 29.1
P,0s 20 46 110  40.1
Element Weight % | Mole fraction %
Al 9.6 6.7
Na 55 4.4
Mg 3.9 3.0
Nd 3.6 0.48
B 8.2 14.1
P 8.7 16.9 5.3 194
F 31.0 31.0
O 29.5 35.0
F/P 3.56 5.85
F/B 3.78 2.20
B/P 0.94 2.66
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Table (2)

X-ray diffraction lines of infused glass
LG9 components Fig. (2)

Angle 20 Spacing d compound
14.7 5.984 AlF;
14.7 5.980 B,O;
16.0 5.515 AlF;
27.3 3.261 B,O;
27.7 3.210 B,O;
28.8 3.091 AlF;
35.1 2.545 MgF,
40.4 2.227 MgF,
43.8 2.062 MgF,
49.9 1.823 B,O;
53.4 1.712 MgF,
56.8 1.617 MgF,
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Fig. (2). X-ray diffraction for the sample LG9 (before melting)
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Fig. (3). X-ray diffraction for the sample LG9 (after melting)
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Fig. (8) Dependence of uv-visible absorption maxima on neodymium concentration
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Fig. (9) IR- spectral of Nd glass sample LG9
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VIBRATION ANALYSIS OF ROTATING PRE-TWISTED CANTILEVER
PLATE BY USING THE FINITE ELEMENT METHOD

Oday I. Abdullah
University of Baghdad / College of Engineering
Nuclear Engineering Department

Abstract:

In this paper the finite element method has been used to determine the fundamental natural
frequencies of a pre-twisted plate mounted on the periphery of a rotating disc. Three dimensional,
finite element programs was built using three noded triangular shell element as a discretization
element for cantilever plate, this element has six degrees of freedom at each node. All formulations
and computations are coded in (FORTRAN-77). The investigation covers the effect of speed of
rotation, disc radius, aspect ratio, pre-twist angle and skew angle on the vibration characteristics of
rotating cantilever plate. For this analysis, the initial stress effect (geometric stiffness) and other
rotational effects except the corioles acceleration effect have been included. The eigenvalues have
been extracted by using simultaneous iteration technique. Results shown that the natural
frequencies increase when; angular speed and disc radius are increases.
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rotating pre-twist plate, natural frequency, geometric stiffness, FEM.

INTRODUCTION:

The natural frequencies of rotating turbomachinery blades are known to be significantly
higher than those of the non- rotating blades. For reliable and economic designs of the structures, it
IS necessary to estimate the dynamic characteristics of those structures accurately and efficiently.
Since the blades are generally idealized as cantilever beams (a few investigations assumed the blade
as a cantilever plate), the vibrations of rotating cantilever beams have been studied in several
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investigations. An early analytical model to calculate natural frequencies of a rotating cantilever
beam was suggested by (Southwell 1921). Based on the Rayleigh energy theorem, a simple
equation that relates the natural frequency to the rotating frequency of a beam was suggested. This
equation is known as the Southwell equation, and widely used by many engineers nowadays. Later,
to obtain more accurate natural frequencies, a linear partial differential equation that governs
bending vibration of a rotating beam was derived by (Schilhansl 1958). Applying the Ritz method
to the equation, more accurate coefficients for the Southwell equation could be obtained. Since the
early 1970s, due to the progress of computing technologies, a large number of papers based on
numerical approaches have been published. For instance, in references (Bauer 1980),
approximation methods for the modal analysis of rotating beams were employed. More complex
shapes and the effects of beams were also considered. The effects of tip mass (Wright 1982),
elastic foundation and cross-sectional variation (Kuo 1994), shear deformation (Yokoyama 1988),
pre-twist and orientation of a blade (Subrahmanyam 1987), and gyroscopic damping effect (Yoo
1998) on the modal characteristics of rotating cantilever beams were studied. Survey papers for the
vibration analysis of rotating structures are available (RAO 1987). The most widely used modeling
method for the transient analysis of structures is the classical linear modeling method (Bodley
1978). This modeling method employs the Cartesian deformation variables and the linear Cauchy
strain measures. It has several merits such as simplicity of formulation, ease of implementation in
finite elements methods, and efficiency of computation, which results from the use of co-ordinate
reduction techniques (Hale 1980). This modeling method, however, often provides erroneous
results when structures undergo overall motion such as rotation. To resolve the problem of the
classical linear modeling method, several non-linear modeling methods (Christensen 1986) have
been developed. With these non-linear modeling methods, the problem of accuracy can be resolved.
However, serious computational inefficiency results from the non-linearity that disables the co-
ordinate reduction techniques. More recently, a new linear modeling method for the dynamic
analysis of a flexible beam undergoing overall motion was introduced (Yoo 1995).

THEORETICAL BACK GROUND:

The formulation follows a pattern similar to that in (Henry 1974). Two Cartesian co-
ordinate systems are used, an absolute fixed system R,(X,Y,Z,) and a local system

R, (XY Z ) (see Fig. 1) attached to the rotating disc.
The potential strain energy U and kinetic T are, respectively,

— 1 t
U ‘ELo.g od(vol) (1)
1 72
T= Ejvolpv d(vol) (2)
For plate bending problems, according to (Zienkiewicz 1979), the strains are given by:

{e}={jp}+{gg} )

g,and & are strains due to in-plane and bending displacements respectively and ¢ is the effect of

bending displacements on mid-surface strains.
The stresses are given by,
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o
{a}={6p} o

Where {o,}and {o}are in — plane stress resultants and bending and twisting moments,

respectively.
With the definitions for stresses and strains U is given by,

U=P+P,+P, (%)

Where P, P, plane stress, bending strain energy and P, supplementary strain energy due to the
effect of bending displacement on mid-surface strains, more expressions forP,, P, and P, are

standard (Timoshenko 1959).
At rest the co-ordinates of a typical Point M on the mid-surface are(x, y,0). Due to the
displacement,

{d}=[u,v,w] (6)

The instantaneous co-ordinates of M are (x+u,y+V,z+Ww) , and then

X, | [X+u X; +X+U
—R —R —R
OM =0l +IM =<y, y+Vr=3Y,+Yy+V (7)
z, W Z, +W
The angular velocity in the R, system is
—R,
Q :[Ql Qz Qs]t (8)

And the absolute velocity of the point M is given by,

8O—M>R1 u* Q, X; +X+u u*+Q, (2, +w) -Q, (y, +y+Vv)
V= ot VO, e XY Y HVe =] VI Q (X +X+U)=Q, (Z; +W) | (9)
R wo|Q, Z, +W W'+ Q (Y, + Y+V)—Q, (X + X +U)

Computing \72(i.e.,\7t\7), canceling the terms like those proportional to z”which give no

contribution when Lagrange's equations are applied, and substituting the result in Eq.(2) one can
write the kinetic energy as (Timoshenko 1959),
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t t

u* u* u u
T:%jp Ve oLy d(vol)+%jp v' e [A]qvd(vol)+
vol W. W. vol W. W
: : (10)
T u’ X; + X u
1 : : 1
1PV Al v dvo +2 [ ey +yp A4V d(vol)
vol w* w* vol Zi w

0 -20, 20,
[Al=| 2Q;, 0 —20Q, (11)
—20, 20, 0

Q; +Q§ —QlQZ _ngs
[Az]: _ngZ le +Q§ _9392 (12)
—Qlﬂg —Q3§22 Qg +Q§

DERIVATION OF THE STIFENESS MATRIX:
The polynomials for the displacements uand vare linear in L, L,and L, while for the

displacementsw the polynomial assumed is cubic (Zienkiewicz 1979).
The in — plane nodal displacements are defined by,

{Ch}: [ul Vi Uy 'V, Ug Vg ]t (13)
And the bending nodal displacements are defined by,

{qz} = lWl ! exl ' eyl ’W2 ! 0x2 ' eyz ' W3 ! exs ! 0y3 Jt (14)

After standard finite elements procedure one arrives at,

u_N N_L10L20L301617
V}-[ HadNd=| o8 g s

W} =[N, Ka,}IN,1=[Ny, N, .Ny T (18, 19)
N, =L+ UL+ L LG -L 20)

Ny, :bs(l-i L2+%|-1L2 L3)_b2(|—3|-$+%|-1|-2 L) (21)
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Ny, :as(l-i L2+%L1L2 L3)—a2(L3I_f+%L1L2 L) (22)

The other shape functions for nodes 2 or 3, can be written down by a cyclic permutation of the
suffixes 1, 2, 3.

L1, Lo, Lz and the area co—ordinates, and a; andb, , are defined in Fig.2.

Once one knows the expression for the strain and the shape functions, then k ; the in—plane stiffness
matrix, and Kk, , the bending stiffness matrix can be easily derived. The integration is performed by
using numerical three-point integration (Cowper 1973) over the triangular area.

DERIVATION OF GEOMETRIC STIFENESS MATRIX:
Owing to the presence of the in—plane stresseso?, 03 and rfy in the middle surface caused by

rotation, the additional strain energy stored in the element is given by P,. This additional strain
energy results in an increase in the stiffness of the elements by an amount,

k3= IA[G]‘{;‘J T%}[G]hdA (23)
Where [G]is defined by

ow

% =[Gla.} (24)

ax

For details, see (Zienkiewicz 1979). It is easy to show that,

1 1
U=§qt[k+kf]q+§qtkeq. {q}=[a,, q,]' (25, 26)

Therefore,

ouU/oq=[k+k,;]q+k;q 27)

DERIVATION OF MASS, CORIOLES AND SUPPLEMENTARY MATRICES, AND THE LOAD
VECTOR:
By using Eqg. (16 and 18) in Eqg. (10) and then applying Lagrange's equations one obtain,

(d/dt)|eT 70" |-[eT /eql=m g™ +cq” +keq—F  (28)

With [N] defined by,
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The element mass matrix is,

[m.1=p [[N]' [N1d (vol) (29)

vol

The element Coriolis matrix is

[C1=p [IN] [A][N]d (vol) (30)

vol

The element supplementary or rotational stiffness matrix is,

[kel=p I[N]t [A,JIN]d (vol) (31)
Moreover, the force vector is,
X; + X
{F}=p [INI'[A] Y, +y{d (vol) (32)
vol 7

FINAL MATRICES AFTER ASSEMBLY:
Adding expressions Eq. (27 and 28) and equating the result to zero gives the final
differential equation of the structure after assembly in from,

M. g™ +Cq° +[K, + Kg + K;1q = F(Q?) (33)

The matrix K depends on the initial stress distribution. Initially the stresses are taken as zero and
the equation.

[Ke +Kela=F(Q") (34)
Is solved for the initial stress distribution o,,. Then the solution of,
(Ke +Kq (o) +Kg)a= F(Q?) (35)

Gives a new stress distribution o . The stress values were found to converge within two iterations.
Finally the frequencies and eigenvectors are found for the deformed configuration. The equation of
motion of the structure, with the cariolis matrix neglected, is

Me g™ +[Ke +Ke (0) +Kg1g=0 (36)
Assuming harmonic vibrations, q = g, €"*, one has
[Ke + K (0) + Kg —@® Mc]q, =0 (37)
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In which M_and K. + K + K are symmetric and positive definite matrices Eq. (37) is standard

eigenvalue problem and is solved for the eigenvalues and eigenvectors by using a simultaneous
iteration technique (Jennings 1977).

The tapered and skewed plate can be also be modeled by triangular shell elements, the variation in
thickness being accounted for by defining the thickness of the element at the three nodes. For
formulating all the matrices the element thickness can by taken as the mean of the nodal
thicknesses.

VERFICATION TEST:

The present works were comparing with the numerical results in (Rao 1999) to find the
fundamental non-dimensional frequency of vibration for rotating cantilever plate. Table. (1)
explains the current results with numerical results in (Rao 1999), and the values of percentage error
with numerical results. In this table, the maximum error not exceeds (2%). The data for the
verification case are:

E =217Gpa, p=7850Kg/m*,0=0.3, b=35mm,t =3mm,1/b=2,t/b=0.0625,r/b=4,00 =6 =30°

RESULTS AND DISCUSSIONS:

The fundamental bending frequencies with out Coriolis effect are computed for pre- twisted
cantilevers plates of two different aspect ratios (1 and 2), and for various values of non-dimensional

speed of rotation (ﬁ fromOtol), of pre-twist angle (a:0°,45° and 90"), of skew angle

(0=0°,45° and 90”) and non-dimensional disc radius (F:r/I,fromOto 1.5). Fig. 3 show the

suitable mesh sizes where chosen for aspect ratios (1 and 2) in this analysis (The suitable mesh for
the aspect ratio 1 and 2, which obtained after convergence test). In all computations, Poisson's ratio
was taken as (0.3), and the material of the plate has been assumed homogeneous and isotropic

(E=200*%10°N/m* p=7850Kg/m*)and  the dimensions of the cantilever plate
were (b =40mm, t =2mm).

Figs. (4 and 5) show the variation of non-dimensional frequency of vibration (,B) with non-
dimensional speed of rotation (ﬁ) for different twist and skew angles corresponding to the aspect
ratios (1 and 2) respectively, for plate having(on). The second set of results will initiate the
tendency of change of () with (F) for different twist and skew angles were show in Figs. (6 and
7) corresponding for aspect ratios (1 and 2) respectively, for plate having (ﬁz 0.5).

The frequencies of all results are independent of skew angle and disc radius but dependent
on pre-twist when the structure is stationary. The all-natural frequencies increase with increase in

non-dimensional speed of rotation (5) for all combinations of three skews (49:0",45" and 90°)
and three twists (a =0°,45" and 90°), and for both cases of aspect ratios (1 and 2). The rate of
increase is maximum for the combination skew= (0) and twist=(0°), and is minimum for the

combination skew= (90°) and twist= (90"). In general it has been observed that the rate of increase

decrease with increase in pre-twist as well as with the increase in skew angle. At any given speed
(including stationary case) and skew angle the frequency decreases with the increase in pre-twist
angle. The maximum and minimum percentage increases in the frequency value, with the increase

Available online @ iasj.net 3498




O.1. Abdullah Vibration Analysis Of Rotating Pre-Twisted Cantilever
Plate By Using The Finite Element Method

in speed (ﬁ from Otol) are roughly about 48% (when the skew is(0°), the twist is (O) and (F: 0))
and about 6% (when the skew is(90°), the twist is (90°) and (Fz O)).

From Fig. (6 and 7) it can be seen that all the frequencies increase with increase in
disc radius (Fz r/1) for all cases. When the non-dimensional disc radius is increased from (0 to 1.5)
the value of () is maximum for the combination skew= (90°) and twist= (90°), and is minimum for

the combination skew= (0) and twist= (O) The maximum and minimum percentage increases in
the frequency value, with the increase in non-dimensional disc radius (0 to 1.5) are roughly about
25% (when the skew is(90°), the twist is (90")) and about 20% (when the skew is(O"), the twist is

©).

CONCLUSION:

A modal formulation for the free vibration of a pre-twist cantilever plate with setting angle
is presented. Three dimensionless parameters are identified through a dimensional analysis: the
aspect ratio of the plate, the ratio of hub radius to the plate length, and the dimensionless angular
speed. The effects of the other parameters, such as well as the setting angle and twist angle on the
natural frequencies of rotating cantilever plates are investigated. It is shown that the rotating plate's
natural frequencies increase with the angular speed, that their increasing rates grow as the hub
radius increases, and that the natural frequency decreases when the skew and twist angles increases.
In addition, it can be noted that the frequencies of all results of are independent of skew angle and
disc radius when the cantilever plate is stationary.

Table. 1 Values of fundamental non-dimensional frequency of vibration (ﬂ)
for stationary and rotating cantilever plate.

Present Work (Rao 1999) Error %
(©Q=0) 3.403 3.437 1.0

(©=2000 rpm) 3.525 3.579 1.5
(Q=4000 rpm) 3.902 3.974 1.8
(€ =7000 rpm) 4.799 4.892 1.9
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Fig.3 Suitable mesh size for pre-twisted cantilever plate.
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Fig. 4 Variation of non-dimensional frequency of vibration with non-dimensional speed of
rotation(a/b =1, r =0).
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Fig. 5 Variation of non-dimensional frequency of vibration with non-dimensional speed of
rotation(a/b=2, r=0).

Available online @ iasj.net 3501



@ Numberl Volume 15 march 2009 Journal of Engineering

( —&— Twist=0",Skew=0" —B— Twist=45" Skew=0" —A— Twist=90",Skew=0" \
—&— Twist=0",Skew=45" —B— Twist=45" Skew=45" —A— Twist=90",Skew=45"
—+— Twist=0",Skew=90" —»¢— Twist=45",Skew=90" —%— Twist=90",Skew=90"

5.5
c
2
= 5
—
2
> /
G 4.5 ¢
>
(&)
c
S 4
g 4
.
“
Tg /
2 35
(72}
c
g
= 3
<
o
Pz

2-5 T T T T T T

0 0.3 0.6 0.9 1.2 15 1.8
Non-dimensional disc radius

Fig. 6 Variation of non-dimensional frequency of vibration with non-dimensional disc
radius(a/b=1, Q=0.5).
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Fig. 7 Variation of non-dimensional frequency of vibration with non-dimensional disc
radius(a/b=2, Q=0.5).
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NOMENCLATURES:

Coriolis matrix of the element

Width of the rotating plate m

Length of the rotating plate m

Displacement of a typical point in the mid-surface

Thickness of a typical of an element
Thickness at the nodes 1, 2, 3

Thickness of the rotating plate
In-plane, bending and geometric stiffness matrices of an element

=
o T Ql ©» To
>
w

=~
N o~
=~
@

©

Additional stiffness of an element
Mass matrix of an element
Nodal displacements of the structure

In-plane components of the displacement d
U, Vv, In-plane nodal displacements of node i

Qm3 Eay

w Components of the displacement d normal to the mid-
surface
W, Bending nodal displacements of node i

X,y Components of IM in R;

Xt Z, Components of Ol'in R,
A Area of the triangular element
C Coriolis matrix of the structure
D Flexural rigidity of the plate, = Et® /12(1—02)
E Young's modulus
F Nodal centrifugal force vector for the element

E(QZ) Nodal centrifugal force vector for the structure
Ke, Kg Elastic and geometric stiffness of the structure
Kk Additional stiffness of the structure
L,L,, L, Area co-ordinates of the triangle
M. Mass matrix of an structure
N,N;,N,,N,; —N,s Shape function
P.P, Plane stress, bending strain energy
P S_upplementary strqin energy due_to the effect of bending
3 displacement on mid-surface strains
R(OXYZ) dGiIs?:bal Cartesian co-ordinate system attached to the rotating
R, (OXOYOZO) Absolute fixed Cartesian co-ordinate system
R, (IXOYOZO) Local Cartesian co-ordinate system
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Kinetic energy
Total potential energy

Absolute velocity of M

Non-Dimensional frequency of vibration, = wa’®,/pt/D
Strains

Strain due to in-plane and bending displacements

Effect of bending displacements on mid-surface strains

Skew angle, setting angle
Twist angle”
Poisson's ratio

Mass density Kg/m?®

Stress N/m?

In-plane stress resultant
Bending and twisting moment
Initial in-plane stress

Frequency in rotation (rad/sec)
Frequency at rest (rad/sec)
Speed of rotation (rad/sec)
Components of Q in R,
Non-dimensional speed, =Q/ o,
r/a
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EFFECT OF ICE FORMATION ON AIRFOILS PERFORMANCE
(PART-I)

Najdet N. Abdullaand  Haitham Q. Hasoun

ABSTRACT

A numerical investigation was conducted to study the effect of simulated ice accreted on airfoil
aerodynamics performance. The simulated ice shapes were tested on NACA 0012 airfoil wing at
different Mach numbers. The study includes the one of the famous types of ice accreted on the
airfoils called the rime ice.

The calculation of ice droplet trajectories was performed by solving the trajectories
governing equations of the droplet using FVM. A numerical model based on staggered FVM is built
up to solve the governing equations of a body fitted grid, trajectories equation, continuity equation
and momentum equation using FORTRAN 97. The turbulence model of (k-&) has been adopted in
the programming to evaluate the turbulence effect. The program is valid for any type of 4 or 5 digits
airfoil. The program is available to evaluate the rime ice accumulation. The pressure, lift, drag and
pitching moment coefficients are computed and compared with that of clean case results. The
program was run over different Mach numbers, to compare the results obtained at these Mach
Numbers. The investigation of the work was tested on NACA 0012 in a range of angle of attack 0°
to 6°, where stall starts at this angle of attack as demonstrated by the results.

The results show that the severity of ice formation could be more dangerous with increasing
the angle of attack or the Mach number.
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INTRODUCTION

Icing on an airfoil or craft is defined as that condition where supercooled water droplets freeze on
airframes or airfoil and form amount of ice which disturbs the airflow. In recent years, the number
of icing related accidents has stimulated a renewed interest in the effect of icing on aerodynamic
performance of aircraft (Anderson, et al, 2001). The formation of ice on aircraft components such
as wings, control surfaces and engine intakes, occurs when the aircraft flies at a level where the
temperature is at, or below freezing point and hits supercooled water droplets (Anderson, et al,
2003) and (Anderson and Ching, 2003 ).

The presence of ice accretion on unprotected aircraft components can lead to a number of
aerodynamic penalties and consequently causes a serious safety problem. The most severe penalties
encountered deal with decreased lift, increased drag, decreased stall angle, changes in the pressure
distribution, vibration, early boundary layer separation, and reduced controllability. In fact, test data
on ice effects indicate that the presence of ice on unprotected wing may increase drag by as much as
40% and reduce lift by 30% (Bergrun, 1947). To overcome these penalties, various practical
methods have been used to remove or prevent accumulation of ice on aircraft surfaces by applying
de-icing/anti-icing procedures. Modern types of airfoils have been developed, but, still needs
specific ice protection systems to maintain their aerodynamic efficiency and safety margin.

Icing on aircraft occurs when the aircraft flies at a level where the temperature is at, or slightly
below the freezing point and the atmosphere contains supercooled water droplets. When these
droplets are hit by the aircraft they begin to freeze immediately. As the water droplets freeze,
however, heat is released so that their temperature rises until 0°C is reached. As this temperature is
reached, freezing stops while the remaining liquid fraction of the droplets starts to run back along
the surface of the aircraft or along existing ice and freeze downstream. The freezing fraction
depends mainly on the temperature. At colder temperature a large part of a droplet freezes by
impact while at higher temperature only a small part freezes while the remaining part freezes slowly
(Bragg, et al, 1982).

The more dangerous types of ice are encountered in dense clouds, composed of heavy
accumulations of large water droplets.

Icing is one of the most serious hazards for aircraft. Icing comes from the freezing of cloud
droplets, or supercooled droplets which remain in liquid state even at temperatures far below
freezing, when they are stuck by the aircraft during the flight. Cloud droplets may freeze
instantaneously and form rime ice on unprotected surfaces or run downstream and freeze later
forming glaze ice structure. Icing is most severe when temperature is near 0°C but may be
encountered at temperature as low as -40 °C.

Icing is described as trace, light, moderate or severe which depends on the type of clouds, the type
of aircraft, and the type of icing protection systems. The distribution of potential aircraft icing zones
is mainly a function of cloud structure and temperature, which in turn vary with altitude, location
and season. There are two types of clouds that may present icing conditions;

1) Stratiform clouds (continuous icing conditions) with horizontal extents up to 200 miles, altitudes
5,000 ft, liquid water content ranging from 0.1 g/m3 to 0.9 g/m? and droplets diameter varying from
5 to 50 microns.
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2) Cumuliform clouds (intermittent icing conditions) with vertical extents at altitude of 10,000 ft,
horizontal extent of about 6 miles, liquid water content ranging from 0.1 g/mé to 1.7 g/m3 and
sometimes as high as 3.9 g/m3 or more, and droplets diameter similar to the case of stratiform
clouds.

Icing can be serious when the cloud has high liquid water content. Some types of precipitation
cause serious icing conditions while others may indicate the presence of serious icing in the
vicinity. Freezing rain ahead of warm fronts presents a serious icing for aircraft flying near the top
of the cold air mass beneath a deep layer of warm air. This is because rain drops are much larger
than ordinary clouds droplets and may lead to high liquid water content. Icing may also comes from
freezing drizzle just near the cloud base where the accretion on aircraft. Presently, more droplets are
large.

Rime Ice Growth and Its Physics and Mechanism Process

The ice growth starts with the process of condensation. Water vapor condenses around particles and
forms water droplet. The particles may grow up to 50um or more. For larger droplets, such as rain
drops which may exceed 1000um, collision-coalescence and ice crystal theory must be included to
explain growth process.

Rime ice is a dry, milky and opaque ice deposit which usually occurs at low airspeed, low
temperature and low liquid water content. It is characterized by the instantaneous freezing of the
incoming supercooled water droplets as soon as they hit the surface of the body trapping the air
inside. As a consequence, the shape of the surface is altered generating performance penalties due
to the loss in the aerodynamic characteristics and to the added weight which introduces an
unbalance of the aircraft components during the flight, as shown in Fig. (1).

1. Awr Temperature: LOW
1. Air Speed: LOW
3. Ligmd Water Content: LOW

4. Water Droplet: FREEZE ON IMPACT

Fig. (1) Typical rime ice conditions on an airfoil [Bergrun, N.R, 1995].

The geometry of rime ice growth is shown below in Fig. (2);
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Fig. (2) Geometry of ice growth calculation [Bragg M.B. and Kerho Michael, 1994].

Important Factors and Parameters Affecting the Aircraft Icing

The amount and rate of icing depend on a number of meteorological and aerodynamic factors. Of
primary importance are:

1-  The amount of liquid water content of droplets.
2-  The size of the liquid water droplets.

3-  The temperature of aircraft surfaces.

4-  The collection efficiency.

5-  Icing intensity.

6-  Air speed.

MATHEMATICAL FORMULATION

The main objective of ice simulation is the calculation of the impingement of the particles on the
airfoil which determines the droplet impingement regions as well as the mass of liquid on the body
surface.

The mathematical formulas are a process with a time-stepping procedure where successive thin ice
layers are formed on the surface and followed by flow field and droplet impingement recalculations.
The calculation of the water flux impinging on each grid forming the wing surface can be
performed, then the ice accretion is calculated and the geometry is modified defining the ice shape
for the first time step. The procedure is then performed for another time step to calculate a new ice
layer.

Trajectory Calculations

To calculate the droplet trajectories, we assume that the volume of the droplet remains constant
throughout the entire process. Although the droplet may or may not keep its spherical shape the

droplet density p, remains constant throughout the whole path, the initial droplet velocity is equal to
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the free stream velocity U_ the droplets are much smaller than the body considered so that they do
not affect the velocity field (Bragg, 1988).

The equation of motion of the droplet is given by (Bragg and Kerho, 1994);

1(CyRe
a=— u-—v
o[ 555 v o
And K is the inertia parameter and define as;
pd Dequ 0
" 18Cu @)

For Reynolds number below (1000) the following formula for Langmuir is used (Langmuir and
Blodgett, 1946);

CoRe 1 0.197Re® 42,610 Re'® (3)

For Reynolds number higher than (1000) and below (3500) the formula (Paraschivoiu and
Brahimi, 1994);

C,Re

=1.699*10°(Re) (4)

For Reynolds number higher than (3500) Hansoman formula's is used (Hansoman, 1985);

C, Re

=1.669*107° (Re)*** (5)

Modified Inertia Parameter

The modified inertia parameter for (Anderson and Ching, 2003) formula is used in eq. (1) which is
described as follows;
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(=Lt (kY o
8 ﬂ“stokes 8
Where
A -1
— (08388 +0.001483Re, +0.1847,Re, ) ™
stokes
And
u(MvVD
Red = M (8)
)7

Turbulence Model (k-¢ Model)

There are many two-equation models used in numerical today. Among them is the (k-¢) model. The
reason of using the (k-¢) model is that in two-dimensional thin shear layers the changes in the flow
direction are always so slow that the turbulence can adjust itself to local conditions, and if the
convection and diffusion of turbulence properties can be neglected it is possible to express the
influence of turbulence on the mean flow in terms of a simple model such the mixing length model,
while if the convection and diffusion are not negligible (as in the case of flow around an airfoil) a
compact algebraic prescription for the mixing length is no longer feasible, and the mixing length
model lacks this kind of generality, so the way forward is to consider a statements regarding the
dynamics of turbulence (Versteeg and Malalasekera, 1995).

In general form the transport equations for (k) and (¢) can be expressed in Cartesian coordinates as
below (Chung, 2002):

(), <L) ] = i), o) o), + 2 0
(ie), =[e),], + S22 ), + ) J), + S22 (10
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Boundary Conditions and Properties

It is important to clear out the flying conditions and its properties, and these included the Mach
number, pressure, ice density, ice intensity, air density, air viscosity, air temperature, LWC, droplet
diameter, droplet effectiveness distance, and all these conditions are shown in table 3.1. Also the
freezing fraction is taken 1.0, and the accretion time is taken in this work equal to 180 s. Table 1
below shows the properties and conditions of air and droplet.

Table 3.1 properties and conditions of air and droplet.

=z
o

Variable

Magnitude or
quantity

Units

Mach number, M

0.3,0.4and 0.5

Nondimensional

Air pressure, P,

101

kN/m?

Airfoil Chord

1

Ice density, pi.

1.2

g/lcm3

Ice intensity

SEvere

non

Air density, p,

1.2

kg/m3

Dynamic viscosity of Air

17.1%10°°

N.s/m2

Altitude h

9000

m

OO N | OO PDIW DN

Air temperature, T,

-12.6

CO

LWC

1.0

g/m3

Droplet diameter

50

um

Droplet effectiveness distance

FLOW FIELD CALCULATION

4.5 of Chord length

Nondimensional

The flow field calculation is needed to determine the velocity of air so that the droplet trajectory
calculation can be solved. Where the equation of the airfoil that the flow field must flow over is;

y = [é)*(O.Z%Q*xO'S ~0.126%x—0.3537*x? +0.2843*x° ~0.1015*x*) (11

Where the basic equations governing incompressible and steady state fluid flow in Cartesian
coordinates are the continuity and momentum equations stated as:

(), =0 (12)
(pujui),j :_P,i +(Tii ),j (13)
bi s referring to the viscous stress tensor, and its constitutive relation in Newtonian fluid:
2 0u
T :y((ui)]j +(UJ)I)—§,U&.5” (14)
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The lift and drag equations governing the force over the airfoil are stated as:

C. =*2—5* (15)
p*V*A

c,=— 2D (16)
DRV IEA

Where the L and D is the summation of the components of the forces in the x- and y-direction:

L = F, cos(alpha) — F, sin(alpha) a7
D = F, cos(alpha) + F, sin(alpha) (18)

GRID GENERATION

The O-grid type is selected to produce the grid generation using Poisson equations. The Elliptic grid
generator is the most extensively developed method (Hoffmann, 1989), where it is commonly used
for 2-D problems. A system of elliptic equations in the form of Poisson's equation is used, which is
solved for the coordinates of the points in the physical domain:

0’¢ | 9%¢ _
—axz+—ayz P(&.m) (15)
o°n 8277:
_6x2+_8y2 Q(&,7) (16)

Fig. (3) shows the O-type grid generation using Poisson equation (PDE) with mesh of (71X37) at 0°
angle of attack. Fig. (4) shows the O-type grid generation with mesh (151X71) at 6° angle of attack.

Available online @ iasj.net 3420



Numberl Volume 15 march 2009 Journal of Engineering

juasnst
AR

RO
R

e
17

W\ |
NANZZ 27T
L RSSSZ2777 ST

SN 1 ST T
ISR e SRS
RIS S
% o

S

Su,

Fig. (3) PDE grid generation (O-type) of airfoil of mesh (71x37) with close view.
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RESULTS
In clean case the results show that the increase in the angle of attack and Mach number cause a

decrease in (C, ) on the upper surface of the airfoil, and increase the performance of the airfoil as
shown in Figs. (5 through 7) at different Mach numbers (0.3, 0.4 and 0.5, respectively).

_2'5: ‘{A“\ 0 Deg ] I/\ — == 2 Deg
1 | 1\ — = 2 Deg 2,51 | \ 4 Deg
2y i — — — - 4Deg 1 \ — — — - 6Deg
;/ \. —— — 6 Deg ] ‘
N -2

Fig. (5) Pressure coefficient distribution at Fig. (6) Pressure coefficient distribution at
M=0.3 for various angle of attack in clean case. M=0.4 for various angle of attack in clean case.

o ——— 0Deg
1 s — 2 Deg
1! \ — — —— 4 Deg
1! \ — = 6 Deg

Cp

0 " 025 ' 05 0.5
xX/c

Fig. (7) Pressure coefficient distribution at M=0.5 for various angle of attack in
clean case.
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Figs. (8 through 11) show a comparison of (C ) between the clean and rime ice case at different

angle of attack and at constant M=0.3. The Figs. indicate that the increase in angle of attack would
increase the (+ve) pressure coefficient in case of rime ice and hence decrease the airfoil
performance. The ice formation at the nose of the airfoil caused a disturbance for the air flow over
the airfoil and thereby cause uncouthly flow over the airfoil.

A\ — Rime ice
—— | Clean

_0.8; \ C{can
1 \ ————- — Rime Ice -1
-0.61 |

-05

Cp

0.5

o
LN B B L B L B B B

0 0.25 0.5 0.75 1
x/c

Fig. (8) Pressure coefficient distribution at Fig. (9) Pressure coefficient distribution at
(0=0°) and M=0.3 for clean and rime ice. (0=2°) and M=0.3 for clean and rime ice.

] Clean
-1.51 ——— — Rime Ice

Clean
e — Rime Ice

054 i

& S
] -0.54
Oi ;
] Rk
05] 1 ]
| os]
1
1 .
o ' 025 ' 05 . 05
X/c xX/c
Fig. (10) Pressure coefficient distribution at Fig. (11) Pressure coefficient distribution at
(0=4°) and M=0.3 for clean and rime ice. (0=6°) and M=0.3 for clean and rime ice.
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Figs. (12 through 15) show a comparison of (C, ) between the clean and rime ice case at different

angle of attack and at constant M=0.4. Although the Figs. show that the increase in Mach number
from 0..3 to 0.4 would decrease the pressure coefficient in case of rime ice, but in compassion to
that in case of clean case the severity would be more dangerous than that at M=0.3. Where the
difference between the clean case and that of rime ice case at M=0.3 is smaller that in case of
M=0.4. Since the increase in the Mach number must lead to decrease pressure suction side, the Figs.
above show that the increase in the angle of attack will not overcome the dangerous of the accreted
ice on the airfoil. The performance will get worse due to the ice accretion, where the pitching
moment will cause the airfoil to turn back with increasing the angle of attack which causes decrease
in lift force so early.

Clean 1 N
. i Clean
-0.84 [ ———ee — Rime Ice |

——— — Rime Ice

-0.61
-0.4 1 N
1 051 ]V
024 |

Cp
o
Cp

029 |

049 |

] 0.5{ I:
0.64 i

0.8

vvvvv

Fig. (12) Pressure coefficient distribution at  Fig. (13) Pressure coefficient distribution at
(0=0°) and M=0.4 for clean and rime ice. (a=2°) and M=0.4 for clean and rime ice.

Clean
—— — Rime Ice -2.5]

Clean
——— — Rime Ice

1.5

Cp

05 |

05 i

Fig. (14) Pressure coefficient distribution at ~ Fig. (15) Pressure coefficient distribution at
(0=4°) and M=0.4 for clean and rime ice. (0=6°) and M=0.4 for clean and rime ice.
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It is well known that any (nongeometrical) change in the airfoil shape would cause a decrease in the
airfoil performance, and this can be figure out in lift and drag coefficients. Fig.(5.16) shows the
decrease in lift coefficient if the rime ice accreted on the airfoil at M=0.3 when compared with the
clean case. The Fig. shows that the difference in lift coefficient increases with increasing the angle
of attack, while the value of C, in the clean case increases to reach its maximum value 0.68 (at
a=6°). This value decreased from (0.68) to (0.47) at the same angle of attack when ice accreted.
Also, C, decrease from (0.84) to (0.44) for M=0.4 at the same angle of attack due to the existing of

ice, where the ice disturb the smoothness flow of air over the airfoil, and from 1.3 to 0.46 for M=0.5
as shown in Figs.(5.17 and 5.18, respectively). Fig. (19) shows the lift coefficient deference is
increased with increased the Mach number, which means that the increase in Mach number will not
overcome the severity of the ice accumulation and will effect inversely.

0.7 _
B Clean 08 i Clean
06fF | ———— rime Ice | - Rime ice
07F
0-5;— _ 0.6 —
0-4; ,/// osf
- 035— /’/// 30-4; /,/'//
- /// 03 _ ////'
02} e - e
- e 02 P
oif 7 - e
L o7 01f s
e T e e S a T
Alpha Alpha
Fig. (16) Lift coefficient comparison Fig. (17) Lift coefficient comparison
between clean and rime ice at M=0.3. between clean and rime ice at M=0.4.
13F 08 -
- 075 F S
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11 E_ — == Glaze ice 07 E — — —— Delta at M=0.4 /n/
s 0.65 F e — Delta at M=0.5 Va
1F 06 e
09F 0.55 F /
0.8 §_ 05F /,/
- S 045 F /,,/

S 07 E_ -‘E 0.4 i_ e -
06F Q 035fF e -
05 - 03F e Prs
04 T 025fF e -
o3k T 02F e 7

F T 0.15F i 7
0.2 E_ ,///,// o1 i— /'/, ///
01F ///,/’/ 0.05 i‘,/’////
St | 1 - - 1 ok 1 | ) |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
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Fig. (18) Lift coefficient comparison Fig. (19) Lift coefficient difference

AvamW%gm,ge@nagppe{ime ice at M=0.5. 3426 between clean and rime ice at deferent
Mach numbers.
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Fig. (20) shows the increase in drag coefficient due to the ice accretion compared with that of clean
case, where the accreted ice cause more disturb for the air over the airfoil and thereby increase the
drag force. Fig.(21) shows the increases in drag coefficient as Mach number increases along the
angle of attack for the rime ice case, where the increase of velocity over the airfoil with ice accreted
will lead to increase the disturbance of the flow, hence increase the drag coefficient. Fig.(22) shows
the variation of (C, ) against (C,) for rime case at different Mach number. The Fig. shows that the

increase in Mach number would increase in the drag coefficient against the lift coefficient and this
performance get wars as much as the Mach number increases.

0.035 —
B s e
B Clean P - 0.035 - M=0.3 //
0.03F — — — — Rimeice - ’ T M=0.4 - -
- ——— - M=05 g e
| e -
| - e e
0.025 | 0.03| e
= - e -
= // _ -
0.02F - P
B 0025} ~ ~
= f 3 R
0015 |- P
i 002f
0oL} -
5 0.015 -
0.005 |
0’ . 0'010\www::-ww\w;wwww;wwww:lw\wwéww\we
Alpha Alpha
Fig. (20) Drag coefficient comparison Fig. (21) Drag coefficient for rime ice
between clean and rime ice at M=0.3. at different Mach numbers.
05| o
- Rime ice, M=0.3
i ——— - Rime ice, M=0.4
04l
03l
S [
02|
o1l
I . ]
0 0.01 0.04

Fig. (22) Variation of C_ versus C, for rime ice at
different Mach numbers.
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A comparison of a pitching moment coefficient versus angle of attack for the clean and rime ice
case at Mach number (0.3) is shown in Fig.(23), it shows that the (C,,) in the iced case is higher

than that in clean one, this gesticulate that the increase of instability when the shape of the airfoil is
changed due to the ice accretion. This coefficient varies if the Mach number increases or decreases,
especially in the ice case, while in the clean case the general behavior is the same. Fig.(24) shows
the comparison at Mach number (0.4). More reliable comparison is made between the pitching
moment coefficient and the lift force coefficient. This comparison shows the lift behavior versus the
pitching moment as shown in Fig.(25) at M=0.3. It can be seen that the lift coefficient of the clean
case is higher than that of the rime ice case and at the same time the pitching moment is higher for
the ice case. Since the pitching moment is so high compare with that lifting force, the airfoil will be
exposed to fall early in ice case. Fig. (26) shows the same comparison at M=0.4.
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Fig. (27) shows the effect of time accreted of ice at 6 time steps is considered, each of 30 second till
reach the final steady state condition (180 s). Fig. (28) shows the distribution of pressure
coefficient at that M=0.3 and a= 0°, where some one can see that the increase in time step (increase
quantity of ice on the airfoil) will lead to increase the pressure coefficient, hence decrease the
performance of the airfoil. Fig.(5.29) shows that the when the time step increased, the lift
coefficient performance decreased. This is due to increase the disturbance of the air flow over the
airfoil due to the ice. Fig.(30) shows the increase of the drag coefficient according to the increase
and distortion in the airfoil nose area with increased of the ice accumulation.

-0.64
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a-0.21
O ]
O: Clean
] Step 1
] Step 2
1 Step 3
0.2 Step 4
] Step 5
Final step
0 H—rpr—_—
0.4 0.5
Fig. (27) Ice accreted on the airfoil of Fig. (28) Pressure coefficient distribution
i i _ —()0 \i . .
six time steps. at M=0.3 and a: 0 with different time
step of ice accreted.
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Fig. (29) Lift coefficient variation at Fig. (30) Drag coefficient variation at
M=0.3 and a=0° with different time Step M=0.3 and a=0° with different time Step
of ice accreted. of ice accreted.
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CONCLUSION

The icing on an airfoil was simulated with a renewed effect of time and collection efficiency and
the airfoil performance showed severe aerodynamic penalties encountered with decrease in lift, and
increase in drag and highly changes in the pressure distributions. The presence of ice on
unprotected airfoil may increase drag by as much as 60% and reduce lift by 45%, where the severe
adverse gradients will lower the C, , as well as increasing the drag of the airfoil.

The drag and lift results for the ice cases show a severe deviation from that of the clean case, which

indicate that the accretion ice on the airfoil is so dangerous and could cause big problems for the
pilots.

The pitching moment coefficient increases in the case of ice accretion more than the clean case,
where the average percentage increase of the pitching moment coefficient with the lift coefficient is
96 % and. This increase would cause an unstable condition for the flying condition.

NOMENCLATURES

a  Acceleration of Ice Droplet (m/s2)
Chord Length (m)

¢ Drag Coefficient

C, Lift Coefficient

m Pitching Moment Coefficient

C, Pressure Coefficient

D, Droplet Diameter (um)

D

eq Mean Volume Diameter (um)

k  Turbulent Kinetic Energy (m2/s?)
Re Reynolds Number

V  Ice Droplet Velocity (m/s)

u Flow Field velocity (m/s)

U_ Free Stream Velocity (m/s)

K Inertia Parameter

Ko Modified Inertia parameter
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1 Dynamic Viscosity (kg/m.s)
4,  Turbulent Dynamic Viscosity in k-Equation (kg/m.s)
4, Turbulent Dynamic Viscosity in e-Equation (kg/m.s)
4, Turbulent viscosity (kg/m.s)
P,  Air Density (kg/m3)
pq lce Droplet Density (kg/m?3)
P, Water Density (kg/m3)

(A1 A,) Trajectory of a Droplet in Still Air to the Same Trajectory of the Droplet if the Drag is
Assumed to Obey Stock's Law

&, n Curvilinear Coordinate Direction
¢ Dissipation of Turbulent Kinetic Energy (m?2/s?)

o, Empirical Constant in k Transport Equation

o, Empirical Constant in € Transport Equation
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ABSTRACT
A numerical investigation of the non-cavitating and cavitating performance of a three-blade
pump inducer under nominal and off-design operating conditions is presented. Three different
simulated hydrofoils; a flat plate, “NACA0004", and "Clark-Y-6%" has been selected to represent the
profile of the inducer blade. A 2D, steady, incompressible, turbulent, and isothermal flow field between
the inducer blades is simulated using the FVM. The "Interface Tracking™ model is selected to predict
the cavity profile of the attached cavitation and the cavitating performance drop. For each blade profile,
the influence of solidity in the range of (1.8 to 3.0) and blade angle in the range of (20" to 35) on the
inducer performance is studied. Comparing the present model with available experimental and
numerical results, confirms that the developed model well predicts the general non-cavitating
performance for an inducer having a flat plate blade profile. For "NACAQ0004", or "Clark-Y-6%"
hydrofoil blade profiles, a reduction in the operating range of these inducers is produced. In addition,
the developed model predicts the inception of cavitation earlier than the experimental results. The
predicted cavitating head drop curve of an inducer having a flat plate blade profile is compared with
available experimental results and a good agreement is obtained. The drop curve occurs suddenly and
simultaneously with the experimental one. For "NACA0004“, or "Clark-Y-6%" hydrofoil blade
profiles, a smooth curves with simultaneous or gradual head drop occurs with the experimental one,
respectively. Generally, the agreement between the results is satisfactory.
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INTRODUCTION

Nowadays, satellite systems such as satellite broadcasting and navigation by GPS are becoming
indispensable for our life. Liquid fuel rockets are mainly used to launch the satellites. In the rockets,
liquefied hydrogen (LH,) and liquefied oxygen (LOX) are used as propellants. A turbopump, which

supplies the propellants to a combustion chamber with high pressure, is incorporated in the rocket
engine to make the system smaller and lighter, (Tokumasu et. al. 2003). It is necessary for the
turbopump to run very fast to make it smaller. In this condition, cavitation occurs, because the local
static pressure becomes smaller than the vapor pressure.

The performance of the pump, or other hydraulic device, may be significantly degraded. In the
case of pumps, there is generally a level of inlet pressure at which the performance will decline
dramatically, a phenomenon termed "Cavitation breakdown". This adverse effect has naturally given
rise to changes in the design of a pump to minimize the degradation of the performance; or, to put it
another way, to optimize the performance in the presence of cavitation. One such design modification
is the addition of a cavitating inducer upstream of the inlet to a centrifugal or mixed flow pump
impeller. Another example is manifest in the blade profiles used for super-cavitating propellers. These
super-cavitating hydrofoil sections have a sharp leading edge, and are shaped like curved wedges with
a thick, blunt trailing edge.

An inducer is attached to these turbopumps to increase their efficiency. The “inducer” is a
device that causes a rise in the inlet head, which prevents cavitation in a pump stage following the
inducer. Inducers are therefore used at the inlet portion of the main pump. They are typically designed
to be axial flow impellers with a high solidity so that long narrow passages result. Cavitation bubbles
collapse in these passages before they reach the main pump, (Acosta 1958).

Nowadays, CFD numerical techniques are commonly used in the hydraulic design of industrial
turbomachines components. Unfortunately, without a suitable numerical model, it is impossible to
solve directly cavitating flows. Since 1990's, various methods have been proposed to simulate
cavitating flows as two-phase flows. Three different approaches have been mainly proposed for the
numerical simulation of cavitation phenomenon in hydraulic machinery, these are: (1) The Single Fluid
Model: It is based on a pseudo-density function of the liquid-vapor mixture to close the equations
system. A Baratropic law relating the pressure to density is mainly proposed. Assuming no-slip is
present between the liquid and vapor phases, both phases are in thermal equilibrium. (Coutier-
Delgosha et. al. 2001) has used this model to simulate numerically the cavitation behavior of beveled
and sharp leading edge shapes for two-dimensional hydrofoil sections of an inducer blade at two
different angles of attacks. This simulation was coded with the 3D "FINE/TURBO™" commercial
code. (Joussellin et. al. 2001) has used this model to investigate numerically the cavitating flows in
rocket engine turbopump inducers. A 2D numerical model of unsteady cavitation, developed by
previous studies, was applied to a 2D blade cascade drawn from the inducer geometry. (Coutier-
Delgosha et. al. 2002) has used this model to investigate numerically the characteristics, performance
breakdown, cavitation development and vapor structures distribution of a 4-blade turbopump inducer in
non-cavitating and cavitating conditions associated with quasi-steady effects. The numerical model was
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coded using the "FINE/TURBO™" commercial code. (2) The "VOF" Model: It is a multiphase mixture
model which has an additional equation for the volume fraction including source terms to model the
vaporization and condensation processes. Using a truncated form of the Rayleigh-Plesset equation to
estimate the rate of vapor production or destruction assuming that thermal and mechanical equilibrium
stands between liquid and vapor phases. (Bakir et. al. 2003) has used this model to investigate
numerically the hub shape effect on the inducers performance under cavitation. (Reboud et. al. 2003)
has used this model to correctly simulate the unsteady cavitaing flows in 2D venturi type section
implementing the influence of four turbulence models. Simulations were also performed to a hydrofoil,
a foil cascade, and another venturi type section. (Ait-Bouziad et. al. 2004) has used this model to
simulate the cavitation behavior of a 3-blade industrial inducer. (Bakir et. al. 2004) developed a
numerical cavitation model suitable for general three-dimensional flows with extensive cavitation at
large density ratios. His model assumed two-phase, three-component system with no inter-phase slip
and thermal equilibrium between any of the components and phases. (3) The "Interface Tracking”
Model: In this approach, the cavity interface is considered as a free surface boundary of the
computation domain and the computational grid includes only the liquid phase. (Hirschi et. al. 1998)
has used this model to predict the performance drop of a cavitating centrifugal pump and the influence
of the diffuser geometry on this performance. (Ait-Bouziad et. al. 2003) investigated numerically the
performance of "Interface Tracking” and "VOF” Models for modeling the cavitation phenomenon in
the case of 3-blade industrial inducer.

This paper is presented to study and simulate numerically the non-cavitating and cavitating
performance of a three-blade pump inducer under nominal and off-design operating conditions and to
predict the cavity profile using the FVM. This inducer will be designed for nominal operating condition
with flow coefficient (¢=0.38), rotational speed (N=1450 rpm), and head coefficient (y=0.15). The
"Interface Tracking" model is selected to predict the cavity profile of the attached cavitation and the
cavitating performance drop. Three different simulated hydrofoils; a flat plate, “NACA0004” and
"Clark-Y-6%" will be selected to represent the shape of the three-blade inducer. For each blade profile,
the influence of solidity in the range of (1.8 to 3.0) and blade angle in the range of (20 to 35) on the
inducer non-cavitating and cavitating performance will be studied under nominal and off-design
operating conditions. The results of this paper will be compared with available experimental and
numerical results of the "CFX-TASCflow" commercial code.

The details of this paper are described completely in a Ph.D. Thesis work of (AL-Saffar 2007).

GOVERNING EQUATIONS

The two-dimensional governing equation of mass and momentum for steady, turbulent,
incompressible flow can be written in tensor conservative form and expressed in Cartesian coordinates
as follows, (Nilsson 2002):

5Ui

—=0 1

o (1)
ou;U o[ ti; + T

oL 'J:_@+M @)
an aXi 5Xj

Where (tj), is the viscous shear stress tensor that is expressed as:
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The Reynolds stress tensor (t;;) can be determined according to the Boussineq assumption as:
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The standard (k-€) two-equation turbulence model has been selected among other turbulence models.
Hence, the value of the turbulent eddy viscosity (L) is estimated as, (Wang and Komori 1998):

2
_ CHka
&

Mt )

"INTERFACE TRACKING" MODEL.:

It is a mono-fluid model having an incompressible, single-phase transport equation, and it
considers the cavity interface as a free surface boundary of the computational domain. As the cavity
shape has an influence on the mean flow, an iterative process needs to be applied between the CFD
code and the cavitation prediction one to modify the interface shape in order to reach a constant
pressure equal to the vapor pressure along it. This shape is defined by the envelope of high number of
transferred bubbles over the blade associated with attached cavitation; the bubble radius instead of its
diameter is used to define this envelope. The main numerical complexity is how to predict an adaptive
grid for the computational domain to update the cavity shape. This model does not compute any
cavitation, which is not attached to the blade surface. Only the attached cavitation to the blade surface
boundary is predicted, and the tip clearance cavitation is not considered.

This model has the advantage of being independent of the flow computation code. It is based on
some version of the Rayleigh-Plesset equation that defines the relation between the radius of a
spherical bubble, (R), and the pressure, (p), far from the bubble. The generalized Rayleigh-Plesset
equation for bubble dynamics is given as, (Brennen 1995, 2005):

_ 2 2
Py p:Rd R+§[d—R) +4V—'—d—R+ 25 (6)

oL dt2 2\ dt R dt pR

In the absence of the surface tension and viscous terms, the generalized form of this equation is
truncated to predict (R) at a given (p), provided that (p,) is known.

d_R — g (PV B P) (7)
dt 3 PL

NUMERICAL TECHNIQUE
The "Interface Tracking” model has been used to simulate the hydraulic performance of a
cavitating performance of a three-blade pump inducer under nominal and off-design operating
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conditions using the FVM using the standard k-¢ turbulence model associated with laws of the wall
along solid boundaries. Steady state solutions were obtained by setting a uniform flow velocity and a
constant total pressure at the inducer inlet for the boundary conditions.

A grid independency test for the three selected profiles is performed and a single-block
structured mesh has been generated for each profile. Mesh sizes of (30x100), (30x99) and (30x70) are
selected for flat plate, “NACA0004” hydrofoil profile and “Clark-Y-6%" hydrofoil respectively. Each
mesh is made for a single passage (1/3 of the inducer).

Computations starts from the non-cavitating regime, then the "Interface Tracking” model is
turned on, while the imposed total pressure at the channel inlet is decreased by a constant step of
(10,000 Pa). Close to the drop zone, this step is reduced by a factor of (10) and more to overcome the
high instability of the solution due to the strong non-linear behavior of the cavitation phenomenon. For
each value of the imposed total pressure at the channel inlet and after entering the drop zone, the
truncated Rayleigh-Plesset equation is activated to predict the cavity interface shape. The cavity
interface is treated as a wall boundary of the blade-to-blade channel. Hence, the wall function will be
imposed along the cavity interface. This is considered to be a major assumption of the "Interface
Tracking™ model. The shape of the cavity interface is inserted into the grid generator to update the grid
shape. This shape is adapted step by step according to the pressure distribution obtained from the flow
computation at the previous iteration in order to reach a given condition (the pressure at the cavity
interface is equal to the vapor pressure). The head drop curve is created gradually. It is noted finally
that the time consuming for the creation of a whole one head drop curve is about (30 min) on a P4,
Celeron(Fi) CPU, 2.41 GHz, 256 MB of RAM. For all computations, a maximum residual is kept
below 10™.

RESULTS DISCUSSION

Non-Cavitating Performance

The effects of different values of solidity and blade angle on the numerical results of the (Head-
Flow) curve for the non-cavitating performance of an inducer having a flat plat, "NACA0004", and
"Clark-Y-6%" hydrofoil blade profile are simulated and compared with the experimental and 3D
numerical results of, (Bakir et. al. 2004), using the "CFX-TASCflow" commercial code, of the
"LEMFI" inducer, as shown in Fig. 1. For each case study, the optimum simulated values of solidity
and blade angle are listed in Table 1.

Table (1) Optimum geometry configuration for different simulated shapes of blade profiles.

Optimum geometry configuration
Case study Blade profile Solidity Blade angle
(s) (Bv)
1 Flat plate 2.95 25
2 "NACA0004" 2.95 30
3 "Clark-Y-6%" 1.8 25

As shown in Fig. 1, for the flat plate case study, a good agreement between the experimental
results of (Bakir et. al. 2004) of "LEMFI" inducer, and the numerical results of the present work is
obtained at nominal flow coefficient (¢p=0.38), and high flow coefficients. At low flow coefficients, an
average difference in the value of head coefficient of about (0.15) is obtained between the experimental
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and two-dimensional numerical results and this due to the tip clearance effects. For "NACAQ0004" or
"Clark-Y-6%" hydrofoil blade profiles using the optimum values of solidity and blade angle listed in
Table 1, will result a reduction in the operating range producing a flow coefficient value of (10%)
lower than that of the nominal one with an average head coefficient value of (30%) higher than that of
the nominal one. This is due to the change in the blade profile and geometric parameters.

Cavitation Inception

Fig. 2 shows the comparison between the experimental and numerical results of (Bakir et. al.
2004) of "LEMFI" inducer, for the inception cavitation number (o; ) versus flow coefficient (¢) and
present work inducer having different simulated shapes of hydrofoil profiles, using the optimum
solidity and blade angle values listed in Table 1. As shown, the present work numerical results predict
the inception of cavitation earlier than the experimental and numerical results of (Bakir et. al. 2004).
This is due to the unsteady nature of cavitation inception. On the other hand, the numerical results of
(Bakir et. al. 2004) were based on using the "VOF" model and the inception cavitation number was
associated with a (3%) head drop.

—Jll— Experimental, Bakir, F.et.al., (2004)
—B—  Experimental, [Bakir et al., 2004] —— Numerical, (CFX-TASCflow), Bakir, F.et.al., (2004)
—af—  Numerical (CFX-TASCflow), [Bakir et al., 2004] —@— Numerical, present work, (flat plate blade profile)
—@— Numerical, peresent work, (flat plate blade profile) —a— Numerical, present work, ("NACA0004" blade profile)
0.40 — —A—  Numerical I, peresen t work, ("NACA0004" blade profile) 0.80 —— Numerical, present work, (*Clark-Y-6%" blade profile)
’ —@— Numerical, peresent work, ("Clark-Y-6%" blade profile) '
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Fig. 1 : Non-cavitating performance. Fig. 2 : Cavitation inception curve.

Cavitating Performance

Fig. 3 and Fig. 4 show the comparison between the developed model and the experimental and
numerical results of (Bakir et. al. 2004), for the head drop characteristics of an inducer having a flat
plate blade shape, operating at a flow coefficient of (¢=0.346) or (¢=0.38), a good agreement is
obtained between the developed model and experimental results. The drop curve occurs suddenly and
simultaneously with the experimental one. The agreement between the results is very satisfactory.

For "NACAO0004“ hydrofoil profile, when operating at a flow coefficient of (¢=0.346), a
smooth with simultaneous head drop occurs with the experimental one, with a (30%) increase in the
value of the head coefficient.
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For "Clark-Y-6%" hydrofoil, a smooth with gradual head drop occurs before the experimental
one, with a (30%) increase in the value of the head coefficient, as shown in Fig. 4.

0.25 — 0.25 —
Flat plate blade profile
a phi=0.38, N=1450 rpm i
—fll— Experimental, Bakir, F.et.al., (2004)
0.20 — —&@— Numerical, (CFX-TASCflow), Bakir, F.et.al., (2004) 0.20 -
Numerical, present work, (flat plate blade profile)
= -
& o015 — S 015 —
=] ©
£ b=
7] o @ .
o o
o o
o =]
[ [
% 0.10 — :GE') 0.10 —
phi=0.346, N=1450 rpm
—Jll— Experimental, Bakir, F.et.al., (2004)
—f— Numerical, (CFX-TASCflow), Bakir, F.et.al., (2004)
0.05 — 0.05 —
—&— Numerical, present work, ("NACA0004" blade profile, beta=30 deg., s=2.95)
—@— Numerical, present work, (Flat plate blade profile, beta=25 deg., s=2.95)
—&@— Numerical, present work, ("Clark-Y-6%" blade profile, beta=25 deg., s=1.8)
0.00 0.00
' I ' I ' I ' | ' I ' I ' I ' |
0.00 0.10 0.20 0.30 0.40 0.00 0.20 0.40 0.60 0.80
Cavitation number Cavitation number

Fig. 3 : Head drop curve, 9=0.38 Fig. 4 : Head drop curve, ¢=0.346

Fig. 5 show the evolution of the cavity profile on the suction side of a flat plate blade profile of
an inducer operating at a flow coefficient of (¢=0.38) and (¢=0.346), at cavitation inception and with
different cavitation numbers.
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(a) Flat plate blade profile, 9=0.38 (b) Flat plate blade profile, ¢=0.346

Fig. 5 : Cavity envelope evolution on the suction side at different
cavitation numbers.
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(a) “NACA0004” blade profile, ¢=0.346 (b) “Clark-Y-6%" blade profile, ¢=0.346

Fig. 6 : Cavity envelope evolution on the suction side at different
cavitation numbers.

Fig. 6 shows the evolution of the cavity profile on the suction side of a “NACA0004” and
“Clark-Y-6%" blade profile of an inducer operating at a flow coefficient of (¢=0.346), at cavitation
inception and with different cavitation numbers.

CONCLUSIONS

The abnormal cavitating behavior of the "Clark-Y-6%" hydrofoil blade profile as shown in Fig.
2 and Fig. 4 is due to that the "Clark-Y-6%" hydrofoil blade profile is of cambered shape with a
maximum thickness to cord ratio value of (6%) which is greater than that of the flat plate blade profile
of a negligible constant thickness to cord ratio value and greater than the “NACA0004” hydrofoil blade
profile of a symmetric shape with a maximum thickness to cord ratio value of (4%). This shape of the
"Clark-Y-6%" hydrofoil blade profile will produce a greater contraction (i.e. a 2% increase above that
of the “NACAO0004” hydrofoil and a 6% increase above that of the flat plate shape) at its blade-to-blade
channel resulting a higher velocity value at its throat and a lower pressure value which result a higher
value of the inception of cavitation parameter and also a smooth with gradual head drop occurs before
the head drop curve of both the “NACA0004” and the flat plate hydrofoils when operating at a flow
coefficient of a value of (¢=0.346).

In general, the shape of the blade profile and its geometric parameters (i.e. the solidity and the
blade angle values) has a major effect on the performance characteristics of the non-cavitating and
cavitating pump inducer. Therefore, it is better to design and manufacture an inducer with a blade
profile that produce a blade-to-blade channel that has no contraction (i.e. flat plate blade profile) having
a relatively high value of solidity and a value of blade angle that produce a few degrees of the angle of
incidence.
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SYMBOLS AND ABBREVIATIONS

c=Cord length, (m). Bo= Blade angle, (degree).

c,= Empirical coefficient, (-). Sij= Kroneker delte} switch. o

h=Pitch of blades, (m). e= Turbulent kinetic energy dissipation rate term, (J/Kg).
k= Turbulent kinetic energy, (J/kg). u= Dynamic viscosity, (N.s/m?.

p= Static pressure, (Pa). we= Turbulent eddy viscosity, (N.s/mz).

pin=Inlet pressure, (Pa). vL= Kinematic viscosity, (m2/s).

p'= Total pressure, (Pa). pL=Liquid Density, (kg/m>.

p,= Vapor pressure, (Pa). o= Cavitation parameter=(pin-py)/(0.5p . Q°R%ip), (-).

Q= Volumetric flow rate, (m®s). 1= Reynolds stress tensor, (N/m?.

R= Bubble radius, (m). ¢= Flow coefficient=Q/(mQR ;[ 1-(Rnun/Riip)’]), (-).
Rhuww=Hub radius, (m). y= Head coefficient= (P,"-P1")/ (pLQ*R%p), (-).

Rip= Tip radius, (m). Q= Angular velocity, (rad/s).

s= Solidity=c/h, (-). CFD= Computational Fluid Dynamics.

S= Surface tension, (N/m). FVM= Finite Volume Method.

t= Time, (s). GPS= Global Positioning System.

u= Cartesian velocity component, (m/s). LEMFI=Laboratoire d’Energétique et de Mécanique des
x= Cartesian coordinate, (m). Fluides Interne.

LOX= Liquefied Oxygen.
VOF= Volume Of Fluid.
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ABSTRACT

In this work, numerical method approach has been used to simulate the solidification parameters
of an eutectic aluminum-silicon alloy in chilled metallic mould with copper. The approach is based on
the solution of heat flow equations of the casting and mould. In addition, the latent heat is treated as a
boundary condition between the liquid and solid phase. The results showed that different behaviors of
solidification parameters are obtained along the casting. Furthermore, the simulation approach of
solidification parameters in conjunction with the microstructure indicated that it is possible, to a large
degree, giving a knowledge about the microstructural features for any alloy system.
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INTRODUCTION

Casting, one of the important manufacturing processes, has been used more widely in industry
(Schey 2000). It is a very economic method of forming a component and in the same time a
complicated process involving control the metallurgical and mechanical aspects (Metals Handbook
1998). The properties of solidified metal or alloy are dependent not just on composition but also on
grain size and the shape and distribution of phases (Metals Handbook 1998 and Campbell 2004).
These factors can be controlled and modified through controlling the solidification process. The
cooling rate, temperature gradient, and local solidification time, which are the solidification
parameters, govern the microstructure which in turn control the mechanical properties (Campbell
2004).

The simulation of solidification has received increased attention as the computer revolution has
matured. Simulation will be very important tool to optimize the casting process, to shorten the lead
time, to assure the quantity, and to improve the mechanical properties of castings (Kurz and Fisher
1986). A wide range of efforts is being used to simulate the solidification and microstructure
evolution. These include finite element method (FEM) (Masters et al. 1997 and Guillemot et al.
2004), finite difference method (FDM) (Palmer and Games dos Santos 1998 and Lu 2002), finite
volume method (FVM) (Warran et al. 2002 and Lewis 2004), cellular automation method (CAM)
(Varam et al. 2001 and Qingyan et al. 2005), etc.

The main research objective is to simulate the solidification parameters of Al-12%Si alloy casted
in chilled metallic mould using a numerical method approach. The simulated solidification parameters
are coupled with microstructure that evolved during solidification in order to develop a modified
approach.

MODEL ASSUMPTIONS

The filling of metallic mould with molten metal of eutectic Al-Si alloy is assumed to be
instantaneous in this work. It is also assumed that no convection in the molten metal of eutectic alloy.
This is related to the redistribution of solute that takes place within the boundary layer, in which this
layer is smaller than the momentum boundary layer resulting from the molten metal flow (Flemings
1974). Thermal conductivity and density are considered to be variable with the temperature. While the
thermophysical properties of the mould are considered to be constant.

MATHEMATICAL MODEL

Macro-Micro model is built to simulate the solidification of the eutectic Al-12%Si alloy system.
The eutectic Al-12%Si alloy was prepared using pure aluminum, Al-22%Si master alloy as starting
materials. The chemical composition of pure aluminum, master alloy and prepared Al-12%Si alloy are
illustrated in Table I. After adjusting the chemical composition, the molten of Al-12%Si alloy was
poured in a rectangular metallic mould made from stainless steel and chilled with copper (Fig. 1). The
simulation of solidification requires the application of heat transfer equations and also some special
technique to simulate the latent heat release. For the molten metal that undergoing from solidification,
the latent heat is a new factor which needs to be incorporated into the simulation program. In this
paper, the solidification range was assumed to be 10 'C (565 — 575 C).

The liquid and solid phases were modeled separately in which the latent heat is treated as a
boundary condition. The initial boundary conditions can be expressed as:
At t=0; Tmee=30 C

Available online @ iasj.net 3483



@ Numberl Volume 15 march 2009 Journal of Engineering

Tenin=30 C
Tar =30 °C

While the boundary conditions can be expressed as:
(a)- At the internal point, the general heat conduction equation in the casting for liquid phase is:

0T 8T ot oT
+ + =p Co, — 1
X7 Ty Tt TPl Ty @)

k. (

While for solid phase, the general heat conduction equation will be
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- For mushy zone, the general heat conduction equation is
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oxZ av? oz TP e TPy

K ( (3)

(b)- At the mould/air interface

Q = air(Tair-Tmold) (4)

At the external surface, a constant heat transfer coefficient is taken to be 15 W/m?.K for mould/air
interface region (Baily 1988).

In the solidification of a given alloy, the amount of liberated latent heat is considered to be
proportional to the fraction of solid, which is calculated using the lever rule (Rappaz 1989). All
equations are solved using finite difference method to determine the temperatures history for casting at
each determined node.

The energy equation that related to heat conduction in metallic mould can be expressed as:

OTm T 0T oO°T
pnCom 2= =kn [ 57+ 7 + 77 ]

()

where the subscript m represents the mould. The above equations must be solved with appropriate
initial boundary conditions.

Image processing was performed using image J program. In this program, the microstructural
picture of all specimens that sectioned from the Al-12%Si alloy casting at different positions was
inserted to the program separately and processing was achieved.

Fisher and Kurz equation (Fisher and Kurz 1980) was used to calculate eutectic spacing ().
This equation can be expressed as

_ Ae + Ab
2

A

(6)
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where A is the spacing at the extremity and Ay is the branching spacing in which the range of stable
eutectic growth is located between them.

RESULTS AND DISCUSSION

The cooling curve of Al-12%Si alloy at different positions along the casting can be shown in Fig.
2. ltis clear from this figure that the solidification time is very short near the chill/cast interface and
then increases until reaching a specified distance of 20 mm. Without any doubt, this distance is a
transition point in which the solidification time over it has approximately a constant value (0.584 s).
The ascription of differences in cooling curve behavior at different positions along the casting is related
to the differences in cooling rate. As a result of using copper chill, the cooling rate will be very high at
the chill/cast interface region and then decreases with ascending until reaching a specified distance of
20 mm as shown in Fig. 3. The constancy in cooling rate (53.093 ‘C/s) can be shown clearly beyond a
distance of 20 mm. In addition, Fig. 3 also shows that the cooling rate at the casting corner is very
high compared with that along the casting center. This is related to the mould wall which acts as a
chill. This accompanied with the copper chill that already existed and conducted with the mould in
comparison with that along the casting center which is affected only by the copper chill. This
increasing in the cooling rate leads to modify the microstructure of Al-12%Si alloy which in turns raise
the mechanical properties.

The relationship between temperature gradient and distance at different positions along the casting
can be shown in Fig. 4. The important notice that can be recognized form this figure is that the
temperature gradient is high in the region that conducted with the copper chill. This increasing in the
temperature gradient does not remain the same as that in the early stage of solidification in which the
distance of 20 mm that measured from the chill/cast interface is a transition point where the
temperature gradient decreases beyond it. Fig. 4 also shows that the temperature gradient laterally is
too high especially at the mould wall compared with that at the casting center. This is because the
mould wall acts as a chill during solidification. Because of the small thickness of mould wall used
compared with the molten metal volume, this makes the mould wall unable to act as a chill through all
stages of solidification. Therefore, decreases in temperature gradient laterally can be recognized
obviously with departing from the mould wall toward the casting center.

Some directional solidification can be observed in the early stage of solidification as shown in
Fig. 5 which represents the relationship between local solidification time and distance. This can be
demonstrated by the linear relationship between local solidification time (t;) and distance (d) until
reaching a specified distance of 20 mm according to the following relationship which can be expressed
as

t,= 0.033d — 0.019 (7)

Beyond this distance, constancy in solidification time can be recognized until completing the
solidification. This means that chill effect is limited up to distance of 20 mm measured from the
chill/cast interface and beyond this; no effect of chill has been occurred.

The effect of changes that occurred in solidification parameters along Al-12%Si alloy casting as a
result of using copper chill was reflected on the microstructural features as shown in Fig. 6. It is
important to recognize that flake silicon phase with different degrees of modification are presented
along the Al-12%Si alloy casting. Several investigators studied the mechanism of modification in Al-
Si alloys either quench or chemical (Kobayashi and Hogan 1985). Because of using a copper chill,
the modification of eutectic silicon phase related certainly to chill effect. As mentioned elsewhere,
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quench modification was originally attributed to the repeated nucleation of the eutectic silicon phase at
a reduced temperature (Metals Handbook 1998). Near the chill/cast interface region, as shown in Fig.
6a, the greatest modification in flake silicon phase can be recognized. This is related to high cooling
rate in this region that reaches to 256.676 'C/s. Moderate modification can be observed in flake silicon
phase with departing from the chill/cast interface region as shown in Figs. 6b and c. This is related to
decrease the chill effect. The depletion of chill effect at distance of 20 mm, as shown in Fig. 6d, and
over it makes the size and morphology of flake silicon phase slightly changed, as shown in Figs. 6e-g.

From this, the magnitude of solidification parameters at a given point along the Al-12%Si alloy
casting has a strong role on determining the eutectic spacing (A) and morphology of silicon phase. The
predominant morphology of silicon phase, as explained above, is flake. As represented in Table II,
which is essence of the results of the present work, no changes in eutectic spacing (1) can be observed
at and beyond a specified magnitude of solidification parameters that corresponding to (R=53.696 "C/s,
G=14.987 "C/mm, t:=0.577 s) and distance (20 mm). Of course, this is related to depleting the chill
effect. This means that no modification in flake silicon can be observed at distance of 20 mm and
beyond it. The most important result that can be concluded from Table II is that the relationship
between the solidification parameters and microstructural features of Al-12%Si alloy casting can be
used to predict the microstructural features for any other alloy system after determination the casting
conditions, thermal properties of the casting and the mould, and system constituents used.

CONCLUSIONS

The prediction of solidification parameters using numerical method approach has been developed.
The results showed that different behaviors of solidification parameters are obtained along the chilled
Al-12%Si alloy casting using copper. The results also showed that the distance of 20 mm measured
from the chill/cast interface is a transition point in which constancy, to a large degree, in the
solidification parameters is produced. Furthermore, the numerical approach has been extended to
include microstructural features. From the simulation of solidification parameters-microstructure
relationship, one can predict the microstructual features for any other alloy system.
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Greek and Latin Symbols

Symbols Definition unit
p Density kg/m®
A Eutectic spacing mm
Ay Eutectic spacing at which branching occurs mm
Ae Eutectic spacing at the extremity mm
T Temperature C
G Temperature gradient C/mm
R Cooling rate Clsec
Cp Specific heat J/kg.K
K Thermal conductivity W/m.K
L Latent heat J/kg
h Heat transfer coefficient W/m?.K
ts Local solidification time sec
Q Heat flux W/m?®

X,Y,Z Cartesian coordinates
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I f Phase fraction l

Elements
(Wt.%)

Al

Al-22%Si alloy

Al-12%Si alloy

Table I Chemical composition of pure aluminum, master alloy and prepared Al-12%Si alloy.

Table I1 The eutectic spacing and degree of modification as a function to the solidification parameters.

Microstructural features Solidification parameters
Distance Eutectic Degree of Cooling rate, | Temperature Local
from the spacing (L) modification (R) (CIs) gradient,(G) solidification
chill/cast (pm) (C/mm) time, (ts) (sec)
interface
(mm)
At interface - Excellent 1501.640 51.509 0.021
5 5.6 Potent 256.676 28.569 0.121
10 8.5 Moderate 92.540 20.345 0.353
15 9.1 Moderate 59.816 17.882 0.518
20 12,5 No 53.696 14.987 0.577
modification
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35 12.6 No 53.093 14.631 0.584
modification

50 12.6 No 53.093 14.631 0.584
modification

65 12.7 No 53.093 14.631 0.584
modification

! mm

St St. Mold

~
™~

80 mm

Cu-Clull

= X

™~ 25 mm

10 mm

o

Fig. 1 Rectangular metallic mould chilled with copper.
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700 4

Distance from chill surface

Temperature (C)

Time (sec)

Fig. 2 The cooling curves at different positions along the casting of Al-12%Si alloy.

Available online @ iasj.net 3490



A.M. Takhakh Simulation Of Casting Solidification
A. D. Subhi Parameters In Metallic Mould

Cooling rate ('C/s)

0
Widthm\,\/ Distance (mm)
o 20

L

Fig. 3 The relationship between cooling rate distribution and distance along the casting of Al-12%Si
alloy.

Temperature gradient ('C/mm)

Fig. 4 The relationship between temperature gradient distribution and distance along the casting of Al-
12%Si alloy.

Solidification time (Sec)

s < Distance (mm)

Fig. 5 The relationship between local solidification time distribution and distance along the casting of
Al-12%Si alloy.

Available online @ iasj.net 3491




Numberl

Volume 15 march 2009

Journal of Engineering

Before Image
Processing

After Image
Processing

Before Image
Processing

After Image
Processing

Before Image After Image
Processing Processing
by d Ly < Wy

LN NG

rcs

Before Image After Image

Processing Processing
AL e

| )a I/
N %

VA%
AladZ R

| Y- ;."‘~'_‘
Before Image After Image
Processing Processing

29 um

N
Al
29 um
(e)
Before Image After Image
Processing Processing

hy

L

!
on !

29 um

sﬁ'/

/A
ke,

@)

Available online @ iasj.net

(d)

Before Image After Image
Processing Processing
ﬁhﬁ e ds
P "‘0‘\':!

A ) A)
VNS
()

3492




A.M. Takhakh Simulation Of Casting Solidification
A. D. Subhi Parameters In Metallic Mould

Fig. 6 Microstructure of Al-12%Si alloy casting before and after image processing at different
positions measured from the chill/cast interface; a=bmm, b=10mm, c=15mm, d=20mm, e=35mm,
f=50mm, g=65mm. Optical microscopy; etched with 0.5%Vol. hydrofluoric acid.
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ABSTRACT

Piezoelectric transducers have become increasingly popular in vibration control
applications. They are used as sensors and as actuators in structural vibration control systems. They
provide excellent actuation and sensing capabilities. In this paper, the term smart beam refers to a
beam with a finite number of collocated piezoelectric actuator / sensor pairs. The proposed thin
smart beam governing equation was derived by the same procedure that the Bernoulli-Euler
equation derived but with some additional mathematical terms to be valid for describing the smart
beam. The engineering control techniques were used to obtain the solution of the proposed
differential equation for the simply supported beam where with some auxiliary equations and
modifications a block diagram for any type of applied load (static, or cyclic) as the input and the
beam deflection as the output was constructed. For insuring an efficient reduction in the beam
deflection an integrated system with a high voltage amplifier and lead controller was designed.
Many cases were studied and simulated including the variation of load nature and its frequency, and
the number of collocated piezoelectric actuator/sensor pairs and in all cases a valuable deflection
reductions were obtained.
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KEYWORDs: Smart Beam, Ordinary Beam, Bernoulli-Euler Equation, Lead Network
Controller, and High Voltage Amplifier.
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INTRODUCTION

Piezoelectric transducers have become increasingly popular in vibration control
applications. They are used as sensors and as actuators in structural vibration control systems. They
provide excellent actuation and sensing capabilities. The ability of piezoelectric materials to
transform mechanical energy into electrical energy and vice versa was discovered over a century
ago by Pierre and Jacque Curie. These French scientists discovered a class of materials that when
pressured, generate electrical charge, and when placed inside an electric field, strain mechanically.

Piezoelectricity, which literally means “electricity generated from pressure” is found
naturally in many monocrystalline materials, such as quartz, tourmaline, topaz and Rochelle salt.
However, these materials are generally not suitable as actuators for vibration control applications.
Instead, man-made polycrystalline ceramic materials, such as lead zirconate titanate (PZT), can be
processed to exhibit significant piezoelectric properties. PZT ceramics are relatively easy to
produce, and exhibit strong coupling between mechanical and electrical domains. This enables them
to produce comparatively large forces or displacements from relatively small applied voltages, or
vice versa. Consequently, they are the most widely utilized material in manufacturing of
piezoelectric transducers.

Piezoelectric transducers are available in many forms and shapes. The most widely used
piezoelectric transducers are in the form of thin sheets that can be bonded to or embedded in
composite structures. As actuators they are mainly used to generate moment in flexible structures,
while as sensors they are used to measure strain.

Piezoelectric transducers are used in many applications such as structural vibration control,
precision positioning, aerospace systems, and more recently they have been critical in advancing
researches in nanotechnology. (Moheimani and Fleming, 2006)

To this end, many researchers have concentrated on dynamic modeling of piezoelectric
materials as elements of intelligent (smart) structures (Crawley and Luis, 1987; Clark, Saunders,
and Gibbs, 1998; Smits and Choi, 1991; Wang and Cross, 1999, Kermani, Moallem, and
Patel, 2004 ), while a number of others have focused on control methods of piezoelectric actuators
for suppressing vibrations and noise reduction (Bailey and Hubbard, 1986; Sun and Mills,
1999a; Halim and Moheimani, 2002). (Sun and Mills 1999b) conducted studies on the
application of segmented piezoelectric transducers PZT ceramics and poly vinylidene fluoride
(PVDF) materials for this purpose, (Choi, Park, and Fukuda 1998) investigated active vibration
control by utilizing hybrid smart actuators constructed from PZT and shape memory alloy.
(Patnaik, Heppler, and Wang 1992) studied stability issues in controlling a flexible beam. A quite
comprehensive literature review has been given in (Smits and Choi 1991).In selecting a PZT
actuator for vibration control; it is useful to know how the physical parameters of a PZT can affect
system performance. This issue is of paramount importance if one notes that a PZT actuator has the
major drawback of limited capability to produce high torques. This fact reduces the effectiveness of
the PZT usage for suppressing vibrations. There are two ways to remedy this problem. One of these
calls for the use of stronger PZT actuators such as the one developed at NASA’s Langley research
center for alleviating the buffet load in the tail fin of the fuselage (Moses, 1997).The other solution
involves finding optimum values of the physical parameters to make use of the maximum strength
of the actuator. Previous work has tried to address this issue, in an attempt to obtain the optimum
size and location of the actuator (Lim and Gawronski, 1993; Moore, 1981). (Hamdan and Nayef
1989) proposed a measure of modal controllability based on the angle between the normalized left
eigenvectors of the system and the control input matrix. (Kim and Junkins 1991) presented a
modal cost to rank each mode’s participation in system output. (Aldraihem, Singh, and
Wetherhold, 1997) reported a weighted controllability measure by modifying Hamdan’s
controllability index. They also considered a penalty for the length of the actuator in formulating
the optimization problem. (Yaghoobi and Abed, 1999) defined a participation factor to address the
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participation of a mode in a state, specified as output. (Moheimani and Ryall, 1999) introduced the
idea of spatial controllability in order to include the effect of actuator location in the optimization
problem. (Yong, Onada, and Minesugi, 2002) considered the effect of the adding an
actuator/sensor on the mass and stiffness of the structure and combined that with the control
performance index to obtain the optimum values for the location, size and feedback gains,
simultaneously. However, a clear description of the actuator performance with respect to each
individual mode of vibration needs to be given more attention. The degree by which a certain
parameter can affect each resonance mode motivates further investigations. The use of the
controllability Grammian and singular value decomposition of the system dynamics can provide
practical guidelines for selecting the optimal values of the aforementioned parameters. (Vasques,
and Dias Rodrigues, 2006) introduce an analysis and comparison of the classical and optimal
feedback control strategies on the active control of vibrations of smart piezoelectric beams.
(Belouettar, Azrar, Daya, Laptev, and Potier-Ferry, 2007) they developed a simplified and
consistent theory to actively control sandwich beams (the upper and bottom surfaces are covered
entirely with a piezoelectric layer) at small and large amplitude.

In this research, the term smart beam will refer to a beam with a finite number of collocated
piezoelectric actuator/sensor pairs, while ordinary beam will refer simply to the beam itself without any
actuators or sensors. A smart beam differential equation had been derived by the same procedure that
the Bernoulli-Euler equation derived with some mathematical modifications to be applicable for the
smart beam actuating by any type of applied load such as static or cyclic. The engineering control
techniques was used to obtain the solution of proposed differential equation where with some
auxiliary equations and modifications a block diagram as the applied load be the input and as the smart beam
deflection be the output was constructed as shown later. Also in this research, a beam deflection reduction
system with a lead network controller and a high voltage amplifier has been designed mainly for two
reasons: the first was to amplify the voltage generated by the sensor to be able to handle and transmit it
efficiently to the actuator. And the second was to enhance the system response.

THE THIN SMART BEAMS GOVERNING EQUATION

Now, the derivation of the smart beam differential equation actuated by an external load
(static or cyclic) will be accomplished. Let us consider a setup as shown in Fig.(1), where m of
identical collocated piezoelectric actuator/sensor pairs are bonded to a beam. The assumption that
all piezoelectric transducers are identical is only adopted to simplify the derivations, and can be
removed if necessary. The i actuator is exposed to a voltage of e, (t)and the voltage induced in

the i sensor is eg (t) .We assume that the beam has a length of I,,, width ofw, , and thickness of t,
Corresponding dimensions of each piezoelectric transducer arel,, w,, and t,. Furthermore, we

denote the transverse deflection of the beam at point x and time t by v(x, t).

It is well known that Bernoulli-Euler equation governs the transverse vibration of beams.
Therefore, the derivation of the smart beam equation will follow the same procedure that used in
derivation of Bernoulli-Euler equation but with changing the applying load condition.

a o Applied
load

\ 4

I
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]Tp f. l—] o I—I [—| Actuators
7

/ “.

N /

|—| . |—| .. I—I SENSOTS

Fig.(1) A Beam with A Finite Number of Collocated Piezoelectric Actuator/Sensor Pairs and Applied
Load

Consider a beam in bending, in the x-y plane, with x as the longitudinal axis and y as the
transverse axis, of bending deflection, as shown in Fig.(2). The required equation is developed by
considering the bending moment— deflection relation, rotational equilibrium, and transverse
dynamics of a smart beam element.

Rotatory Dynamics (Equilibrium)

Consider the beam element &k, as shown in Fig.(2), where forces and moments acting on

the element are indicated.

X x+0x
1 1
Li Li

A 4

f(x,0)dx
e \m”—lﬂ{ + ‘Zﬂax

\L T _x
oQ
y V Q Q+ax5x

My (1) \/ \/ Mp(x,t)+—6Mp(X’t)5x
ox

Fig.(2) Dynamic of a Beam Element in Bending

Here, f(x,t) is the excitation force per unit length acting on the beam in the transverse direction at
location x, and M ,(x,t) is the total moment that generated by all the actuators and can expressed

by
Mp(x ) =D My (x1) )
i=1

Where m is the number of identical collocated piezoelectric actuator / sensor pairs which are
bounded to the beam. The equation of the angular motion is given by the equilibrium condition of
moments:

M —Mp(x,t)+Q5x—(M +@ax]+(Mp(x,t)+aMp—(X't)axj:O 2
OX OX
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where the moment deflection relation can expressed as

d%v
M=EIl,— 3
b'b axz ( )
simplifying EqQ.(2) and substituting Eq.(3) into it will give
0 o%v) M (xt)
Q=—|Ely—5 |-— (4)
OX OX OX
Transverse Dynamics
The equation of transverse motion (Newton's second law) for element &x is
2
(oyAnK) 2L —fun&+Q{§+§%ﬂ )
at? OX
Here, p is the mass density of the beam material, more simplifying will give
o%v oQ
—+— = f(xt 6
oy 7+ = T ) (©)

Now, substituting Eq.(4) into Eq.(6), one will obtain the governing equation of forced transverse
vibration of smart beam with finite number of actuators

2
v 8 (Eb b azvjj M,y (x| f(xt) 0

_+_
Poby x> ox2 ox2

THE ENGINEERING CONTROL SOLUTION

Now, Eq.(7) will be solved by using the linear engineering control techniques, but this
deferential equation must be linearized to be able for handling it and this done firstly by specifying
the case of study where a simply supported beam has been chosen, and follow the below procedure

Beam and Actuator Equation
If young's modules and second moment of area about the neutral axis are constant then

2
64V _ o0°M p(X’t)
= +
ox* ox?

pbAb + Eply f (x,t) (8)

As shown in Fig.(1) where the actuating force is applied at x = a, then by using Dirac delta Eq.(8)
can be rewrite as

4 0°M X, t
%%QLEmZZ= ;E)Hmdwﬂ ©)

And the moment exerted on the beam by the i actuator can expressed (Moheimani and Fleming,
2006) as
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M i (x,8) = K g () u(x = x3) —u(x = x5:)] (10)
where u(x) is a unit step input and k was formulated by (Zhang, Meng, and Li, 2006) as

2
Ey EptyW, Wydg,

k = (11)
Ept, w, + Eptow,
Substitute that
V(x,t) = > Y, ()a, (1) (12)
k=1
where normalized mode shapes for the simply supported beam are (De Silva, 2000)
Y, (x) =sinkzx/l, (13)
where k=1,2,3,---
multiply by Y; (x) ; integrate over x = [O, Ib] and use the orthogonality of mode shapes to obtain
. 4 .
i I . = . Jma
Eblb(Tﬁj qu' O+ oA qu' =kyjie;)+f (t)s'an (14)
where
|
Vi =J-Yj (X)[&(X—Xli)—5’(X—X2i)}jx (15)
0

and using the derivative Dirac delta function property stated by (Moheimani and Fleming, 2006),
will have

wii =Y (%) =Yj(Xy) (16)

now Eq.(14) can be rewrite as

2 [E
Where o, :(EJ b b (18)
ly PPy
o; = o (19)
2 . .7a
a; = sin j— (20)
. PoAly I
2k
V= (21)
PoAly
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To this end we point out that the differential equation Eq.(17) dose not contain a term to a
count for the natural damping associated with beam. The presence of damping can be incorporated

into Eq.(17) by adding the term 2¢7;@;4; to Eq.(17). This results in the differential equation

qj+2§jquj'+wj2qj'(t):7Vai(t)+aj f () (22)

Applying the Laplace transform to Eq.(22), assuming zero initial conditions and solving for
beam deflection and for N mode shapes, will get

>Eai (8)+ g: %00

V(S)—y% Wtij(X)
i j=1 sz+2§ja)js+a)f

‘ 2

F(s) (23)

Sensor Equation
The voltage generated by the i™ piezoelectric sensor e can be expressed as (Moheimani
and Fleming, 2006)

d3 E W X2i
e (t) = — " [ dx (24)
Cp Xij
The expression of the mechanical strain in sensor patch can be obtained from (Moheimani
and Fleming, 2006)

t, o%;
gsi :—[E‘Ftpj axz (25)

Now e (t) will be

. disE W, (t_b jNﬁ
e (t) = |:—Cp 5 +t, jZ::1 Y, Vi (t) (26)

Applying Laplace transform to result equation, assuming zero initial condition we get

Ei(s) _ 9iE,Wp B¢ 1SV
V(s) C 2 P

N
=—>ks 27
o Y, ia 27)
ORDINARY BEAMS GOVERNING EQUATION
Starting from Bernoulli-Euler equation for constant young's modules and second moment of
area about the neutral axis and for the actuating force is applied at x=a, and following the
previous derivation procedure and for N mode shape, will have

V) & a;Y;(x) J (28)

F(s) jals®+2¢ 0,5 +0f
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SMART BEAM BLOCK DIAGRAM

A complete block diagram representing the smart beam had been constructed, where Form
the previous derived equations and with some block diagram modification, the block diagram that
shown in Fig.(4) had obtained

R(s)=F(s) + C(s)=V(s)
Gji >

A\ 4

G G

A
A

aji sji

Fig.(4) The Block Diagram for Smart Beam with m Collocated Piezoelectric Actuator / Sensor
Pairs and Infinite Beam Vibration Mode Shapes

The transfer function matrix Gy; shown in Fig.(4) consists of a very large number of
parallel second order terms while the transfer functions Gg; and G,; have a m number of parallel
terms, and there values can be expressed as

Gy = % 2 0 2 (29)
j=18 +2§ja)js+a)j
m N
sti =_Z_iji (30)
i=1j=1
mN W
G,ii =72 Z—JI (31)
i=1j=1 CXJ-

In most scenarios, only control of a limited bandwidth is of importance. Typically N modes
of the structure would fit within this bandwidth while modes N + 1 and above are left uncontrolled.
The uncontrolled modes, however, do exist and have the potential to destabilize the closed-loop
system. Therefore, the existence of these modes should be taken into account, and a controller
should be designed to ensure adequate damping performance, as well as stability in the presence of
these out-of-bandwidth modes.

THE PROPOSED INSTRUMENTATION

Practically, the voltage generated by the piezoelectric sensor was very small to handle and
transmitted to the piezoelectric actuator, therefore, the needs for an integrated instruments system
not only for amplifying purpose but also for controlling the beam response. Fig.(5) shows the
overall proposed system components. And the block diagram representing this system is shown in

Fig.(6).
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Applied
Load l Actuator |
 —
E) Sensor | n%
_| High Voltage | Ccontroller
e Amplifier g

Fig.(5) The Proposed Instrumentation

C(s)=V(s)

R(s)=F(s) +
> Beam >

A 4

Sensor |«

A

Amplifier

A
A

Controller

Actuator

Fig.(6) Smart Beam With Controller And Amplifier Block Diagram

FIRST MODE CONTROLLER DESIGN
Because of the unique properties for the lead net work controller shown in Fig.(7) especially

it property to accelerate the system response. For performing the controller design some physical
properties for the desired system response must be assumed in order to be achieved by the

controller operation.

CZ
C, |
1 Wy W
o AR > R, Rs

1 + —0
ES

C 1

Fig.(7) Electronic Circuit of A Lead Network

O
o]
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The transfer function of the lead network compensator can be expressed as (Ogata, 2002)

Ts+1
G. =K.a 32
Y aTs+1 (32)
Referring to Fig.(5) , T = R,C,, aT =R,C,, K, = R“—Cl and o = RoC,
RsC, R,C,

The Bode diagram for the smart beam is shown in Fig.(8), and after executing the control
system design by frequency response procedure as stated by (Ogata, 2002), for static velocity error

about 50s™* and at least 100° phase margin. After calculations the following controller transfer
function will obtained

_14(s+47.5)
©  (s+135.2)

Where K, =14, ¢ =0.35, and T =0.022. The system with the controller Bode diagram is
shown in Fig.(9)

Bode Diagram

:I:l T T
i}
=
ik}
=
=
[
(=]
]
=
@
5]
=
[ E]
2]
]
—
T
180 —-----1----:--l--:-J-L-.'-:-I-------:----:---:--L-LJ-:-LL_------'.- ------- i
10 1q° Frequency (radizec)  1g° 10t

Fig.(8) Bode Diagram for First Mode Simply Supported Thin Smart Beam
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Bode Diagram

hagnitude (dEB)

Phase {(deqg)

Freguency (rad/zec)

Fig.(9) Bode Diagram for Compensated First Mode Simply Supported Thin Smart Beam

FIRST MODE HIGH VOLTAGE AMPLIFIER
After studying and analyzing the block diagram of the proposed system without controller,

for the first mode case. In the present paper, the voltage amplifier gain for the i collocated

piezoelectric actuator / sensor pair was formulated to be

2
Ky=—t (33)

Ky

RESULTS AND DISCUSSION
SIMULINK / MATLAB software was constructed to simulate the proposed system block

diagram. The properties that listed in Table (1) which was adopted from (Moheimani and

Fleming, 2006) had been used as numerical values for such software.
The simulation results of the ordinary beams are showing the high accuracy of the ordinary

beam transfer function in comparing with the analytical solution given by any text.
Many cases had been studied for the first mode vibration and for static deflection, where the

type of the applied load was changed, the number of collocated piezoelectric was varied, and the
beam damping ratio also was varied. Fig.(10) to Fig.(17) show the results of the software
simulations for different cases where the applied load was about 10 N, all the piezoelectric
collocated pairs configurations exhibit a significant reduction in smart beam deflection in compare
with the ordinary beam deflection, as example in the case of cyclic load with ¢ =0.7 about 42%
deflection reduction for single piezoelectric collocated pair at x=1/2, about 52% deflection
reduction, for double piezoelectric collocated pairs at x;, =1/4 and X, =3l/4, and about 65%

deflection reduction for three piezoelectric collocated pairs at x, =1/4, x,=1/2, and
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X5 =3l /4.For the static load cases, the simulation results was decided to introduce for a very short
time about 1 s, and this for showing the beam transient response and effect of the controller. Where
with ¢ =0.7 about 34% deflection reduction for single piezoelectric collocated pair at x=1/2,
about 40% deflection reduction, for double piezoelectric collocated pairs at x; =1/4 and
X, =3l/4, and about 55% deflection reduction for three piezoelectric collocated pairs at x, =1/4,
X, =112, and x; =3l/4.

The simulation of the smart beam without voltage amplifier and lead controller was didn’t
exhibits any valuable reduction in beam deflection and this was expected because of the voltage that
generated by the sensor can not initiate the actuator to be strained to the required limit, and this lead

us to assemble the system shown in Fig.(5), where the voltage amplifier was designed to obtain the
required actuator stain while the controller was designed to obtain the desired beam response.

Beam Properties
Length 550 mm
Thickness 3 mm
Width 50 mm
Density 2.77x10°% kg/m?
Young's Modules 7%x10%° N /m?
PZT Properties
Length 50 mm
Thickness 0.25 mm
Width 25 mm
Charge constant | _210x10"* m/V
Young's Modules | 6.3x10° N/m?
Capacitance 115 nF

Table (1) Numerical Values
CONCOLUSIONS

The principle of operation of the proposed system is to reduce the beam deflection for any
external load situation and this was done by bonded a number of finite of collocated actuator /
sensor pairs working to generate an additional moment operate inversely to reduce the effect of the
applied load.

It has been shown practically that the best result of deflection reduction is obtained by
increasing the number of the collocated actuator / sensor pairs for the case of multi collocated
actuator / sensor pairs, but for single collocated actuator / sensor pair the best reduction is done if
the collocated actuator / sensor pair is bonded exactly at the location of load application
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Fig.(10) First Mode Beams Vibrations with £ =0.7. The Smart Beam with Single Collocated
Piezoelectric Actuator / Sensor Pairat x=1/2
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Fig.(11) First Mode Beams Vibrations with £ =0.7. The Smart Beam with Double Collocated
Piezoelectric Actuator / Sensor Pairsat x, =1/4 and x, =31/4.
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Fig.(12) First Mode Beams Vibrations with £ =0.7. The Smart Beam with Three Collocated
Piezoelectric Actuator / Sensor Pairsat x, =1/4 , x, =1/2,andx; =3l/4
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Fig.(13) First Mode Beams Vibrations with ¢ = 0.4. The Smart Beam with Single Collocated
Piezoelectric Actuator / Sensor Pairat x=1/2.
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Fig.(14) First Mode Beams Vibrations with £ =0.4. The Smart Beam with Double Collocated
Piezoelectric Actuator / Sensor Pairsat x, =1/4 and x, =31/4
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Fig.(15) First Mode Beams Vibrations with ¢ =0.4. The Smart Beam with Three Collocated
Piezoelectric Actuator / Sensor Pairsat x, =1/4 , x, =1/2,andx; =31/4.
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Fig.(16) Static Load Beams Deflections with £ =0.7
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Fig.(17) Static Load Beams Deflections with ¢ =0.4
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(SI units are used, unless otherwise stated)

A The location of the applied load

A, The beam cross-sectional area
C,,andC, The controller capacitances

C, The piezoelectric constant

dgy The piezoelectric charge constant

e, The exposed voltage to the i™ actuator
E, The beam Young's modules

E, The piezoelectric Young's modules

e The voltage induced by the i sensor

f The applied external force

Iy The beam second moment of area

k A piezoelectric constant

K, The high voltage amplifier gain

K. The controller gain

I, The beam length

I, The piezoelectric length

m The total number of the collocated piezoelectric actuator / sensor pairs
M The piezoelectric actuator control moment generated by the i" actuator
M The applied external moment

N The controlled vibration mode number
Q The external shear force

R.,R,,R;and R,

The controller resistances

The time

T The controller time constant

t, The beam thickness

t, The piezoelectric thickness

u(x) The unit step function

v The beam deflection

w, The piezoelectric width

W, The beam width

Xy; The location of the closer edge of the i piezoelectric
Xy, The location of the further edge of the i piezoelectric
X; The location of the center of the i piezoelectric

Y, (X) The normalized mode shapes

a The controller constant

a; A constant for j mode

&g The mechanical strain of the i piezoelectric sensor
Vi Piezoelectric constant for i" piezoelectric and for j™ mode
/4 A beam constant
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o, The j™ natural frequency
o The beam density

Py The piezoelectric density
¢ The beam damping ratio
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EFFECT OF OBSTACLE IN RIVER ON THE HEAT DISSIPATION
OF HOT WATER INJECTION

Ayser M. Fleh
Mech. Engr. Dept.
College of Eng. /Univercity of Baghdad
Baghdad-Iraq

ABSTRACT

Numerical analysis of the cooling process of hot water discharge from a steam power plant
into a river has been carried out in the present study. A mathematical model describing the flow
field and temperature distribution induced in the river as a result of the cooling process is made
based upon the assumptions of steady state, two-dimensional, turbulent flow, in the horizontal
plane. The governing equations are the continuity, the momentum, the (K-¢) turbulence model and
the energy equation. A proper initial and boundary condition are specified to be used in the solution
of the governing equations. A numerical solution of the governing equations is made by using the
control volume approach, with non-staggered grid technique and modified SIMPLE algorithm. The
numerical solution is capable of calculating the velocity and temperature distributions of the
calculation domain. The numerical results show that the developed algorithm is capable of
calculating the flow field, properly and accurately. Results are obtained for ten cases of
configuration, constant aspect ratio and weather conditions for Baghdad. The results show that the
injection velocity effect on the temperature distribution and stream line , the exist of obstacle and its
distance from the injection zone but the increase in injection temperature cause a small effect on
temperature distribution and stream line.
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INTRODUCTION

Cooling water for steam power plants is in most cases supplied from rivers, lakes, artificial
water ponds or cooling tower. Thermal pollution of water is considered a water temperature rise due
to artificial reasons. Basically the rise at temperature may be observed naturally and be caused by
many natural reasons. The degree of heating expressed in temperature may vary from several
degrees(e.g. run-of waters from area exposed for solar radiation) up to extremely high degree(e.g.
when lava flows into the ocean). If artificial reasons are concerned, the main impact associated to
water temperature rise is generated by industry. Water with its high heat capacity is considered as
good cooling medium in industry. It is estimated that electric generating plants are the main source
of thermal pollution in rivers and water reservoirs (H.Inhaber 2005). Furthermore, nuclear power
plants reject all heat to the cooling water system, and emit 50% more heat than heat than a fossil
fuel stations (with a similar amount of produced electricity, (Joyce and Port 1999)). Nowadays the
opinion predominates that thermal pollution due to hot waste water badly affects aquatic
environment. Thermal shock can harm fish and organisms, and thermal enrichment, in spite of
several positive aspects, (e.g. melting ice snow or warm water use in green houses) may be finally
harmful for biocenosis (lack of dissolved oxygen). The main advantages of river are simplicity, low
maintenance, and ability to operate for extended periods without the need for make-up water and,
the low power requirements, as the only mechanical equipment needed are pumps for occasional
addition of make up water. Circulating water pumps are of course needed by river, as by all other
systems. Hot water from the condenser is simply dumped into a river and left to cool. Cool water
from the river is returned to the condenser. The river performance is important to the efficiency of
the power plant itself because a condenser operating at a lower temperature results in more turbine
work and operating at a lower temperature. Results in more turbine work and cycle efficiency, and
less heat rejection. It was found that a difference of (5 C) in the natural temperature of a cooling
river between winter and summer reduces the thermal efficiency of power plant by approximately
(1%) in summer (A. Zukauskas 1976). The present work deals with velocity and temperature
distribution in a river as a means to evaluate heat dissipation. For such analysis values are needed
for eddy viscosity and diffusivity. Literature survey indicates that value for these parameters used

by other workers range between (2.5 * 10~ to 0.1*107 m?/s).

The problem was investigated in literatures with different a approaches. (American Society of
Civil Engineering.1988) the turbulence models regarding surface water flow.
(Nogano and Tagawa. 1990) made an improvement of the K-€ model in conjunction with an
accurate prediction of the near-wall limiting behavior of turbulence and the final period of the
decaylaw of free turbulence. This improved k —& model has been extended to predict the effects of
adverse pressure gradients on shear layers, which most previously proposed models failed to do
correctly.(Anis AL-Layla and Hasan Al-Rizz01990), describes the development and calibration of
a mathematical model for the Tigris River downstream of AL Mosul. The river stretch studied is
75km long extending from the Al Mosul Dam to Mosul city. The field work was conducted during
the period from July to September 1986. Water samples were collected bimonthly from specified
sampling points. (Michael Manga and James W.Kirchner 2004), circulating groundwater
transports heat. If groundwater flow velocities are sufficiently high, most of the subsurface heat
transport can occur by advection. This is the case, for example, in the Cascades volcanic arc where
much of the background geothermal heat is transported adjectively and (Andrzej Pozlewicz2006),
Special attention is paid to electric generating plants where cooling water are mixed with a river.
The study area covers the lower part of Odra River, near Szczecin, Poland, where the main thermal
pollution sources are power plants and coal combustion is used in energy production. The river
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flows through Szczecin in two beds linked by several canals, lake and creates a complex hydraulic

system. The mean discharge flow rate in Odra River is 500-600 m®/s, and the mean velocity 0.3-
0.5 mf/s.

MATHEMATICAL MODELING

The usual system of Cartesian coordinates will be adapted, the x-axis being along the wall,
and the y-axis being at right angle to it. Injection will be accounted for by prescribing non-zero
normal velocity component (V,,) at the wall. In the case of and V,,>0 will be used for injection,

see Fig (1). Two-dimensional flow and heat transfer (w =0, %z =0) ,Uniform suction or
injection (Vy=constant).
Negligible axial diffusion (5%)(2 =0).

According to the previously mentioned assumptions, the governing conservation and
constitution laws will be presented here in terms of the geometry and coordinates system of Fig
(1).these are the continuity, the momentum, the (k-g) turbulence model and the energy equations.

Continuity Equation

— (pu)+—(ov)=0 (1)

Momentum Equation in X-Direction;

(u & ):_6P+a( au}a( wj 2)
x oy e M) Ty My

Momentum Equation in Y-Direction;
N oV oP o ov) O ov

(Uo+v— )=t | (3)
ox oy a oyl o) oy oy

The standard form of (K-g) model is as follows:-

Turbulence Kinetic Energy Equation;

ox ox o mon),  fou)
s MO

And dissipation of turbulence kinetic energy equation;
2 2

u%.kva_g :i ﬂa_g +;utcg i a_u —Cg pg_ (5)
ox oy) oyloe oy 'k oy 'Y
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According to the high Reynolds number (x -¢&) turbulence model the turbulent viscosity
4, is related to the turbulent kinetic energy (&) and to the dissipation of turbulent kinetic energy

(&) through the expression

2

K
ﬂt = C/lp_ (6)
&

The effective viscosity ( . ) is related to the turbulent viscosity (£ ) and to the molecular
viscosity ( ) through the relation :-

e = H+ 1y (7)

In the above equations, (c,.c, ,c, o,,0,) are constants at high Reynolds number and the
model constant C,,C, ,C, 0,,0, are set toc, =0.09,c, =1.44,c, =1.92. Usually, the constant

oando, are assigned to o, =1.0ando, =1.3 (Launder and Spalding 1974)
Energy Equation;

o cp(u£+vﬂ]:£[kﬂJ+i(kt ﬁj ®)
ox oy) oy\ oy) oy\ oY
Where;
_ HCP
=5 (©)

For the evaluation of turbulent kinetic energy and dissipation at turbulent Kinetic energy, it
is sufficed to fix their values at the near wall node (P) according to the following formula:-
T

Kp =— (10)
Pe!
Py
%
&p = . KP% (11)
VieYp
L PYC Kk, (12)

Yy
H

Where ('y,)is the normal distance of the near wall node (p) to the solid surface. In the above

formula, (k) is the Von Karman constant (0.4187) and (E) is an integration constant that depends on
the roughness of the wall. For a smooth wall constant shear stress, (E) has a value of (9.793).

The initial and boundary conditions of problem are shown in Fig (2). All the previously
discussed differential equations can be conveniently presented in the general form.

0 O (g~ 22 |-
&(pU¢)+5(p\/¢) ay|:r¢ ayi| S¢ (13)
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In the above equation, ¢ identifies the dependent variables, T, is the appropriate exchange
coefficient for the variable ¢, and S, are the source term which includes both the sources of ¢ and

any other terms which cannot find place on the left-hand side of Eq. (13)

The derived governing equations and the initial and boundary conditions in Fig. (2) will be
solved numerically by using the control volume approach of (Patanker1980). The finite difference
method (F.D.M.) will be used, and the details of the numerical solution will be described in the next
article.

NUMERCAL SOLUTION
The general form Eq. (13) may by write as;

0 dg| 0 d¢
— T, — [+— -T,—~|=S 14
ax{pwﬁ o dx} W{pwé o dy} o (14)
By defining J as the total flux which consists of convection and diffusion fluxes, or
3, =pup-r2 (15)
OX
o¢
J,=pigp-T—= (16)
’ oy

Where J and J, are the total fluxes through faces normal to the x and y directions
respectively with these definitions, Eq. (14) can be written

oJ
W Sy g, (17)

ox oy
Eq. (17) was integrated by using the finite volume approach of (Patenker 1980), see Fig.
(3) The source term has been linerized, and the values at the control volume faces (e,w,n,s)are
assumed to be found by linear interpolation (central difference) . The resulting final form of Eq.
(17) becomes

(Pos —pAicéS Jaxay +3, -3, +3, - 35 =(S, +S,¢, )AxAy (18)

ap¢1> =aE¢E +aw¢\N +aN¢N +as¢s +b

a. = D,A(P, )+ Max[-F.,0]

a, =D, AP, )+Max[F,,0] (19)
a, = D,A(P,)+Max[-F,,0]

a, = D,A(P, )+ Max[F.,0]

. P Axly
a, =+~

. A b =S, AXAy + a, ¢, (20)

a, =ag +a, +a, +a5 +a, —S,AXAy (21)
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¢e =¢E fe +¢p[1_ fe]
¢W Z%/ fw+¢p[1_ fw]

(22)
¢n =¢N fn +¢p[1_ fn]
¢S:¢S fs +¢p[1_ fs]
Generally
adp = ayd +b nb=EW,N,S (23)
nb nb
Where: b = Absolute part of the discredited equation

COMPUTER PROGRAMS

Computer programs are developed in FORTRAN 90 to perform the numerical solution
formulated previously. The program consists of 3 main parts. The first is for grid generation. The
second deals with solving the five non-linear, partial differential equations and the third deals with
displaying the large quantity of results in a simplified form. In the first part of the program
(MESHGEN), the mesh distribution of the model is generated. The resulting grid is stored in an
external file and plotted on the screen for visual checking. In the second part (MODEL), the five
non-linear, partial differential equations (u-velocity momentum equation, continuity equation,
turbulent kinetic energy equation (K), turbulent energy dissipation equation (& ) and energy
equation (T) are solved. The equations are solved in a sequential order after applying the
appropriate boundary condition to each equation. In the third part (PLOT), the displaying of the
large quantity of results in simplified standard windows graphics is made. This includes plotting the
made, grid the velocity vectors and contour lines in Fig.4.

RESULTS AND DISCUSSION

The developed computational algorithm is tested for the take part in Tigris River 1000m
long, 150m width and input river obstacle variable (dimensions, near river, further river) 5m long
and 3m width. The obstacle near (+15m) and obstacle further (-15m) from injection. The Mach
number was taken as (0.5), the free stream velocity (1m/s). Velocity injection equals to (0.1,

0.9m/s). The Reynolds number of the flow is (1*10") the temperature surface (25C*) with the free
stream pressure and temperature (101325 pa) and (25C°) respectively. The Iragi standard for
thermal pollution according to environmental protection law (Ministry of health directorate
genera of human environment 1967) is that' no hot water should be discharged into natural water

resources on which its temperature is greater than (35C") ", as well as another world wide limit at

powre stations that thermal pollution should not exceed 3C"in the receiving water at mixing zone
in case of river condition (International atomic energy1974). The numerical results show that the
developed algorithm is capable of calculating the flow field, properly and accurately. Taken as
follow:-

Case No.1 present normal section without obstacle and without injection show the Fig (1)

Case No.2 river region with obstacle in the middle and without injection.

Case No.3 river region with obstacle in the middle and with injection (0.3 m/s, T-inj=308 K).

Case No.4 normal region without obstacle and with injection (0.3 m/s, T-inj=308 K).
CaseNo.5without obstacle in river and increase injection velocity (0.9 m/s, constant
- temperature injection).

CaseNo.6obstacle in river and increase injection velocity (0.9 m/s, constant temperature - ----
- injection.
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CaseNo.7obstacle in river, increase injection velocity and increase injection temperature  ---
(0.9 m/s, T-inj=313 K).

CaseNo.8 obstacle in river, increase injection velocity and increase injection temperature  ---
(0.9 m/s, T-inj=318 K).

Case No.9same as 6, with obstacle closer to injection.

Case No0.10 same as 6, with obstacle further to injection

The difference equations of this study were solved on a digital computer using FORTRAN 90
program and the mat lab program was used MAT LAB the isotherm and streamline contours.

The Flow Field

Casel: The first water body configuration that was considered in this work has a rectangle
shape without obstacle and without injection. The numerical results of the stream function were
drawn as equipotent lines giving the trend of the flow all over the river which is without obstacle as
shown in Fig. (5)
For case2: Fig. (6) Shows the stream lines of the flow with obstacle and without injection. The
streamlines were shown to be simple diffuse in obstacle region.
In case3 higher diffuse in streamlines compared with case 2 for a large portion of the obstacle is
clear in Fig. (7) because of the existing of the injection. After the obstacle the stream lines were
equipotent lines giving the trend of the flow.
Stream lines in case4 were diffuse clearly in a large portion of the river in the zone of injection
without obstacle as in Fig. (8).
In case 5 for higher injection velocity (v x 3) compared with case 4 it is clear that the characteristics
of the flow field is relatively similar to that in case 4 for the region far away from the injection zone
as shown in Fig. (9).
For case 6 which is as case 3 but with higher injection velocity (v x 3), Fig. (10) Shows more
diffusion in flow compared with Fig. (7).
It is clear from Fig. (11) and Fig. (12) that the increase in injection temperature (Ti,; =298° K for
case 6 and Tiyj= 343" K for case 7) cause the flow to move longitudinally occupying the end of the
region and a disturbance will be occur in the injection zone.
In case 8 the obstacle is closer to the injection zone by 15 m for the same conditions of case 6. Fig.
(13) shows a disturbance in the region of injection because of the imminence of the obstacle and
after the disturbance region the stream lines are steady in the longitudinal direction.
When the obstacle is far away from the injection zone by 15 m (case 9) there is no effect on the
stream lines as shown in Fig. (14).

The velocity vector

The flow field can be demonstrated in a vector form to show the value and direction of the
velocities in the river area for the 9 cases. Figures (15) and (16) show the velocity vector for a river
without and with obstacle respectively and without injection for both cases. It is clear from Fig.
(16) that the velocity vector is disturbed near the obstacle.
When the obstacle exist with the injection as in case 3 the velocity decrease near the injection zone
as shown in Fig. (17) Compared with that in Fig. (18) for case 4 because of the existing of the
obstacle
Fig. (18) for case 4 shows that the higher velocity vector is near the injection zone and its value
reduced away from the injection zone.
The velocity vector increase higher near the injection zone in case 5, compared with that in case 4
because of the increase in injection velocity and this are clear in Fig. (19) while in Fig. (20) the
velocity vectors are seen to be decrease and become very small near the obstacle.
In Fig. (21) the obstacle is closer to the injection zone which noted a shifting occurred near the
injection zone compared with that in Fig. (22) for isle far away from the injection zone.
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Temperature Field

The temperature field was obtained by the numerical solution of the energy equation for the
8 cases in configuration considered in the previous section. The net local energy rejected from each
finite element of the surface of the river as a function of the finite element local surface
temperature, turbulent flow (k-g) model, incompressible fluid, different injection temperature,
different injection velocity and different obstacle location (closer or farness) in river.
The results of the temperature field are clear in Fig. (23) and Fig. (24) for case 3 and case 4 which
show the temperature distribution in the river region of 1000 m length and 150 m width. The
injection temperature for the two cases is Ti,j =298° K and a decrease in temperature of hot water
injected and the isotherms are seen to be clustered around the injection zone then the temperature
decays in all directions away from injection towards river due to the convection heat transfer as net
energy lost from the river to the environment. The isotherms obtained by (Seghal and Jaluria
1982) are qualitatively similar to the isotherms obtained in this work. Comparing Fig. (23) and Fig.
(24) Shows similarity due to the grate area providing bigger region of dissipating a large amount of
heat transfer to the environment and obtaining lower temperature far away from injection zone.
Fig. (25) and Fig. (26) With grater injection velocity for cases 5 and 6 without and with obstacle
respectively are shown the isotherms obtained to be clustered around the injection and to have
increasing value when moving away from the injection opening toward river. The shape of the
contours differs from that in Fig. (23) and (24). It is clear that the temperature is taken wider region
due to the increase in injection velocity. Comparing Fig. (25) and Fig. (26) it is clear that there is
different distance of temperature distribution or wide region of temperature distribution for the case
with obstacle in the river, so the obstacle is an obstacle disturbs the temperature distribution and
after this obstacle the temperature distribution will be steady.
The isotherms profiles with injection are shown in Fig. (26) with Ti,; =298° K and in Fig. (27) with
Tinj =313° K and Fig. (28) with Ti,; =318 k. respectively. The three cases have the same condition of
isle existing and velocity injection but, the variation between the three figures are very small. So the
temperature distribution area increases in the last case.
Fig. (29) shows the isotherms for the river with obstacle closer to injection zone and other
conditions are as in case 6 but the difference in temperature distribution region increases due to the
decrease of the distance between the obstacle and the injection zone.
It is clear from Fig. (30) which is of the same conditions as case 6 but with obstacle existing far
away from the injection zone by 15 m that the isotherms of this case is the same as in case 6
because this area is not affected by the farness obstacle.

Comparison with an Actual Case
The estimated weather conditions for cooling ponds are listed below:-
U,=01m/s

length = 300m
width =10m
At =10C*

Ret =1000
Pet =1000

T,, =36C°

T, =23C°
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The inflow temperature was taken to be approximately 36 C*.The contour lines close to the
inflow both cases (present work and cooling ponds (Kasim Daws)) are seen to be clustered around
the inflow and a reducing value by moving a way from the inflow opening toward the length river.
Selected results and calculations concerning the thermal temperature of the cooling river under
study are presented Fig. (5, 6) are same cooling ponds (Kasim Daws) Fig. (31, 32) but the
temperature distribution Fig. (33) different between the present work Fig.(34) because the cooling
ponds taken study the following:-

Solar heat flux.

Evaporation heat-exchange.
Heat flux due to back radiation
Surface temperature.

Weather different.

s E

CONCLUSION
The contour lines close to the inflow in all cases are seen to be clustered around the inflow

and reducing value by moving away from the inflow opening toward the long river. From the
results of the present work it was concluded that the increase in injection velocity cause a disturb
near the injection zone and affect the area of temperature distribution and stream lines and so was
the obstacle exist but the in crease injection temperature cause a small effect. The closer obstacle to
the injection zone by15m cause more disturbances in this area.
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Fig.3: The Volume for Tow-Dimensional Case
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Fig.4: Flow Chart for the Numerical Model
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Fig. 9: Stream Lines for case 5
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Fig. 12: Stream Lines for case 8
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Fig.25: Isotherms for caseb
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Fig.26: Isotherms for case6
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Fig.29: Isotherms for case9
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Fig.30: Isotherms for casel0

Fig. 31: Stream Lines for same (present work and cooling ponds)
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Fig. 32: Velocity Vectors for same (present work and cooling ponds)
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NOMENCLATURE

C, The Specific heat at Constant Pressure, (=1004.5 J/kg.K)

F Convective Flux Through a cell Face m?/sec
K Thermal Conductivity W/m. K
k Kinetic Energy of Turbulence J

K Ratio of Specific's Heat, (=1.4 for air)

P Pressure N/m?
P Cell Nodal Point

Re Reynolds Number
T Temperature K
Tw the Wall Temperature K
t Time sec

U The Velocity Vector m/sec
u, v, w Velocity Components in the x, y and z m/sec
X,x  X-Coordinate Distance m
Y,y  Y-Coordinate Distance m
Greek letters
€ Dissipation Rate of Turbulent

AX,AY,AZ Cell Distances

XK, o Constant in the K — & Model

X, Half the Cell Distances

) Dependent Variable in the General Form of Equation

r Transfer Coefficient

U Laminar Viscosity kg/m.s
et Effective Eddy Viscosity kg/m.s
M, Turbulent Viscosity kg/m.s
D Density kg/m®
1% Kinematics Viscosity m?/s

7, Wall Shear Stress N/m?
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Subscripts
e,w,n,s
I

0

t
u,v, w
1,2,3

Superscripts

t

*

o0

Abbreviations

F.D.M
SIMPLE

(east, west, north, south) nodes at the cell face
Laminar

Initial Value

Turbulent

Velocity Component in x, y, and z directions
Coordinate Direction

Turbulent

Predicted Values

Fluctuation Values, Correction Values
Signifies Free Stream Conditions

Finite Difference Method
Semi-Implicit Method for pressure-Linked Equation

Available online @ iasj.net 3466




@ Numberl Volume 15 march 2009 Journal of Engineering

NUMERICAL INVESTIGATION OF TURBULENT
NATURAL CONVECTION IN AN INCLINED SQUARE

ENCLOSURE
Qasim S. Mehdi Khudheyer S. Mushatet
College of Engineering College of Engineering
University of Mustansiriya University of Thigar

ABSTRACT

Two dimensional turbulent natural convection heat transfer and fluid flow inside an air
filled inclined square enclosure differentially heated has been numerically studied. Fully
elliptic Navier- Stockes and energy equations are solved using finite volume method. The
problem is simulated for different angles of inclination (0 <& <180deg.) and Rayleigh

numbers (10° < Ra <10'°). The turbulence k-e model is used to model the effect of
turbulence. The wall function approach is used to model the regions near the walls of the
enclosure. The obtained results from this study show that the rate of heat transfer is increased
with the increase of Rayleigh number and decreased with the increase of angle of
inclination(0 < 8 <90deg.).Also the induced vortices are strongly elongated with increase

of Rayleigh number. The thickness of thermal boundary layer is decreased with the increase
of Ra. The validation of the present code was done by comparing the computed results with
the published ones. The comparison indicated a good agreement.
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INTRODUCTION

Natural convection heat transfer in an enclosure is of importance in many engineering
applications. These include cooling of electronic systems, double windows, air gaps in
unventilated spaces and solar collectors.. However turbulent natural convection in inclined

enclosures is still needs more research area to understand the complex fluid flow and heat

transfer behavior. In the reviewed studies on natural convection, there is a few studies
relating the turbulent natural convection inside inclined enclosures, so the present study try
to facillate the challenge in understanding the flow and heat transfer behavior in this type of
the problems. One of the most important bench mark studies on turbulent natural convection
inside enclosed cavities was an experimental study done by(Ampofo and
Karayiannis,2003). (Corcione,2003) performed a numerical study on the natural convection
in a rectangular horizontal enclosure differentially heated. He used various thermal
conditions of the cavity side walls. Also laminar natural convection in enclosed cavities has
been studied numerically and experimentally by (Davis to Kuper et al., 1983-1993).
(Markatos et al.,1984) and (Lankhorst et al., 1991) used a k-e model to study the two and
three dimensional turbulent flows inside a cavity. Some interesting studies for both laminar
and turbulent flows in inclined cavities has been found by the authors (Zhongand
Young,1985) and( Elshirbiny,1982).

In the present work a numerical investigation has been performed to study the turbulent 2D
thermally driven air flows inside a square enclosure. The objective was to investigate how
the enclosure tilted angle can effect on these flows which are found in a diverse engineering

applications. The computations were performed for Ra ranging from 108 to 10*° and an angle

of inclination from 0° to 180°. The enclosure is differentially heated as shown in Fig.1.
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Fig.1. problem of interest; (a) physical domain, (b) computational domain

MATHEMATICAL MODEL

The turbulent viscous flow and temperature distribution inside an inclined square enclosure
are described by the steady Navier-Stockes, energy and turbulence equations. The flow is
assumed to be incompressible and Boussine approximation is valid. Employing the eddy

viscosity concept, the time averaged governing equations are defined as follows(Jones and

Luander,1972):

8_u+@20 (1)
oX oy

e e Ay o, A of, ), o
,ouax+pvay aX+26X[/ueff 8xj+ay('ueff 8yj+8y('ueff 6xj+pgﬁ(T T,)siné (2)

N N _ o of vy ,of vy of i
Py 6y+8x(“eﬁaxj+28y[ﬂeﬁ8yj+ax(ﬂeﬁay]“’gﬂ(T T,)cos6 (3)

oT  _aT 9 oTY) 0 oT
e e ) ¥
W, =u+ g To=0c+T)2, f=1T, (5)
_ 1M
Larr =0 5y (6)

Available online @ iasj.net 3468




Q. S. Mehdi Numerical Investigation Of Turbulent Natural
K. S. Mushatet Convection In An Inclined Square Enclosure

The turbulent kinetic energy and the rate of its dissipation for two dimensional buoyancy

turbulent flow can be written as follows(Jones and Luander,1972):

ok ok 0O ok 0 ok
pu&—i_lava_&(reﬁ,k&j+5(reﬁ,k5j+e_pg (7)
2
de, 06 _0(n 35\, 0(r a5, eg. £
pl"lax+p\/ay _ax(reﬁ,g ax)+a)/ Feﬁ,gay]+C1ekG+C2:; k (8)
ou oV ou ov
where G=y 2| — | +2| — | + +— 9)
OX oy oy OX
Feff,k:'u-i_&’ eff,g:’u—i_& (10)
O« O.

the eddy dynamic viscosity is obtained by the Prandtl-Kolmogorov hypothesis

o K
Vt_C,, z (11)

the model coefficients are ( ok ;oec ; Cie; Coe ; CH)=(1.0, 1.3, 1.44, 1,92, 0.09 )
respectively (Jones and Luander,1972).

BOUNDARY CONDITIONS

In order to solve the mathematical model, the following boundary conditions are used

At the walls: u = v = 0. and wall function approach (Versteege and Meer,1995) is used for
the near wall grid points.

For perpendicular walls on the x-axis: at x =0, T =T, ,atx =L, T = T, and the parallel
walls to the x-axis are insulated.
The local and average Nusselt numbers along the left vertical hot wall can be obtained from

the following formulas:

U=—=— ; Nu,, =
oX oxT,-T;

—_ ~ — —_
~

ob oT L t
"X | ax Y EN&EG
0 J=1

(d(D 1 Y00
X
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The average Nusselt number is a function of Rayleigh and grid points. The number of grid

points for 10° < Ra <10"is 41x41 and for 10" < Ra <10™ is 84x82 . The increase in Ra
needs more grid points and computational time to obtain a converged solutions. The large

part of grid points for all the studied Ra are found near the walls in all directions.

NUMERICAL PROCEDURE

Finite volume method is used for the discritisation of the considered governing equations.
This gives a system of discritization equations which means that the system of elliptic partial
differential equations is transformed into a system of algebraic equations. The solution of
these equations is performed by implicit line by line Gause elimination scheme. A computer
program is developed to attain the results using the pressure velocity coupling (SIMPLEC
algorithm) (Versteege and Meer,1995). Due to this strong coupling and non-linearity
inherent in these equations, relaxation factors are needed to ensure convergence. The
relaxation factors used for velocity components, temperature, pressure and turbulence
quantities are 0.4, 0.5, 0.45 and 0.7 respectively. These relaxation factors have been adjusted
for each case studied in order to accelerate convergence. Non uniform grid with refinements
near the walls is used. The computational grids are staggered for the scalar variables and not
staggered for the scalar one. The accuracy of the considered code is validated by comparing
the present results with published results as shown in the table 1 . The linear least square

regression method is used for the correlation between Ra and Nu,, for the present results
found in the table 1. This relation takes the form Nu,, = 0.25Ra"*°

Tablel. Comparison of the present results with the published results of (Marakato,1984) for
Pr=0.71and 8§ =0°.

Ra Nuay (present results) Nuay (published results)

6 8.748 8.754
10
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108 32.1 32.04

10 156.85 156.8

10" 840.8 840.1

104 3627 3624

106 11229.9 11226

RESULTS AND DISCUSSION
The computed results are presented as follows for different Rayleigh numbers and angles of

inclination.

Fig.2. demonstrates the stream function for different values of Ra and & =0". It can be
seen that at Ra = 10, there is two elongated vortices near the enclosure walls. When Ra
increased to 10, the two vortices are stretched to one vorticity in the central part of the
enclosure. However there is small vortices arises in the bottom right corner. As Ra =10*,
there is small secondary vortices found in the upper part of the enclosure besides the central
vorticity. At Ra =10 and Ra =10'° the secondary vortices are distributed near the walls. The
increasing of Ra due to the increment in H leads to increase the buoyancy which leads to
increase the vertical and horizontal velocities consequently effect on the vorticity

distribution. The effect of angle of inclination on stream function distribution for Ra = 10% is

depicted in Fig.3. As the Figure shows, when & = 30", the stretching vortices are elongated

in the direction of inclination and the size of the occupied region by these vortices is less

compared with the case of @ =0". When & =60°, besides to the elongated vortices, there

is a small secondary vortices near the enclosure walls. The size of these vortices is larger
compared with @=30". At #=90° there is four re-circulating secondary vorticties
formed near the vertical walls and bottom surface as a result of increasing the buoyancy

force because the hot wall became at the bottom . As the angle increased to @ =120°, there

is elongated vortices and two secondary vortices near the walls. The occupied zone by the
elongated vortices is larger. For @ =150°, the distribution is nearly similar to the case of

6 =30°. However the boundary layer is thicker. This is demonstrated at Fig.6 and Fig.8.
Available online @ iasj.net 3471



@ Numberl Volume 15 march 2009 Journal of Engineering

For & =180" there is two secondary vortices and the size of these vortices is larger
compared with the case of @=0°. The temperature distribution for different Rayleigh

numbers and & =0° is shown in Fig.4. It is evident that the heat is transferred from the hot
wall to the cold wall through a working fluid (air) by convection. This assessed when one
observe that the isotherm lines are not perpendicular. Also it can be seen that the thermal
boundary layer thickness as shown in b,c,d and e. is decreased with the increase of Ra and
as a consequence of this the rate of heat transfer is faster with increasing the Rayleigh

number. The temperature distribution for different angles of inclination and Ra=10® is shown
in Fig.5. It can be seen that at & =307, the isotherm lines are inclined with direction of the

enclosure tilted angle and the rate of heat transfer is less compared with case of & =0°. The
isotherm lines be thicker at the lower part of the hot wall and upper part of the cold one and
this leads to the rate of heat transfer to be larger. This confirmed through Fig.6. which

demonstrates the variation of the average Nusselt number with angles of inclination. As
Fig.5. shows, the rate of heat transfer is continous to decrease from € =60° to & =90". At

0 =120 to & =180", the rate of heat transfer is noticeably increased and this confirmed at
Fig.6.. Also it can be seen from Fig.6 that the average Nusselt number is increased with the
increase of Ra for all angles of inclination because when Ra is increased, the buoyancy

induced flow is increased and that leads to increase the rate of heat transfer. The local nusselt

number variation along the hot wall for different Ra and & = 0°is depicted in Fig.7. It can
be seen that the the lower corner of the hot wall indicated the high value of Nu and hence the
high rate of heat transfer. When the enclosure is tilted with the considered angles of

inclination(0 < @ <90deg.), Fig.8., the local Nusselt number values is decreased. It is

evident that for @ =30° to & =90", the lower corner(y/H=0) of the hot wall disclosed the

high values of Nu while at @ =120° to & =180", this position is shifted to y/H=0.95 as a
Available online @ iasj.net 3472
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result of change of the location of hot and cold walls and hence changing the strength of

buoyancy force.

CONCLUSIONS

In the present paper, the turbulent 2D natural convection inside inclined square enclosure

has been successfully predicted. From the computed results, the following conclusions can

be obtained.

The rate of heat transfer is increased with the increase of Ra and decreased with the
increase of angle of inclination(0<#<90deg.) and converse verse
at(90 < # <180deg.) .

The local Nusselt number values along the hot tilted wall is higher at the bottom
section of the wall, while for the tilted cold wall at the top section.

The thermal boundary layer thickness is decreased with the increase of Ra

The resulted vortices are stretched to the middle of the enclosure with the increase

of Ra.
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NOMENCLATURE

Cu, C1e, Cog turbulence constants, -

G generation term by shear, Kg/m.sec®

H height of the enclosure, m

k turbulent kinetic energy, m%/s?

Nu local Nusselt number, -

Nugy average Nusselt number, -

P pressure, N/m?

Pr Prandtl number, -

3
i -T
Ra Rayleigh number(gﬁH—(T“Cj .
ap

Tc cold wall temperature, C

Th hot wall temperature, C

X, Y Cartesian coordinates, m

. . . . X
X dimensionless Cartesian coordinate [ﬁj -

Greak symbols:

€ turbulance dissipation rate, m?/s°®

M dynamic viscosity, N.s/m?

M turbulent viscosity, N.s/m?

ot eddy dynamic viscosity, m*/s

y7. effective turbulent viscosity, N.s/m?

g effective exchange coefficient, kg/m.s
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. . T-T
(0] dimensionless temperature(_l_ £ ] -
h c

ox ;0¢ turbulent schmidt numbers, -

a thermal diffusivity of fluid, m%/s
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ABSTRACT

The aim of reducing drag is to increase the flow efficiency by using the same pipes and
pumps. As a result the amount of crude oil transported will increase without using new pipes and
pumps.

In the present work, the effectiveness of two surfactants (Sodium dodecyl benzene sulfonate
(SDBS) and Sodium lauryl sulfate (SLS)) are studied by using a closed loop system. This system
consists of three pipes made from commercial steel, each one with different diameter (0.75, 1 and
1.5 inch). The length of each individual test section of the pipe is two meters. The experimental
work is achieved under three different temperatures (30°, 40° and 50°C). The concentrations of both
surfactants used are ranging between 50 to 300 weight ppm.

Laboratory tests showed that there is a direct proportionality between the percentage of
drag reduction (%DR) on one hand and in Reynolds number and pipe diameter on the other hand.
Inverse proportionality is observed between %DR and temperature. The %DR increases as
concentration increases, but at a certain higher concentration, this relation will reverse.

The final results showed that the highest drag reduction (%DR) was 23.67%. This value is
obtained when 200 ppm SDBS is added at 30°C.

The calculated values of friction factor were found to be situated between Blasius and Virk
asymptote adjacent.
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INTRODUCTION

Drag is a term used to refer to pressure drop per unit length of pipe which resulted from
friction. Many techniques for drag reducing were suggested by many researches. One of these
techniques depends on suppressing turbulent eddies by using baffles with different heights, other
techniques used layers of greasy materials or bubble layers to reduce friction. The modern
techniques use small amounts of an additive in a fluid which cause a reduction in the turbulent
friction compared with that of the pure fluid at the same flow rate ( Jiri Myska 1997). The word
“drag” may also be defined as the resistance force parallel to the direction of fluid flowing over a
solid surface. Drag force may be expressed by two components: “friction component” which is
equal to the stream wise component of all shearing stresses over the surface and “pressure drag
component” which is equal to the stream wise component of all normal stresses (Mansour 1998).

There are many applications of drag reduction such as increasing flow rate in drilling
operations, fire fighting and irrigation. In petroleum industry, drag reduction is of great importance
in hydraulic fracturing of oil wells and transportation of liquid petroleum (Thomas R. 1981).

White (1967) examined flowing of a dilute solution of cetyl trimentol ammonium bromide
(CTAB) at concentration 508 ppm. He concluded that the drag reduction increases by increasing
pipe diameter. Hershy, Mcmillan and Boxter (1971) used aluminum dioctoate in toluene as drag
reducer. Zakin (1983) used large number of non—ionic surfactants to study the effect of surfactant
structure, concentration, temperature and mechanical degradation on drag reduction. Abdul-
Hakeem(2000) used one type of non-ionic surfactant (nonyl phenol) and two types of anionic
surfactants (sodium dodecyle benzene sulfonate, SDBS and sodium lauryl sulfate , SLES) as drag
reducers in turbulent flow of Iraqi crude oil.

EXPERIMENTAL WORK AND TEST PROCEDURE

The flow system used in this work consists of reservoir tank, pump, flow meter, pipes,
valves, pressure transmitters, chiller, digital thermometers and computer interface. A schematic
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diagram of flow system is given in figure (1). The diameters of pipes are 0.75, 1 and 1.5 inch while
the length used is two meters. These dimensions are considered suitable for laboratory work.

The following experimental procedure is carried out :
1. The crude oil is permitted to flow in only one pipe. The flow rate of solution was controlled by
bypass section until this rate reaches a specific value.
2. The pressure drop is measured by transmitter which is connected with the computer.
3. Steps 1 and 2 are repeated with different flow rates, keeping in mind that this operation is carried

out at constant temperature.
4. The above steps are redone but with the addition of a solution of different additives to the crude
oil.
5. Steps 1 to 4 are repeated for the other two pipes.
6. Using different surfactant types, concentrations and temperatures, the above procedure is redone
for the sake of observing the effect of these parameters on pressure drop.

The main properties of crude oil before and after adding are given in table (1)

Table (1) Physical properties of crude oil

Kinematic
Temperature Specific grgvity viscosity
°C before adding csc before
adding
30 0.879 15.314 0.876 15.315
40 0.873 10.152 0.874 10.152

50 0.867 4.233 0.869 4.232

Specific Kinematic
gravity after | viscosity csc
adding after adding

The velocities used are 1.7 to 5.3 m/sec. The choice of the velocities is controlled by the
pump capacity.

The concentration of available surfactants are first chosen to be very small (50 ppm). As this
concentration gave small drag reduction the concentration is continuously increased. At specific
concentration (300 ppm), the drag reduction decreased hence the concentration increase is stopped.
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—
f / 12

1. Centrifugal pump, 2. Chiller, 3. Tank, 4. Digital thermometer,
5. Cooling coil, 6. Flow meter, 7. By pass line, 8. Valve,
9.Entrance length, 10. Test section, 11. Pressure transducer,

12. Parallel port, 13.P/C interface.

Figure (1) schematic diagram of flow system

Experimental Calculations

The following equations are used to calculate velocity(V), drag reduction percentage(%DR)
and Reynolds number(Re) respectively.

V=Q/ A 1)
%DrZM 2
AR,
3
Re _ 2V D ®3)
Y2
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RESULTS

Several runs (108) were carried out in this work to study the influence of the following
variables on drag reduction:
1- Reynolds number and Pipe diameter.
2- Surfactants concentration.
3-Tempreature.
Effect of Reynolds Number and Pipe Diameter

Figures (2a-2d) shows the effect of Reynolds number and pipe diameter on %DR for
concentrations (50-300) ppm for SDBS at 30°C at different pipe diameters (0.75, 1 and 1.5 inch).
Figures (3a-3d) show the same effect but for SLS.

It is noticed that for a certain pipe diameter the %DR increases by increasing Reynolds
number. This result is expected since the degree of turbulence inside the pipe increases as Reynolds
number increases and this will provide a better media to the drag reducer (surfactant) to be more
effective.

It is obvious that at the same Reynolds number, high %DR is obtained for larger pipe 1.D
This is because the increase in pipe diameter will give a large area for interaction between the
aqueous solution of surfactant and crude oil. At temperature 40° and 50°C the same effects were
observed.

Effect of Concentration

Figures (4a-4c) are plotted for SDBS at 30°C for different diameters and figures (5a-5c)
for SLS at 30°C.

From figures (4 and 5), it is noticed that %DR increases as concentration increases to a
certain value (about 200 ppm). This may be attributed to the formation of rod-like micelles which
increases as concentration increases to some extent.

When the concentration became greater than 200 ppm, the rate of %DR increase will be
less. Such behavior may be explained by the change of micelles structure from rod-like to spherical
shape as explained by Virk(1967).

Effect of Temperature

The temperature of crude oil is reduced and controlled by a chiller. Figures (6a-6d) show the
effect of temperature on %DR for concentrations (50-300) ppm for SDBS in pipe of 0.75 inside
diameter at different temperatures, and figures (7a-7d) show similar plot but for SLS.

It is noticed that %DR decreases as the temperature increases for both additives used. This
may be caused by the transformation of rod-like (or thread like) to spherical micelles these behavior
noticed by Takashi(1993).

Friction Factor

The friction factor is calculated by the following equation(Bottural 1999):

£ _ APd2/4L @)
Yo /2
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The calculated value of friction factor is plotted versus Reynolds number on log-log scale as
shown in figures 8 and 9. The friction factor is also calculated by using Blasius and Virk equations.

f —=0.0791(Re)~ 9-2° Blasius ®)

f =0.59(Re)~9-28 Virk ©)

As can be seen from figures 8 and 9, the values of friction factor obtained by equation (4) lie
between Blasius and Virk .
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Figure (2) effect of Reynolds number and pipe diameter on %DR for SDBS at 30°C;
(@): 50 ppm, (b): 100 ppm, (c): 200 ppm and (d): 300 ppm

Available online @ iasj.net 3527



H. H. Hussein

S. M. Hamad-Allah

Drag Reduction By Using Anionic Surfactants

& 0.75 inch
22| {1 1inch
20} TC~ 15inch

% DR
|
N

3000 4000 S000 6000 7000 8000 9000 10000 11000 12000
R,
Figure (3a)
24
“&. 0.75 inch
221 01, 1inch
20} "O~ 15inch
18
16
14
& 12
£ 10
8
6
4
2
0
3000 4000 5000 6000 7000 8000 9000 10000 11000 12000

R,
Figure (3c)

% DR

22

& 0.75 inch
O 1inch
“OL 15inch

3000 4000 S000 6000 7000 8000 9000 10000 11000 12000
R,
Figure (3b)
& 0.75 inch
O 1inch
“C. 15inch
/
3000 4000 S000 6000 7000 8000 9000 10000 11000 12000
R,
Figure (3d)

Figure (3) effect of Reynolds number and pipe diameter on %DR for SLS at 30°C;
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Figure (4) effect of concentration on %DR for SDBS at 30°C,;

(@): 0.75inch ID, (b): 1inch ID and (c): 1.5inch ID
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Figure (9) calculated friction factor versus Reynolds number at different concentration of SLS at 30°C;
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CONCLUSIONS

1-Maximum % DR obtained in the present work was 23.67% by using SDBS surfactant at

30°C in 1.5 inch pipe diameter. This indicates that both surfactants used are effectiveness

of moderate as drag reducer with the crude oil under study.

2-The drag reduction percent increases when :

e Increasing Reynolds number.

e Increasing surfactant concentration to a certain limit.

e Decreasing temperature.

3-The values of friction factor calculated lie between Blasius and Virk lines.

SYMMOLS AND ABBREVIATIONS

Symbol Description Unit
%DR drag reduction percentage -

d Pipe inside diameter [in]
L Testing section length [m]
Re Reynolds number (pVD/u) -

\Y/ velocity [m/s]
P Pressure [psi]
Abbreviations Definition

CTAB
NPH
ppm
SDBS
SLES
SLS
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