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ABSTRACT

In this paper, the effect of wear in the fluid film journal bearings on the dynamic behavior of
rotor bearing system has been studied depending on the analytical driven of dynamic stiffness
and damping coefficients of worn journal bearing. The finite element method was used to
modeling rotor bearing system. The unbalance response, critical speed and natural frequency of
rotor bearing system have been studied to determine the changes in these parameters due to
wear. MATLAB software was used to find the analytical values of dynamic coefficients of
journal bearing. The results of rotor mounted on fluid film journal bearings showed that the wear
in journal bearing increases the amplitude of unbalance response and decrease critical speed,
stability and the natural frequencies.
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1. INTRODUCTION

The response of a rotor mounted on the fluid film bearings is depended on the material
characteristics and geometric of the rotor, the reaction forces and the dynamic coefficients of the
journal bearings which support the rotor. The lubrication of the fluid film bearings is described
by the Reynolds equation. The wear in the bearing metals is a usual situation in the systems. This
wear occurs due to overloads which leading to contact between journal and bearing or due to dry
friction between them during the startup or shutdown of the system. In such cases the wear
changes the oil thickness and then the pressure distribution, the equilibrium position of the
rotor's center and finally the dynamic coefficients of the journal bearing and the response
amplitude of the system.

Dufrane, et al., 1983. inspected the worn hydrodynamic journal bearings used in steam turbine
generators and established a model of wear geometry for use in analytical studies of the bearings.
Hashimoto, et al., 1986. examined theoretically and experimentally the effects of geometric
change due to wear on the hydrodynamic lubrication of journal bearings in both laminar and
turbulent regimes. Nikolakopoulos and Papadopoulos, 1994. calculated the full stiffness and
damping matrices of a misaligned wear pattern in a fluid film bearing including higher order
nonlinear terms. Kumar and Mishra, 1996.studied numerically the influences of geometric
change due to wear on stability of hydrodynamic journal bearings. Kumar and Mishra,1996,
studied the non-circular worn journal bearings under condition of non-laminar lubrication
regimes, and the influence of wear on friction and load carrying capacity. Bouyer and Fillon,
2004. investigated the effect of wear on the thermohydrodynamic performance of a plain journal
bearing and they found out that the temperature of lubrication oil is lowering due to wear in
journal bearings. Nikolakopoulos, et al., 2005. developed and presented a numerical method to
identify the clearance defect due to wear in a rotating flexible rotor supported on two misaligned
journal bearing, by response identification at any arbitrary point. Nikolakopoulos and
Papadopoulos, 2007 developed an analytical model in order to find out the relationship
between the friction coefficient, the misalignment angles, and wear depth. Gertzos, et al.,2011.
developed a graphical detection method to identify the wear depth correlating with the measured
dynamic bearing characteristics. Chasalevris, et al., 2013. analyzed a rotor bearing system
supported on worn fluid film bearings in order to estimate the progress of specific frequency
components in the rotor response during resonance due to the action of an external excitation
force. Desjardins, 2013. used special software known the COMSOL software to study the Effect
of Wear on the maximum Oil Pressure and Load-Carrying Capacity of a Plain Journal Bearing.
Robbersmyr, et al.,2014. investigated the metallic contact degree and thus wear and tear
between bearing bushes and rotating shafts due to the oil whirl and oil whips in oil film journal
bearings by measuring electric currents which pass through the oil film.

2. MATHEMATICAL MODEL OF WEAR IN FLUID FILM JOURNAL BEARING

2.1 Wear Model
The wear model used in this work is proposed by Dufrane, et al., 1983. The shape of wear
model is shown schematically in Fig 1.
The region of positive pressure in the state of worn journal bearing can be divided to three sub
region as following:
1. First non- worn region where (0 < 6 < 6;) .In this region the lubricant oil fluid thickness
at equilibrium position can be described by the following equation, Cameron, 1981.:
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h, =c+ecosf (1)

For small amplitude motions about the equilibrium journal position the fluid film thickness
can be rewritten as shown in the following equation and this represents a new approach
adopted in this paper to determine the wear effect on the fluid film thickness

h =C + e(t)cos(0); 2

Where,

0 =y- 0@, , v isanangle measured from y axis.
e(t) = ey + Ae(t); O(t) = @y + AD(t) , where de and A@ are small radial and angular
displacement quantities, respectively. Eq. (2) can be rewritten as in the following
equation

h = C + (ey + 4de){cosO cosAP + sinf sin AQ }, 3)

And, for small amplitude motions,cos(49)~1,sin(40) ~A@. Small values products
such as (4eA®) should be neglected (considered equal to zero)

h=C+ eqcosf + Adecosf + ey AP sin@ = hy + hy 4
Where,
hyo =C+ eycosf; hy = Ade cosO + e, AD sinf

2.Worn region where (65 < 6 < 6).The thickness of lubricant oil fluid (h,,,) in the journal
bearing wear region at equilibrium position can be described by the following equation
Dufrane, et al., 1983.

how = do +ecos8 — ccos(6 + 0,) (5)

Where, c is the journal bearing radial clearance.
By using the same procedures mentioned above for non worn region the thickness fluid
film for worn region (h,,) can be written as following

h,, = do + (eg + Ae) cos(y — @y — AD) — c cos(6 + @)
h,, = do + ey cos8 — ccos(0 + By) + exAD sin 6 + Ae cos 8
= how + 1y (6)

3.Second non-worn region where (6; < 8 < m). In this region the thickness of lubricant oil
fluid as in the first non-worn region.
The starting and final angles of the region where the wear take place (6; and 6y) are given by
the solution of the following equation Nikolakopoulos and Papadopoulos, 2009
cos(9+¢o)=d—— =§—-1 (1)

0
c
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Where 6§ = %

So the values of starting and final angles of the region where the wear take place are
0, =m— @, —arcos(1—-96) , 0y =m — @, + arcos(1 —§) (8)
2.2 Reynolds Equation

For a laminar flow and isoviscous incompressible fluid the Reynolds equation with some
necessary assumptions Kramer, 1993. And for short journal bearing can be written as below

o ( h3 opP o ( h3® op oh | Q 0h
OGO g
dx \12u 0x 0z \12u 0z at a6

By integrating Eq. (9) with respect to the journal bearing length (z), the pressure distribution for
non worn region can be described by the following equation

P50 =5 (2 22) (- 5) )

And for worn region in journal bearing above equation becomes

dhy . Qohy,

P02, = 3 (G +55) (2 - %) (11)

Where P, and h,, are the pressure and fluid film thickness in the worn region of journal
bearing respectively.

2.3 Calculation of Dynamic Coefficients of Worn Journal Bearings

The radial and tangential components of fluid film journal bearing force are Chen and Gunter,
2007

EY L2 om cos 0
{Ft}_z [ [T PO,z 0R (Sin H)dedz (12)

According to the above divided of positive pressure in journal bearing, by using Eg. (10) and
Eq.(11) for pressure in non worn region and worn region of fluid film journal bearing
respectively , Eq. (12) becomes

(o) = (0 G 83+ 7 (e %) + 1 G+ 22010 )
(22 - £)aodz 13)

Substitute the derivative of fluid film thickness for worn and non worn region of journal bearing
in the Eq. (13) and integrate it with respect to the bearing length (Z) with limits (0 to L/2), and

w

let H= % , Hy = hT therefore Eq. (13) can be rewritten as following
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F) _  opRr eosinfcos 0 _ apR egsinfcos 0
{Ft} 2 3H3 f { —eysin’(0) } 2 3H3 fe { —eysin?(0) }
_QuI®R ey sin@cos 0 + csin(06 + @y) cos 6
2 c3H}, f { —eysin?(0) + csin 0 sin(0 + By)

}de

QuLPR[ 65 (— sin 6 cos 0 aul®R|[ 65( cos?@
“zam o { —sin’@ }de] he s am [fo {sin 0 cos 9} dB] 200

PR [ 6 (—sin6cosO _ QuIR ef{ cos? 0 }
2c31-13 _fes{ _San(e) do|Ae 2 3H3, fB sin 6 cos 0 doe 60A®

QuLdR[ m (—Sin O cos 6 QuL3R cos? 0
T 233 .fﬂf { —sin0 } d0 Ae—3 [f"f {sin 0 cos 0} dB] €00

ul3R[ (05 ( cos?@ __pLPR[ 65 (sin @ cos O :
S _fo {sin 0 cos 0} de] he—am [fo { sin?@ }de] €00

_ uL®R 'fof{ cos? 0 }dB]Aé uL3R [fef{smecose}de] eoAD

3H;, |05 (sin 6 cos @ 3H, sinZo
_wPR[m( cos*@ . _uLPR[ m (sin@cos O .

c3H3 -f"f {sin 0 cos 0} dO] Ae — Gua [fef{ sin0 } dB] 2V
(14)

The solution of Eq. (14) has the following form Andres, 2006.

1
[Ft] [Fto] Ktr Ktt] [eo AQ] [Ctr Ctt] [eo AP (13)
So as to solve equation (14) a first order Tyler series expansion has been used
H3=Hy3®—-3H;*H, , H,?=H;}—3H5 H, (16)

After long algebraic operations, the solution of Eq. (14) can be described as in the following
equation

E _ 11] I3 14] Ae I; 18]{Aé}
T R VA R i v B v o 4
Where
foegsosme cosG fefsosme cosf— cosf sin(0+0,) do
Hw
Il = C.P;

T £,5in6 cosO
+ fef 7 do
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2_
fes so(sme) do +f9f £o(sinB)?*— sinb sin(6+0,) de

0 H3
I, =c.F, ow
n fn eo(sme) do
( _ fes sin@ Cose do + 3. ¢ fes sinB (cosB)? de \
Hp
_ . 0 siné cosb O sind (cosB)? Of (cos0)? sin(0+0,)
I;=F fes N do +3.¢ f i de — 3. f e de
T sinf cosB T sinf (cos@)
| —Jy, a0 + 3.g. [ T dB )
( fes (cos@) do + 3. J-HS cos6 (sin)? do \
| 0 Ho |
_ P; 4 +3 £,. fef (smt:) cosB do + fef (cose) do — 3. f:f cosf s;ln(9+(2)o) d@}
ow Hdy ow
1 (cosB)? 7 cosB (sinh)? I
L g6 + 3., [y A de )

i 0)2
_J-OHS (smf) do +3.¢ £, fegcose (sin)? de

(
15 _ F;J+3.€o.f9f (sin@)? cosO do — fef (sm@) do — 3. fé)fsme cos0 sin(0+0,) dgL
| o |

05 How How
_ fn' (sm@) do + 3.¢e g, fn' COSHI(;MQ) do
6 6
( foswde +3.e,. [y S L0 g )

2
16 —F +3.¢ £, J«Gf(sm) d9+f9f5m96059 do — 3. fef(sme) sin(6+9,) do
Hpy

HOW
T sin@ C059 T (sm)
L + fef do + 3.g,. f ao )
_ 2Fs { (6s (cos0)? 0f (cos0)? 7 (cos0)?
Iy = 2o [0 + [, do + [0 de}

18 _ %{fﬂs sin® cosO do + fef sin6 cosO do + fn sin6 cosO de}

0 H} 0s  H3, 0  HP

19 _ %{foeg sinf cosG do + fef sin@ C059 do + fn sinf cosB d@}
H§
110 _ ng {f:s (smG) do + fef (smB) do + fn (smB) d@}
UQRL3
Fs = 2¢3 '
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By comparison between Eqg. (15) and Eq. (17) get the values of dynamic coefficients in rotating
coordinates system

Fro=11, Fo=0L Ky =13, Ky =14, Kgp=1Is , Kt =1g
Cr=1;, Cit=1Ig,Cq =1y , Ct = gy

For dynamic coefficients in fixed coordinate system the following equation can be used to
convert from the rotating coordinates to the fixed coordinates Andres, 2006.

[Ky x ny] _ [sin 2, cos @, ”sm 2, —cos 9,
|Kyx Kyyl |—cos®, sing, Ktr Kill cos®, sin@,

(18)

[Cyx CXY] _ [sin 2, cos (Z)OH ”sm 2, —cos (ZSO]
[Cyx Cyyl  |—coso, sind,|[Cs Cill cos®, sind,

The integrals in Eq. (17) can be calculated by using table of journal bearings integrals
Booker, 1965. for integrals of non worn regions and by using Simpsons 1/3 rule with multiple
divisions for integrals in the worn regions. Many Matlab scripts have been written to calculate
dynamic coefficients for non worn journal bearing and worn journal bearings. The dynamic
coefficients of non worn journal bearings can be calculated by using the same equations of worn
journal bearings except the value of wear depth (do) equal zero.

The following steps were followed to calculate dynamic coefficients for journal bearings in state
of non worn and worn case

1. Writing Matlab script to calculate iteratively (using Newton — Raphson method) the

eccentricity ratio of journal bearing by using the balancing between the film reaction
force components and applied static load which represented in the following equation
Friswell, et al, 2010.

€8 —4e®+ (6 —S2(16 —m?))e? — (4 +n2SHNe? +1=0 (19)

Where S, is modified Sommerfeld Number S = pQLR

are

journal radius , bearing length, rotor rotational speed, lubricant oil viscosity, radial
clearance and external applied load (the part of rotor weight supported by every bearing)
respectively.

2. Writing Matlab script is used to calculate iteratively the attitude angle in state of worn
journal bearing by using the following equation

0.5
(Eo®+F’) —Fp=0 (20)

3. Writing Matlab script is used to calculate dynamic coefficients for non worn journal
bearing by using EQ.(17) with (substitute do = 0 in EQ.(6) then substitute resultant
equation in Eq.(17))

4. Writing Matlab script is used to calculate dynamic coefficients for worn journal bearing
by using Eq. (17). For bearing number one as shown in the Fig.1 while bearing number
two still without wear.
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3. ROTOR BEARING SYSTEM ANALYSIS USING ANSYS

3-D Solid model rotor bearing system gives more accurate results than in the case of one
dimensional beam model as well as there are many advantages in adopting this model Rao and
Sreenivas, 2003. Therefore it is used in this work, Solid187 element has been used to model
shaft and disk as shown in the Fig.2. (a), as well as comi214 element used to model journal
bearing ANSYS Guide, 2012. The eight dynamic coefficients of journal bearing are depending
on the rotational speed therefore when these coefficients represent in ANSYS must be changed
with rotor speed. The dimensions of rotor and bearings which used in this work are shown in
Fia.2. (b), and Table.1.

4. RESULTS AND DISCUSSION

4.1 Effect of Wear on the Dynamic Coefficients of Journal Bearings

The eccentricity ratio for fluid film journal bearing decreases with the increasing the
modified Sommerfeld number (Ss) and with increasing the rotor spin speed due to the inverse
relationship between modified Sommerfeld number and rotational speed of rotor and then with
eccentricity ratio as shown in the Fig.3.
Fig.4 and Fig.5 describe the variation of the intact rotor dimensionless stiffness and damping
coefficients respectively with the modified Sommerfeld number (duty number) and rotational
speed of rotor, these figures showed that the direct dynamic coefficients (stiffness and damping)
become somewhat fixed value when the rotor spin speed reach about 2000 rpm, because the
eccentricity ratio becomes somewhat fixed and eccentricity ratio represents the important
parameter in the dynamic coefficients calculations.
Fig .6 shows the variation of attitude angle with wear depth and eccentricity ratio, the attitude
angle under the constant eccentricity ratio decreases with increasing in the wear depth parameter.
Fig.7 demonstrated that the direct dynamic coefficients (Kyy, K, Cxx, Cy,) have fixed value
when rotational speed of the rotor becomes higher than the 2000 rpm approximately, also cross
coupling dynamic coefficients (K, Ky, Cxy, Cyx) have no significant changes when rotor speed
becomes higher than the 2000 rpm this is because the change in the value of the eccentricity
ratio becomes small at this speed.
Fig .8 and Fig.9 clearly show that the dynamic coefficients decrease with the increasing of wear
depth parameter except the direct stiffness coefficient in the y- direction increases with the
increasing in wear depth parameter that means the stability of rotor supported on worn journal
bearing will decreases with increasing in the wear depth parameter.

4.2 Effect of Wear on the Dynamic Behavior of Rotor

The critical speed of rotor supported on fluid film journal bearings is speed dependence,
Childs, 1993. Therefore the location of the critical speed is at maximum unbalance response,
Rao, 1996. The ANSYS results showed that the using of fluid film journal bearing in the rotor
bearing system increases the instability at the critical speed due to existence of cross coupling
coefficients as shown in the Fig.10. The wear in the journal bearing with the wear depth
parameter (6 = 0.2,do = 0.02 mm) decreases the critical speed by about 2.3% and increases
the amplitude by about 50% at the critical speed as shown in the Fig.11 this is due to the high
decreasing in the cross coupling (Kyy) with low decreasing in the direct damping coefficients and
less increasing in the cross coupling damping coefficients but this state increases the stability of
rotor after critical speed as shown in the Fig.11 where there is smooth decay beyond maximum
response.
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The additional increase in the wear depth parameter (6 = 0.4,do = 0.04 mm) led to decrease
the critical speed by about 8.87 % and decrease the amplitude of unbalance response by 8.9 %
due to high increasing in the Ky, as well as high increasing in the cross coupling damping
coefficients as shown in the Table 2., but The important point that deserves to be mentioned
here the system become more instable as shown in the Fig.12, and this is undesirable case

5. CONCLUSIONS

1.

w

Wear in journal bearing is generally decreasing the critical speed of rotor bearing system
and that means decreasing the natural frequency.

Low wear depth is increasing the stability of rotor bearing system but in the same time
increasing unbalance response amplitude.

High wear depth led to increasing in the instability of the rotor bearing system.

Measuring of unbalance response can be used to on line wear detection in the rotor
journal bearing system and develop a monitoring system for rotating machine can be
applied in the virtual system at early wear detection and prevent the sudden failure that
could lead to full system break down.
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NOMENCLATURE

¢ = radial clearance, m

do = wear depth, m

e = eccentricity between journal center and bearing center, m

eo = eccentricity between journal center and bearing center at equilibrium position, m
F, = journal bearing external applied force = weight of rotor applied on every bearing , N
E. = radial component of fluid film journal bearing force, N

F, = tangential component of fluid film journal bearing force, N

F,, = radial component of fluid film journal bearing force at equilibrium position, N
F;, = tangential component of fluid film journal bearing force at equilibrium position, N
K;; = dynamic coefficients in rotating coordinates , i,j = r,t

K;; = dynamic coefficients in fixed coordinates , i,j = X,y

h = fluid film thickness non- worn region, m

H = nondimensional fluid film thickness of non- worn region =h/c

ho = non- worn fluid film thickness at equilibrium position, m

h,, = worn fluid film thickness, m

H,, = nondimensional fluid film thickness of worn region = h,,/c

hgoy = worn fluid film thickness at equilibrium position, m

L = bearing length, m

P = lubricant oil pressure of non- worn region, pa

P,, = lubricant oil pressure of worn region, pa

R = journal radius, m

y = circumferential coordinate from Y-axis, Fig. 1

6 = wear depth parameter = do/c

& = eccentricity ratio = e/c

6 = circumferential coordinate, Fig 1.

6= circumferential location of the starting point of the worn region, Fig. 1

6= circumferential location of the final point of the worn region, Fig. 1

p = viscosity pas

@, = attitude angle, Fig. 1

Ae = small displacement at equilibrium position

A® = small variation of attitude angle

Q) = rotational speed of rotor, rad/s
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Figure 1. Worn journal bearing.
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Figure 2. (a) Ansys rotor model (b) Mechanical drawing of present rotor bearing system.
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Figure 3. Bearing eccentricity ratio (a) asa function of the modified Sommerfeld number (b) as
a function of the Rotor Spin Speed.

10

Bearing Stiffness (MN/m)

1
1
1
1
1
1
1
1
1

crt : Lo ek Lok : S

10" 10" 10° 10

: L L L L L
Modified Sommerfeld Number 0 1000 2000 3000 4000 5000 6000

Rotor spin speed (rev/min)

(2) (b)

Figure 4. Nondimensional stiffness of an intact fluid film bearing (a) asa function of the
modified Sommerfeld number (b) asa function of the rotor spin speed, (negative coefficients
are shown as dashed lines).
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Figure 5. Nondimensional damping of an intact fluid film bearing (a) asa function of the
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Table 1. Shows rotor material and lubricant oil specifications

Volume 21 December -
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Shaft | shaft | Disc | Disc MOS?IUS Shgft ind Lubr?lcant Unbalance
length i i thickness . IS ol force
: d'?nm' d'?nm' Elasticity | pensity | viscosity
m m pa Kg/m® Pas Kg-m
0.654 | 0.048 | 0.34 0.02 2.1x10" 7850 0.032 | 0.323x10°
Table .2 Variation of journal bearing coefficients with wear depth
5 Ky Kxy Kyx Kyy Cyx Cyy Cyx Cyy
x10° | x10° | x10° | x10° | x10* | x10* | x10* | x10*
0 2.4 5.9 -6.81 | 1.34 194 | -0.38 | -0.38 2.1
0.2 2.1 3.93 | -6.86 1.6 1.69 | -0.25 | -0.25 1.7
0.4 15 3.37 | -1.77 2.2 194 | 0.176 | 0.176 | 1.59

18




Number 12 Volume 21 December - 2015 Journal of Engineering

Experimental Evaluation Use of Semifluidized Bed Adsorber for the Treatment
of P-chlorophenol and O-cresol in Wastewater using Activated Carbon as
Adsorbent

Dr. Saad Hanash Ammar
Lecturer
Department of Chemical Engineering, Al-Nahrain University
Email: saad _cheminet@yahoo.com

ABSTRACT

In the present work the performance of semifluidized bed adsorber was evaluated for
removal of phenolic compound from wastewater using commercial activated carbon as adsorbent. P-
chlorophenol (4-Chlorophenol) and o-cresol (2-methylphenol) was selected as a phenolic compound
for that purpose. The phenols percent removal, in term of breakthrough curves were studied as
affected by hydrodynamics limitations which include minimum and maximum semifluidization
velocities and packed bed formation in the column by varying various parameters such as inlet liquid
superficial velocity (from Upinse 10 8Uninsg M/S), and retaining grid (sometimes referred to as
adsorbent loading) to initial static bed height ratio (from 3-4.5). Inlet phenols concentration (50-400
mg/l) and initial pH of the liquid solutions feed (from 4 to 10) were also studied. The experimental
semifluidized adsorber unit was designed and constructed in Chem. Eng. labs at Al-Nahrain
University (consisted of a QVF glass tube 2.54 cm inside diameter, and 70cm length). The results
showed that the initial percent removal of phenolic compounds (P-chlorophenol and o-cresol)
decrease with increasing the superficial liquid velocity while the time required reaching equilibrium
state decreased. Also it slightly affected with the increase in the retaining grid height and the time
required to reach the equilibrium value decreased.

Keywords: wastewater; p-chlorophenol; o-cresol; Semi-fluidized bed; adsorption; activated carbon.
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1. INTRODUCTION

Wastewater from chemical and petrochemical industries containing toxic pollutants such as
phenolic compounds, dyes and heavy metals can have a several impacts on many organisms that live
not only in aquatic ecosystem but also in the body of the human beings. The surface and ground
waters are polluted by these compounds therefore the environmental concerns make it is necessary
to remove these pollutants from the wastewater ,Parida and Amaresh, 2010.

Presence of phenol and its derivatives even at low concentration in the industrial wastewater
adversely affects aquatic as well as human life directly or indirectly when disposed off to public
sewage, river or surface water. The toxicity imparted by phenolic compounds is responsible for
health hazards and dangerous to aquatic life ,Meikap, 1997.

Phenols are being discharged into the wastewater from various industrial processes such as
oil refineries, petrochemical plants, ceramic plants, coal conversion processes and phenolic resin
industries (such as phenol-formaldehyde and bisphenol-A plants) and other synthetic resin
manufacturing units ,Monteiro, 2000 and Vinod and Reddy, 2003.

Removal of phenols from industrial effluents is required before sewage disposal. For that
purpose, various methods have been suggested. According to, Kulkarni and Kaware, 2013 review
on the research for removal of phenolic compounds from wastewater several physicochemical and
biological treatment methods such as polymerization, electro coagulation, solvent extraction,
photodecomposition, ion exchange by resins, electro-fenton (EF-Fere) method, chemical oxidation
by ozone, aerobic or anaerobic biodegradation and adsorption onto active solid materials has been
used ,Senturk et al., 2009.

Activated carbon has been employed widely by numerous researchers as an adsorbent to
remove phenol and its compounds from wastewater. Activated carbon is synthesized from various
carbon containing raw materials such as coke, palm shell, rice hulls, and coconut shell by a process
including dehydration of the raw material and carbonization and then activation Singh and
Srivastava, 2002.

In the other words, various aspects of liquid-solid semifluidization which have been studied and
reported earlier by different authors include packed bed formation, pressure drop, fluidized bed heights,
and minimum and maximum semi-fluidization velocities are determined according to a number of
variables such as the retaining grid height from inlet fluid distributer, inlet fluid velocity, density and
viscosity of the liquid, static bed height, expansion ratio, and particle size.

20



Number 12 Volume 21 December - 2015 Journal of Engineering

When semi-fluidized bed is compared with both fluidized bed and fixed bed; there are some
problems in fluidized and fixed beds such as back-mixing of solids particles, attrition and elutriation
of particles, the necessity of considerable free board above the bed and erosion of surfaces in
fluidized bed and high pressure drop, non-uniform bed temperatures, segregation of solids and
channeling and blockage in fixed bed therefore the semi-fluidized bed merits when it compared to
the fluidized bed and fixed bed ,Younk, et al., 1999.

The main objective of this work is to study and evaluates the removal process of phenolic
compounds P-chlorophenol and o-cresol from wastewater in semifluidized bed adsorber as a novel
system. Single aqueous solutions of p-chlorophenol and o-cresol were passed through the column
packed with activated carbon to get their breakthrough curves at different experimental conditions
these conditions include inlet liquid superficial velocity, initial phenols concentration, and pH in
addition to the hydrodynamic characteristics such as retaining grid height, static bed height and
minimum and maximum semiflidization velocities.

2. EXPERIMENTAL
2.1 Materials

Commercial granular activated carbon supplied by Didactic company of purity 99.9% with
surface area 1080 (m%/g) and solid density 1.153 (g/ml) was tested as an adsorbent. The GAC solid
was milled and screened to the range of 200-600 pm.

Analytical grade p-chlorophenol (powder state, > 99.0 % purity, formula CgHsCIO,
molecular weight 128.5) and o-cresol (solid powder state, > 99.0 % purity, formula C;HgO,
molecular weight 108.14) were provided from Sigma-Aldrich, Inc. and used without any further
treatment. Firstly phenols (p-chlorophenol or o-cresol) solution was prepared by dissolving 1 gm of
p-chlorophenol or o-cresol in 1 L of distilled water to obtain stock solution of concentration 1000
mg phenols/l. The stock solutions were diluted if necessary to get the required concentrations of 50,
100, 200, and 400 mg/l.

The pH of the solutions was adjusted by addition of 0.1M HCI or 0.1M NaOH solutions as
needed at initial solution pH study.

2.2 Experimental Unit

The experimental unit used in this work consists of a semi-fluidized column equipped with a
top retaining plate, and liquid distributor, liquid pump, two liquid rotameters and two tanks for feed
and product. The semifluidized bed column used in this work is transparent QVF glass column of
2.54 cm. inside diameter and 70 cm. long with an expanding end of 10.16 cm diameter. A movable
retaining grid made up of 100 mesh stainless steel screen is fixed on a Perspex perforated plate with
outside diameter of which is very nearly the same as the inside diameter of the column. The
retaining grid can be moved up and down to any position along the column by using a 4 mm
diameter metal rod. Fig.1 shows the schematic and photographic view of the experimental unit.
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2.3 Procedure

As a preliminary study the hydrodynamic limits (such as minimum Uninss and maximum
Umaxst Semifluidization velocities and height of packed h,, bed formation in the semi-fluidizer) were
determined.

The minimum and maximum semiflidization velocities and packed bed formation hp, were
determined at each (h,/hs) ratio visually and compared with estimated value from equations given by
,Jena et. Al, 2009.

In the first set of experiments the retaining grid to static bed height ratio (h,/hs) and the initial
static bed height (hs) were fixed and selected as 3.5 and 5 cm respectively, therefore the height of
grid h, = 17.5 cm then the superficial liquid velocity was changed from one to eight times the value
of minimum semiflidization velocity (i.e. Uminst — 8Unminsr) to find its effect on the percent removal of
p-chlorophenol. The determined value of minimum semiflidization velocity and the other
experimental conditions were fixed as shown in Table.1. At this step the semifluidized bed was
operated under continuous mode and the breakthrough curves of p-chlorophenol were generated. All
experiments were performed at constant temperature of 30 °C.

After determining liquid superficial velocity that gives the best breakthrough curve of p-
chlorophenol, the retaining grid to initial static bed height ratio (from 3 to 4.5) and by the way the
initial static bed height (from 3 to 8 cm) were examined at particle size, initial p-chlorophenol
concentration, and initial pH of (200-600) pum, 100 mg/l, and 6 respectively. The aim of this step is
to determine the best value of the retaining grid to initial static bed height ratio. The best value of
retaining grid to initial static bed height ratio which gives higher removal of p-chlorophenol will be
selected for the next step.

In the next step the initial concentration of p-chlorophenol and o-cresol (50, 100, 200, and
400 mg/l) was tested at best values of liquid superficial velocity and retaining grid to initial static
bed height ratio.

In the final step of the experimental procedure the initial pH (varied as 4, 6, 8 and 10) was
studied on the removal of p-chlorophenol and o-cresol and new breakthrough curve will be
generated.

Each sample of phenols was analyzed using UV-Vis. spectrophotometer at wavelengths of
279 for p-chlorophenol and 271 nm for o-cresol (Thomas, 2007). The pH was measured using pH
meter manufactured by HANNA Instruments Company (range 2 to 16 = 0.01).

3. RESULTS AND DISCUSSION
3.1 Hydrodynamics

Fig.2 shows the experimental relationship between the retaining grid to initial static bed
height ratio (h/hs) and minimum Upninse and maximum Unaxss Semifluidization velocities for the
activated carbon of range of (200-600) um particle diameter in water- solid carbon system. The
benefit of this run was to know the limits of velocities at different (h,/h;) ratios in order to select the
appropriate (h/hg) ratio. It is seen from this figure that the minimum and maximum semifluidization
velocities increase with the increasing of (h/h;) ratio.
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3.2 Effect of Liquid Superficial Velocity

Figs.3 and 4 show the effect of the superficial liquid velocity on the removal of p-
chlorophenol. It is clear from this figure when C,=100 mg/l, d,=(200-600) pm, hs=5 cm, h,=17.5,
Unminst = 0.05 m/s, pH=6 and liquid superficial velocity was varied from Uminst t0 8Uminss the initial
percent removal decrease with increasing the superficial liquid velocity while the time required
reaching equilibrium state decreased. The increase in superficial liquid velocity leads to decrease the
contacting rate between the activated carbon adsorbent and phenols aqueous solution ,Younk G.P.
et al., 1999. The equilibrium time for adsorption of p-chlorophenol at superficial liquid velocity of
Uninst, 2Uminsf, 4Uminst, 6Uminst and 8Uninst Were 60, 75, 80, 90 and 100 min respectively.

3.3 Effect of Retaining Grid to Initial Static Bed Height Ratio (h,/hs)

To determine the effect of the retaining grid to initial static bed height ratio, the liquid
superficial velocity was selected as (8 Uminsf) and the retaining grid to initial static bed height ratio
was varied from 3 to 4.5 (initial static bed height varied from 3 to 8 cm), the other parameters were
fixed as C,=100 mg/l, dp,= (200-600) pm, and pH=6. Table.2 shows the variation of hydrodynamic
characteristics at this section.

Fig.5 shows the effect of retaining grid to initial static bed height (h/hs) ratio on the
breakthrough curve of p-chlorophenol. It can be seen from this figure that the initial removal of p-
chlorophenol slightly affected with the increase in the retaining grid height also the time required to
reach the equilibrium value decreased. For example when the initial static bed height was 5 cm and
the height of retaining grid varied from 17.5 cm to 20 cm as shown in Table.2 the percent removal
increase from 0.71 to 0.8.

Increasing the retaining grid height leads to a slight increase in the value of minimum
semifluidization velocity required therefore there is no big change in percent removal.

3.4 Effect of Initial Concentration of P-chlorophenol and O-cresol

Figs.6 and 7 show the effect of initial concentration of p-chlorophenol and o-cresol
respectively on the breakthrough of these two compounds at retaining grid to initial static bed height
ratio of 4, static bed height of 5 cm, superficial liquid velocity of 8 Uminsf, particle size of (200-
600) um, and pH= 6.

The initial percent removal decrease with increasing the initial concentration while the time
required reaching equilibrium state decreased, this is due to increasing the amount of p-chlorophenol
and o-cresol to be adsorbed onto activated carbon particles. This result is agree with numerous
investigators such as , Shabiimam and Dikshit , 2012), Singh D. K. (Singh D. K. and Bhavana
Srivastava, 2002) and Kulkarni S. J. (Kulkarni and Kaware, 2013) whose studied the removal of
several phenolic compounds onto activated carbon using fixed and fluidized bed adsorber but not
semifluidized bed.
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3.5 Effect of Initial pH

Fig.8 shows the effect of initial pH of the solution in the bed on the percent removal of both
p-chlorophenol and o-cresol after 40 min of operation at retaining grid to initial static bed height
ratio of 4, static bed height of 5 cm, superficial liquid velocity of 8 Uminsf, particle size of (200-
600) um, and finally the initial concentration was selected for each component as 200 mg/I. It can be
seen that the percent removal was highly dependent on the pH of the solution. The percent removal
for both phenols increases with increasing pH of the solution up to about pH 7 then decreases with
further increasing in pH. The maximum removal percent was at pH between 7 and 8. When
increasing pH above 8 this is leads to affect the surface charge of the adsorbent and degree of
ionization therefore the percent removal decrease. In other words, this effect can explain that
because of the aqua-complex formation and it’s following acid-base disintegration in the solid-liquid
interface (Singh and Srivastava, 2002, Amit and Minocha, 2006).

4. CONCLUSIONS

Semifluidized bed adsorber was used and evaluated experimentally for removal of two
phenolic compounds p-chlorophenol and o-cresol at different conditions. It is claimed that the use of
semifluidized bed was very successful when use high to moderate superficial liquid velocity above
minimum semifluidization velocity and initial pH between 7 and 8 and any retaining grid to initial
static bed height ratio to enhance the percentage removal of these pollutants.
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Figure 1. Schematic diagram and photographic view of the semi-fluidized bed unit. (1): Semi-
fluidizer. (2): Movable retaining grid (3): Retaining grid (4): Liquid distributor (5): Rotameters (6):
Pump (7): Feed tank (8): Liquid reservoir (9): Sampling valve (10) inert packing for distribution.

25



Number 12 Volume 21 December - 2015 Journal of Engineering

Tablel. Experimental conditions of the preliminary study.

Parameter Value
Phenolic compound P-chlorophenol
Initial concentration (C,), mg/l 100
Particle size (dp), pm 200-600
Initial static bed height (hs), cm 5
Retaining grid height (hs), cm 17.5
(hi/hs) 3.5
Minimum semiflidization velocity (Upinst), M/s 0.05
pH 6
0.7
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Figure2. The relation between (hr/hs) and minimum and maximum semifluidization velocities .
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Figure3. Effect of liquid superficial velocity on the breakthrough curve of p-chlorophenol .
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Figure4. Effect of superficial liquid velocity on the p-chlorophenol removal percent at 40 min and at
equilibrium .

Table2. The hydrodynamic characteristics for determination (h,/h) ratio.

(cm)
1 3 3 9 0.043452 0.347 2.5
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3 4 5 20 0.056293 0.45 2.5
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Figureb. Effect of retaining grid to initial static bed height ratio .
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Figure8. Effect of initial pH on the percent removal of p-chlorophenol and o-cresol after 40 min.
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ABSTRACT

Expansive soil spreads in Iragq and some countries of the world. But there are many problems can
be occurred to the structures that built on, so we must study the characteristics of these soils due to
the problems that may be caused to these structures which built on these kinds of soil and then
study the methods of treatment. The present study focuses on improving the geotechnical properties
of expansive soils by treating it Metakaolin(M). Metakaolin (M) has never been used before as an
improvement material for stabilizing the expansive soil . Metakaolin is a pozzolanic material. It’s
obtained by calcination of kaolinite clay at temperatures from 700°C to 800°C. Kaolin chemical
composition is basically aluminous silicates hydrates associated with Mn, Fe, Ca, K, Na. Its crystal
has a lattice structure of tetrahedral and octahedral layers with interplanar distance of 7.2 A. The soil
used in the present study can be classified according to the Unified Soil Classification System as
clay with high plasticity (CH) .

Key words: expansive soil, improvement ,swelling, , swelling pressure, metakaolin
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1.INTRODUCTION

Expansive soil is one of the problematic soils that face many geotechnical engineers in the field
(others include collapsible soil, quick clays, etc.). The expansive soil is known to cause severe
damage structures that are founded on it. In Irag, there is no confirmed information about the
economic losses due to structures founded on expansive soils. However, there are several well-
documented cases of studying the behavior of expansive soil in Iraq. Expansive soils are very
sensitive to variations in water content and show excessive volume changes because of an increase
in their water contents. Expansive soils have the tendency to swell when they become in contact
with moisture and to shrink if moisture is removed from them. Expansive soils are a worldwide
problem , Seed et al., 1962, and Kormonik and David, 1969. This highly plastic soil may create
cracks and damage on the pavements, railways, highway embankments, roadways, building
foundations, channel and reservoir, water lines, sewer lines etc.,Gromko, 1974. Swell response of
expansive soils has been investigated by researchers since the 1950s based on Atterberg limits,
index properties, and other soil tests carried out in the laboratory ,Seed et al., 1962. These studies
were a major success but they have failed to determine the associated engineering properties. This is
mainly because soils with the same atterberg limits and index properties show different engineering
properties. In order to control the volume change in expansive soils, many admixtures are
adequately used in the researches , Kehew,1995. Metakaolin has never been studied its effect on the
expansive soils. Metakaolin is a dehydroxylated form of the clay mineral kaolinite. Rocks that are
rich in kaolinite are known as kaolin, traditionally used in the manufacture of porcelain. The particle
size of metakaolin is smaller than cement particles, but not as fine as silica fume. Metakaolin is a
pozzolanic material and has never been used before as an additive to improve the expansive soil
therefore studying its effect will give us the way to use it as pozzolanic material to reduce the
swelling potential. The standard chemical requirements of ASTM C618-03 include the sum of SiO;
, Al,03 and Fe,O3 content (> 70%) for class F and ( > 50% ) for class C to define the material as
pozzolanic.

2. MECHANISM OF SWELL
Mitchell, 1993 showed that soil swelling happens due to several factors:

1-Capillary Imbibition: The surface tension caused by air in the unsaturated soil and the soil
suction caused water adsorption to the soil system.

2-Osmotic Imbibition: The double layer acts as semi permeable membrane with difference in
the ion's concentration inside and outside of it causing the flow of water and increase in the
soil volume.

3- Hydration of Exchangeable Cations: as described previously the cations attracted to the
negatively charged soil surface causing an increase in the volume of the double layer. Then
these cations will be hydrated causing an increase in the ion's volume and as a result an
increase in the soil volume.

4-Van Der Waals forces: these forces are secondary in-directional forces and less strong than
the hydrogen bonding and they connect the montmorillonite sheets, when adsorption of water
happens a repulsion between these forces will happen leading to an increase in the volume of
soil.

The objectives of this study are

30



Number 12 Volume 21 December - 2015 Journal of Engineering

1- Improve the properties of expansive soil to be used as construction material in the
pavements, railways, highway embankments, roadways, building foundations, channel and
reservoir linings, irrigation systems, water lines, sewer lines etc.

2- Reduce the industrial wastes, this reduction is considered one of the concept used in
contamination control.

3- Use local materials in soil treatment which reduces the costs.

3. EXPERIMENTAL WORKS AND MATERIALS USED

3.1 Materials used

The materials used during the experiments were bentonite, sand, and metakaolin. Table 1. shows the
physical properties of the materials that have been used in the study.

1-Prepared soil: mixture of bentonite (Ca-based bentonite manufactured by Al-Fallujah Cement
Factory is used as the expansive soil) with sand (from Ali Al-Gharbi city south of Baghdad) were
tested till getting the mixture of 85% of bentonite to 15% of sand (B-S) by dry weight depending on
the required plasticity indices.

2- Metakaolin (M) is a pozzolanic material. It’s obtained by calcination of kaolinite clay at
temperatures from 700°C to 800°C as shown in Eq.(1).Kaolin chemical composition is basically
aluminous silicates hydrates associated with Mn, Fe, Ca, K, Na. Its crystal has a lattice structure of
tetrahedral and octahedral layers with interplanar distance of 7.2 ,Cited, et al., 2004.

Al,Si,Os5(0OH,)  _700°C Al,032Si0,.2H,0 1)
Kaolin Metakaolin

The chemical properties of these materials are presented Table 2.

3.2 Physical Tests
3.2.1 Grain size distribution tests

The test was carried according to ,BS 1377: 1975. and the prepared soil is composed of 72% of clay
, 24% of silt ,and 4% of sand.

3.2.2 Specific gravity tests

The specific gravity of specimens was determined in accordance with the (ASTM D-854).

3.2.3 Compaction tests

Compaction tests were conducted using "standard™ compaction test according to (ASTM D-1557).
3.3 Shear Strength Tests

3.3.1 Sample preparation

Remolded specimens were prepared in the laboratory depending on the proctors data at the required
molding water content according to (ASTM D 2850 - 03a) .
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3.3.2 Unconfined compression tests

The specimens were compacted statically for the maximum dry density and optimum moisture
content values then sealed and allowed to cure for one day. The test has been carried according to
(ASTM D-2166).

3.4 The Swelling Test

Three types of swelling tests have been made (free swell test, constant volume test, and
consolidation test). The tests were done according to Head 1984 and ASTM D 4829-03. In these
tests, the oven dried soil passing 2mm sieve was mixed with the required amount of water and were
remolded at the oedometer ring (75 mm in diameter and 19 mm in height) but the sample was
prepared by a height equal to 14 mm to insure that the specimen will be laterally confined , Al-
Omari, et al., 2010. A load of about 7 KPa was applied as seating pressure, left for ten minutes then
an initial reading was recorded. The soil sample was submerged with distilled water for 24 hours
then the final reading was recorded. To measure the swelling pressure, weights will be added in
increments to the soil sample to get the dial gage reading zero again.

4. RESULTS OF TESTS

4.1 Results of Grain Size Distribution

Fig. 1 shows the effect of metakaolin on the grain size analysis of the prepared soil. It can be noticed
that metakaolin affects the prepared soil at the beginning and causes a reduction in the percentages
of clay particles but eventually remains constant and causes a reduction in percentages of sand
between 4% and 12% of M and that is due to the particle size of M which represents a fine material
with diameter size less than 0.00325 mm. Soil M10 gives 31% reduction in the clay content , 42%
increment in the silt content and 300% increment in the sand content, therefore 10% of M gives
the best results for the grain size distribution. Soil M12 gives different behavior which shows 3%
increment in the clay content (an increment more than Soil A) and 25% reduction in the Silt
content, this behavior could be related to the pozzolanic reaction of M which take place during the
process (The standard chemical requirements of ASTM C618-03 include the sum of SiO,, Al,O3
and Fe;O3; content (> 70%) for class F and ( > 50% ) for class C to define the material as
pozzolanic).Table 3 shows the results of the grain size distribution test.

4.2 Results of Specific Gravity Tests

Fig. 2 shows the effect of metakaolin on the specific gravity results. it can be noticed that M causes
a linearly reduction in the specific gravity of mixture. The reduction of specific gravity is because of
lower specific gravity of M. Linear decrease in specific gravity indicate that no mineralogical
alterations have occurred with M alone. At 12% replacement the specific gravity of mixture reduces
to 2.72 ,Kumar, 2012.

4.3 Results of the Compaction Tests

Fig. 3 shows the effect of metakaolin on the compaction results. Metakaolin increases the max dry
unit weight from (13.5 to 13.66) KN/m® and decreases the optimum moisture content from (36 to
34.5) . As water is added to a soil ( at low moisture content) it becomes easier for the particles to
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move past one another during the application of compacting forces. Table 4 shows the results of the
compaction and specific gravity tests results.

4.4 Results of Unconfined Compression Test

Fig. 4 shows effect of M on the unconfined compression strength of the expansive soil. This Figure
illustrate the stress-strain behavior of prepared and treated soil under vertical load. Initially the
stress gradually increases with the increase in strain. After attaining the peak stress, it decreases with
the increase in strain for all the combinations of replacement materials and soil. Approximately all
the specimens show shear failure after the failure of plane of specimens. Fig. 5 shows the effect of
M on the ¢, and Table 5 shows the results of the unconfined compression tests .it can be noticed
that the replacement material M causes a linear increment in ¢, from (160.73 to 315.00) KPa for soil
samples from (M4 to M10). This increment was due to the reactive silica which reacts and produce
cementations material and binds soil particles together to increase strength ,Kumar, 2012. The
reduction in ¢, at M12 to 258.90 KPa may be due to the excess M introduced to the soil and
therefore forming weak bonds between the soil and the cementations compounds formed.

4.2 Results of Swelling Tests

Fig. 6 shows time — percent swell for the prepared soil and soil treated with M. The prepared soil
shows a high rate of swell within the 11 days and then reaches a fix point ,whereas the treated soil
reaches its point with less than that. It is due to the electrical equilibrium when the double layer
arrives to its full required thickness to balance the net negative charges at the faces of clay particles.
The swell percent decreases due to the effect of pozzolanic reaction for the replacement materials
that have been used which take place during the process. Fig. 7 shows the effect of metakaolin on
the swelling pressure, it can be noticed that the metakaolin causes a reduction in the swelling
pressure while the sudden increment in the swelling pressure at M8 and M12 were due to the
reduction in water content from 32.5% at M6 to 30% at M8 and from 35% at M10 to 34.5% at M12
which means more adsorb water and that lead to more swelling potential. Swelling pressure
obtained from free swell tests is higher than that obtained from the constant volume test .That is
because the free swell test allows an increase in volume and that causes random arrangement for the
parallel particles of the soil, in reloading an additional pressure was needed to rearrange the
particles. Fig. 8 shows e- logo, for the prepared soil and Fig. 9 shows e- logo, for soils treated
with M. Fig. 10 shows the effect of metakaolin on the consolidation parameters, one can notice that
M causes a linear reduction in the void ratio which can be related to the reduction in water content
from 36% to 34.5%. the compression index decreased due to the reduction in the clay content from
72% to 50%. Table 6 shows the results of the free swell and constant volume tests. The potential
expansion has been classified according to ASTM- D (4829 — 03) as shown in Table 7. The soils
samples turned from very high expansive to moderate and even very low expansion potential due
to the effect of pozzolanic materials which could be due to the pozzolanic and cation exchange
reactions which occurred between the soil and replacement materials. Eq.(2) shows the calculation
of the expansion index according to ASTM- D (4829-0).

EI=(AH/H)* 1000 (2)
Where:
El: Expansion Index,
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AH = change in height, D2 — D1, mm,
H1 = initial height, mm,

D1 = initial dial reading, mm, and

D2 = final dial reading, mm.

Based on the results of consolidation ,the coefficient of permeability of the soil can be calculated
from Eq. 3:

K =
Cv r.nv 7/W (3)

where:
C, = Coefficient of consolidation,
m, = Coefficient of volume change, and

yw = Unit weight of water.

Fig .11 shows the effect of M on the coefficient of permeability. Fig. 12 shows the effect of M on
the coefficient of ¢ of consolidation. Fig .13 shows the effect of M on the coefficient of volume
change. The calculation of m,, C,, and the coefficient of permeability were at stress equal to 400
Kpa. The coefficient of consolidation and the coefficient of permeability various from one soil to another
for soils samples M4 to M12 in and this variation could be easily related to the variation in the sand content
(increasing in sand content causes an increment in the permeability due to the coarser size of sand) ,for
example at soils samples from M4 to M6 the coefficient of consolidation increased from (3.920 to 8.187)
m?/sec and the coefficient of permeability increased from (0.0087 to 0.0154) m/sec due to the increment in
sand content from (4 to 20)% then the coefficient of consolidation and the coefficient of permeability began
to decrease at M8 due to the reduction in sand content to 4%. And finally the coefficient of consolidation and
the coefficient of permeability began to increase at M10 and then decrease at M12 due to the increment in
sand content for M10 from (4 to 16) % and then the reduction in sand content from (16 to 8)% for M8.
Table 8 shows the results of the consolidation test.

5. CONCLUSIONS

Based on the experimental results of the experimental work, the following conclusions may be
obtained:
1- The grain size distribution shows that the soil turn to more coarser size due to the pozzolanic
reaction between the expansive soil and metakaolin.
2- The specific gravity decreased with the addition of M from 2.78 to 2.72
3- The compaction curves shows that, the addition of M increases the maximum dry density and
decreases the optimum moisture content.
4- From the unconfined compression tests results show that the prepared soil A has (C,=94.76
KPa). The optimum unconfined compressive strength was obtained for 10% of M content.
The cohesion of soil shows an increasing order for first percentages of M and after that this
value decreases at 12% of M to 258.90 KPa but it is still higher than the prepared soil type A.
5- From free swell tests, the following conclusions can be drawn.
a- Soil sample M10 causes a reduction in the free swell about 91%. and after the addition of
R (5, 8 and 11%), the reduction various to about (91%, 89%, 82%) respectively.
b- The results of swelling pressure test using constant volume method show that the addition
of the addition of (10%) M causes a reduction of about (87%).
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c- From the consolidation test results, it can be concluded that the values of compression
index increases and a linear reduction in the void ratio. The coefficient of permeability
increases for all soil samples which is considered acceptable for construction of water
retention and irrigation projects. It is evident from the test results that the soil sample
M10 revealed a better improvement to the consolidation parameters.

6- It is worth mentioning that the best type of replacement from these five soils samples is soil
sample M10 due to maximum reduction in the swelling potential.

REFERENCES
Al-Omari, R. R., Ibrahim, S. F. and Al-Bayati, I. K., 2010 Effect of Potassium Chloride on

Cyclic Behavior of Expansive Clays, International Journal of Geotechnical Engineering, Vol. 4,
No.2, pp. 231-239.

ASTM C 618-03, Standard Specification for Coal Fly Ash and Raw or Calcined Natural
Pozzolan for Use in Concrete, Reprinted from the Annual Book of ASTM Standards.
Copyright ASTM, Vol.4, No.2.

ASTM D 1140-00, Standard Test Methods for Amount of Material in Soils Finer Than the No.
200 Sieve, Reprinted from the Annual Book of ASTM Standards. Copyright ASTM, Vol.4,
No.8.

ASTM D 2166-00, Standard Test Method for Unconfined Compressive Strength of Cohesive
Soil, Reprinted from the Annual Book of ASTM Standards. Copyright ASTM, Vol.4, No.8.
ASTM D 2487-00, Standard Practice for Classification of Soils for Engineering Purposes
(Unified Soil Classification System), Reprinted from the Annual Book of ASTM Standards.
Copyright ASTM, Vol.4, No.8.

ASTM D 422-02, Standard Test Method for Particle-Size Analysis of Soils, Reprinted from the
Annual Book of ASTM Standards. Copyright ASTM, Vol.4, No.8.

ASTM D 4318-00, Standard Test Methods for Liquid Limit, Plastic Limit and Plasticity Index
of Soils, Reprinted from the Annual Book of ASTM Standards. Copyright ASTM, Vol.4, No.8.
ASTM D 4829-03, Standard Test Method for Expansion Index of Soils, Reprinted from the
Annual Book of ASTM Standards. Copyright ASTM, Vol.4, No.8.

35



Number 12 Volume 21 December - 2015 Journal of Engineering

ASTM D 698-12, Standard Test Methods for Laboratory Compaction Characteristics of Soil
Using Standard Effort (600KN-m/m?®), Reprinted from the Annual Book of ASTM Standards.
Copyright ASTM, Vol.4, No.8.

ASTM D 854-00, Standard Test Methods for Specific Gravity of Soil Solids by Water
Pycnometer, Reprinted from the Annual Book of ASTM Standards. Copyright ASTM, Vol.4,
No.8.

Clovis N., Vanderley M. J. , Cleber M. R. D., Holmer S. Jr., and Mario S. T. , 2004, Effect of
Metakaolin on the Performance of Pva and Cellulose Fiber Reinforced Cement.

Gromko, G. J., 1974, Review of Expansive Soils, Journal of the Geotechnical Engineering
Division, ASCE, Vol. 100, No. GT6, pp. 667-687.

Head, K. H., 1984, Manual of Soil Laboratory Testing, Pentech Press, London, Vol. 1.

Kehew, E.A., 1995, Geology for Engineers and Environmental Scientists, 2" ed. Prentice Hall
Englewood Cliffs, New Jersey, pp. 295-302.

Kormonik, A., and David, D., 1969, Prediction of Swelling Pressure of Clays, Journal of Soil
Mechanics and Foundation Division ASCE, Vol. 95 (SM1), pp. 209-225.

Kumar S. M. P. , 2012, Silica and Calcium effect on Geo-Technical Properties of Expansive
soil Extracted from Rice Husk Ash and Lime, International Conference on Environment Science
and Engineering, Singapore , Vol. 32, pp. 119-123.

Mitchell, J. K. 1993, Fundamentals of Soil Behavior, 3 edition, John Wiley and Sons, New
York, USA.

Seed, H. B., Mitchell, J. K., and Chan, C. K., 1962, Studies of Swell and Swell Pressure
Characteristics of Compacted Clays, Highway Research Board, Bulletin No. 313 ,1962, pp. 12-
39.

36



Number 12

Volume 21 December -

2015

Journal of Engineering

Table 1. The physical properties of materials used.

plisgzlri?els Index properties Presp())?lred Bentonite | Sand | M | specification
Liquid limit,L.L(%) 112 150 NP | 39
Atterberg Plastic limit,L.L(%) 45 45 NP 22 ASTM D-
limits Plasticity index,P.1(%) 67 105 NP | 17 4318
% sand (0.06-2)mm 4 0 97.68 | 0
Grain size |2 silt (0.002-0.06)mm 24 5 0 BS 1377-
analysis % clay (<0.002)mm 72 95 2.32 | 100 1975
Specific - 2.78 2.89 2.63 | 257 | ASTM D-
gravity,Gs 854
- Max dry 13.4 12.64 1515 | -
Comtggft'on density, (KN/m?) ASTM D-
Optimum moisture 36 37 125 - 1557
content,%
* CH CH SP - ASTM D-
USES 2487
Table 2. Chemical properties of materials used.
Materials
Bentonite Sand Metakaolin
Chemical properti
Si0, % 51.92 55.55 59.62
Fe,05% 5.45 0.08 1.629
ALOs % 14.23 0.5 26.63
Ca0 % 8.24 11.25 0.74
MgO % 2.86 3.9 0.0034
Naz0 % 0.96 73 -
K,0 % 0.69 ' 0.43
TiO, % 0.8 - 1.875
PH 7.7 7.6 -
Gypsum % 2.64 2.86 -
O.M % 0.7 1.3 -
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Table 3. Results of the grain size distribution tests.

Soil Sample | % Sand | % Silt | %Clay
A 4 24 72
M4 4 26 70
M6 20 14 66
M8 4 36 60
M10 16 34 50
M12 8 18 74

Table 4. Results of the compaction and specific gravity tests.

Soil sample Compaction characteristics Specific gravity
0.M.C % | Max. dry unit weight KN/m>
A 36.00 13.20 2.78
M4 35.00 13.50 2.78
M6 32.50 13.50 2.77
M8 30.00 13.66 2.76
M10 35.00 13.66 2.73
M12 35.00 13.50 2.72

Table 5. Results of the unconfined compression tests.

Soil Sample | Cu(KPa)
A 94.76
M4 160.73
M6 182.10
M8 283.82
M10 315.00
M12 258.90

38



Table 5. The results of the free swell and constant volume tests.

Number 12

Volume 21 December - 2015

Journal of Engineering

Potential
Soil Free Swell Test Constant Volume Test Expansion for
Sample Swelling Constant
Free | Expansion | Swelling Free | Expansion | Pressure, Volume Test
Swell, Index pressure, | Swell, Index KPa
% kpa %

A 83 825 882 46 458 588 very high
M4 34 340 638 29 285 425 very high
M6 23 234 225 20 195 150 very high
M8 26 257 450 21 215 300 very high
M10 7 72 113 6 60 75 medium
M12 22 220 210 18 184 140 very high

Table 6. The classification of a potentially expansive soil (ASTM- D 4829 —03).

Expansion Index, El | Potential Expansion
0-20 Very Low
21-50 Low
51-90 Medium
91-130 High
>130 Very High

Table 7 . Results of Consolidation Tests.

Soil samples | e, Cc Cs Myxo” MYKN | Cy xo® m?/sec | K 10 m/sec

A

1.106 | 0.290 | 0.032 2.030 1.949 0.004
M4

1.059 | 0.269 | 0.026 2.259 3.920 0.009
M6

1.046 | 0.167 | 0.029 1.919 8.187 0.015
M8

1.013 | 0.155 | 0.009 2.852 2.187 0.006
M10

0.999 | 0.116 | 0.019 3.711 19.125 0.070
M12

0.991 | 0.119 | 0.038 1.415 23.173 0.032
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Figure 1. Effect of metakaolin on the grain size distribution.
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Figure 3 .Effect of metakaolin on the compaction test.
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Figure 11. The effect of metakaolin on the coefficient of permeability.
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ABSTRACT

T his research represents a practical attempt applied to calibrate and verify a hydraulic model for
the Blue Nile River. The calibration procedures are performed using the observed data for a
previous period and comparing them with the calibration results while verification requirements
are achieved with the application of the observed data for another future period and comparing
them with the verification results. The study objective covered a relationship of the river terrain
with the distance between the assumed points of the dam failures along the river length. The
computed model values and the observed data should conform to the theoretical analysis and the
overall verification performance of the model by comparing it with another set of data. The
model was calibrated using data from gauging stations (Khartoum, Wad Medani, downstream
Sennar, and downstream Roseires) during the period from the 1st of May to 31 of October 1988
and the verification was done using the data of the same gauging stations for years 2003 and
2010 for the same period. The required available data from these stations were collected,
processed and used in the model calibration. The geometry input files for the HEC-RAS models
were created using a combination of ArcGIS and HEC-GeoRAS. The results revealed high
correlation (R2 > 0.9) between the observed and calibrated water levels in all gauging stations
during 1988 and also high correlation between the observed and verification water levels was
obtained in years 2003 and 2010. Verification results with the equation and degree of correlation
can be used to predict future data of any expected data for the same stations.

Keywords: calibration, verification, Blue Nile, Roseires dam, hydraulic model.
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1. INTRODUCTION

The Calibration of a hydraulic model aims to reflect the field measurements of water bodies
that are to be used in the prediction of the system performance and to evaluate alternative
projects. While the verification is to ensure that the adjustments done during calibration are
appropriate and the calibrated model will give reliable results ,Victore, 1995.
For low flow rates, Manning's roughness coefficient and the associated data are used in model
calibration and validation processes. The achieved calibrated coefficients are then used with the high
flow rates ,Federal Highway Administration, 1984. Friction and turbulent diffusion/dispersion
coefficients are also important parameters in most hydraulic models that affect water surface
elevation calculations, velocity and salinity distribution ,Chao and Guofu, 2000. Ming-Hsi Hsu,
et al., 1999 had used a vertical two-dimensional model on a branched estuarine river system to study
calibration procedures and verification requirements. The barotropic flow simulation model was used
to calibrate and verify the friction coefficient while a salinity distribution model was used to calibrate
the turbulent diffusion and dispersion coefficients. They found a qualitatively agreement of the
computed and measured residual currents with theoretical analysis. Peter, 2009 found that storm water
models application have important considerations in calibration and verification processes. An infinite
number of combinations and permutations of parameters that directly affect the behavior of the model
appeared. Hence the results may be complex and daunting when used to evaluate the effectiveness of
altering parameters.
May, et al., 2000 indicated the validation of the Hydrological Engineering centers River Analysis
System (HEC-RAS). The water surface profile of the model was compared with two study
models of straight uniform reaches with two different flow rates. Crampton, 2007 studied the
dam'’s failure result in potential flood risks which are tougher and can behave differently from the
events of natural floods by using the unsteady HEC-RAS models for dam break analysis. Careful
modifications were required to converse from a steady state flood study model to a dynamic dam
break model with consideration of the differences in flood routing methodologies between the two
model states. Flood inundation maps are created from models which include peak elevation, flood
wave arrival time and flood wave time to the peak for both sunny day and storm in progress failures.
Al-Kazwini, et al., 2009 studied AlHusa’chi River which is one of three main branches of Al Ka’hla
River in Moissan Governorate, Iraq with a length of 25 km. They ran a steady one dimensional
hydraulic model at a location 1.5 km upstream its tail to simulate the flow in the river using the HEC-
RAS software. The field measurements were used in the calibration and verification processes to obtain
the maximum allowable flow rates and water surface elevation in the river. Khassaf and Ameera,
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2015 used HEC-RAS to develop the hydraulic model for Al- Kahlaa river system, south of Iraq using
the observed weekly stage and flow data .The results showed that a good agreement is achieved
between the model predicted and the observed data. The model demonstrated that in the case of high
flow discharges, it is found that cross sections flooded are inadequate for such flows and the flows
remained within the cross section extents during the drought season.

UNESCO-CWR, 2011 performed a field survey to supplement the available data and verify the
accuracy of existing river cross-sections. The United States Corp of Engineers River Analysis
System Model (HEC-RAS) was utilized to develop the hydraulic routing model for the Blue Nile
River to reveal the shape of Roseires dam failure which covered the shape of the failure and its
relationship with the dam height. It also included the capacity of the canal at the end of the dam.
The objective of this study to evaluate the calibration and verification of the unsteady flow
model through available field data for four gauging stations (Khartoum, Wad Medani, D/S
Sennar, D/S Roseires) of Blue Nile River.

2. MATERIAL AND METHODS
2.1 Study Area Description

River Nile consists of three main tributaries, Atbara, White Nile and Blue Nile Rivers. The Blue
Nile River system in this study covers about 76% of the total irrigated agriculture of the three Nile
tributaries. Fig.1 illustrates Blue Nile River system schematically of the study area ,Ministry of
Irrigation and Water Resources Sudan’s, MOIWRS, 2014. Blue Nile River has a major
characteristic of a remarkable seasonality flow. More than 80% of the Blue Nile River flow is during
the period from June to October, which is the flood period .Two Dams were built across the Blue Nile
River, Sennar in 1925 and Roseires in 1966 ,Ministry Of Irrigation Sudan, 1968. The two dams
control the flow, that irrigate about 1.134 million hectares of the Sudan agriculture area, as well as
supplying more than 40% of the total hydropower generation in Sudan. The Roseires dam, which spans
the Blue Nile River, is at 630 km upstream of Khartoum, it is 2000 m long and 68 m high concrete dam
with the crest at 482.2 m amsl (above mean sea level). The dam was completed in 1966 with an initial
capacity of 3.024 km® at level 480 m amsl to be used for irrigation water as the first priority, and
hydropower generation as the second priority. The dam contains five deep sluices and a gated spillway,
consisting of seven units, with a maximum discharge capacity of 16500 m*s at 480 m amsl. The hydro-
electrical generation power approaches 212 MW. Sennar Dam is the second dam on the Blue Nile
River near Sennar Town, as shown in Fig. 2. It was built by the British engineer, (desert explorer and
adventurer), Stephen "Roy" Sherlock, under the direction of Weed man Pearson. The dam is 3025
meters long, with a maximum height of 40 meters. It provides water for crop irrigation in the Gezira
scheme. ,UNESCO-CWR, 2011 and ENTRO 2013.

2.2 Requirements and Data Collection

Analysis of the system requires upper boundary conditions that specifies the inflow to the
system which is considered as lateral inflow hydrograph. Eddiem gauging station, 170 km
upstream Roseires dam observes the flow which is used as the upper boundary condition. The
downstream boundary condition at Khartoum was taken as the downstream end of the study area
which was considered the normal depth. The effects of Rahad and Dindir Rivers, the tributaries
of the Blue Nile River were accounted as lateral inflows at their respective confluences with the
Blue Nile River. In addition nine internal boundary conditions were observed stages, flow
hydrographs at upstream, flow hydrographs at downstream of the two reservoirs, Roseires
village, Wad Alaies village in the Roseires-Sennar reach, Wad Medani, Kamlin, and Soba in
Sennar-Khartoum reach. Fig. 3 shows location and type of each flow gauging station for
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modeling purpose. The required available data for each of these stations were collected by the
Ministry of water resources and electricity. These data were processed and used in the model
calibration, Dam Implementation Unit, 2012, Sudan.

3. HEC-RAS MODEL APPLICATION METHOD

The geometry input files for the HEC-RAS models were created using a combination of
ArcGIS and HEC-GeoRAS. The Blue Nile River centerline, bank lines, flow paths, and cross
sections were digitized in HEC-GeoRAS. The Blue Nile River centerline was digitized to
similitude the proposed field channel centerline as indicated by the field survey. This was
necessarily supplemented by reference to satellite images. The bank lines represented the point
where the river was considered as a flood plain and the Blue Nile River was accessing its flood
plain for active flow. In addition, these lines determine the change in Manning’s roughness
coefficients (n) in the hydraulic model and the possibility to be adjusted in the model ,Federal
Highway Administration, 1984,. The channel bank lines were also digitized using the field
survey as a reference. Three flow path lines were setup in HEC-GeoRAS to represent the
direction of flow within the channel centerline and banks in the left and right flood plains. These
lines also determine the cross sections limits of the stations together with the right and left
overbank flow between these cross sections. Finally, the cross sections were oriented
perpendicular to the flow and located to represent areas in the reach where physical changes
occur ,HEC-RAS, 2005 and USGS, 2004.
The steps followed in configuring the HEC-RAS Model for the Blue Nile River could be
summarized as follows ,HEC-RAS, 2005.
Step 1: Validate geometric data and time series to be used in the model

a- Pre-process time series data using HEC-DSS (Data Storage System) to check for missing
data, unit conversion and create an input time series file in DSS format.

b- Pre-process geometric data with the aid of ARC-GIS and Excel, to establish Left Over
Bank (LOB), Right Over Bank (ROB) locations for each section, and decide on in-
effective areas to be included as part of each section. This also includes decision on
roughness coefficients, contraction and expansion coefficients. The purpose of this is to
examine the coverage of the field surveyed cross-section and establish the need for
modeling meandering effect and bend for certain reaches in the HEC-RAS model.

Step 2: Configure the River basin schematically and input geometric data for the Blue Nile
River:

a- Using the geometric data editor in HEC-RAS establish the connectivity and draw the
schematic river basin for the Blue Nile River.

b- Enter the reach length for the LOB, ROB for the channel.

c- Enter Station - Elevation data for each cross section.

d- Establish the frictional loss coefficient, expansion and contraction loss coefficient for
each cross-section.

Step 3: Determine the initial condition for the model by running HEC-RAS under steady state
version.
Step 4: Establish upstream and downstream boundary conditions. The upstream boundary
condition is chosen as the daily time series discharge hydrograph at Eddiem station and the
downstream boundary condition is taken as the rating curve for Khartoum Station.
Step 5: Perform Unsteady State Simulation.

a- Decide on the time step used for the simulation (1 hr)

b- Decide on the time step used in producing the output results (1 Day).
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4. RESULTS AND DISCUSSION

Hydraulic models are used to estimate hydraulic characteristics of the flow in the rivers and
channels that would result from passing the discharge through them. Running a steady state
model may take seconds, while unsteady flow simulations can take many hours. The results of a
model are validated by calibrating one or more known events. Observed points can be entered
into the model as inputs for direct comparison with prototype results. The scaled model output
should match the prototype output observed points. To arrive at a fully calibrated model the
input that has the most uncertainty must be adjusted. Once the digitization process is complete,
the HEC-GeoRAS data are imported into HEC-RAS. The transition between the pre-processor
and the hydraulic model should be smoothened. The results identical to that created in the pre-
processor were visualized in the model presentation, as shown in Fig. 4.

One of the main challenges of hydraulic modeling in areas with broad flood plains adjacent to
rivers are to represent accurately the conveyance of water and the extent of inundation through
hydraulic connections with the river channel. In many cases, there is a direct and continuous
connection between the river and the flood plains. In other cases, there is an interruption in the
water surface. For the flow to access a floodplain area beyond a high point in the topography, it
must be accessible to the main channel or another area of the floodplain from either an upstream
or a downstream cross section. This can best be determined through an iterative process of
simulating the flow, generating an inundation map, and then adjusting hydraulic constraints in
the model to limit or extend flow to areas that can be observed as hydraulically connected. Fig. 5
and Fig. 6, show the relationship between cross sections and inundated areas for connected and
disconnected flow areas. They also demonstrate how inundation mapping can provide guidance
on placement of hydraulic model constraints. The hydraulic model builders use judgment to
define three conditions. The first case is when the levees flow does not enter the flood plain until
it exceeds the height of the levee. The second case is when the flow is not simulated. The third
case when there are ineffective flow areas that may be inundated but do not contribute to
conveyance in the river system ,HEC-RAS, 2005 and HEC, 1995.

The model was calibrated using data of each stations (Khartoum, Wad Medani, downstream D/S
Sennar, D/S Roseires) during the period from the 1% of May to 31* of October1988.The results
of the model are shown in a comparative manner in Figs. 7a to 10 b. The results revealed high
correlation (R2 > 0.9) between the observed and calibrated water levels in all gauging stations.
The verification was done using the data of the same gauging stations in years 2003 and 2010 for
the same period. The results of the model are shown in a comparative manner in Figs. 11a to
14b. Also high correlation (R? > 0.9) between the observed and verification water levels was
achieved. Verification model performed by comparing the results derived and observed data to
predict the equation and degree of correlation, also can be used for future prediction. The study
revealed the relationship with the terrain of the river and the distance between the gauging
stations of the dam failure on the rivers length. Also it was clearly observed in the downstream
direction where terrain became higher there was no effect on both bank sides.

6. CONCLUSION

The HEC-RAS models were used to evaluate the calibration and verification of the unsteady
flow model through available field data for four gauging stations (Khartoum, Wad Medani, D/S
Sennar, D/S Roseires) of Blue Nile River. The results of the model showed:
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1. The study revealed the relationship with the terrain of the river and the distance between
the gauging stations of the dam failure on the rivers length. Also it was clearly observed
in the downstream direction where terrain became higher there was no effect on both
bank sides.

2. High correlation (R?> > 0.9) between the observed and calibrated water levels in all
gauging stations during 1988.

3. High correlation (R* > 0.9) between the observed and verification water levels for years
2003 and 2010.

4. Verification results with the equation and degree of correlation can be used to predict
future data for same stations.

ACKNOWLEDGMENT
The authors would like to express their deep appreciation and gratitude to Sudan and Egyptian
Irrigation Centers for the distinguished efforts and for applying the required data for the

models.

REFERENCES:

>

Al-Kazwini, Muhannad J., Al Saady, Ali S. and Numa, Ala'a H., 2009, Developing
the Discharge Capacity of Al Husa'chi River, Eng. & Tech. Journal ,Vol. 27 , No. 2.

Chao Wu and Guofu Huang, 2000, Theoretical Solution of Dam-Break Shock Wave,
Journal of Hydraulic Engineering, Vol. 125, No. 11, PP.1210-1215.

Crampton, Sam, 2007, HEC-RAS Dam Break modeling of Gwinnett County’s NRCS
Facilities, Proceeding of the 2007 Georgia Water Resources Conference, held
March 27-29, Athens, University Of Georgia.

Dam Implementation Unit, 2012, Sudan.
Eastern Nile Technical Regional office (ENTRO) 2013.

Federal Highway Administration, 1984, Guide for Selecting Manning's Roughness
Coefficients for Natural Channels and Flood Plains, Report No. FHWA-TS-84-204,
McLean, Virginia.

HEC (Hydrologic Engineering Center, RD-42), 1995, Flow Transient in Bridge
Back water Analysis, U.S. Army Croup of Engineers, Davis, California.

HEC-RAS River Analysis System, 2005, Hydraulic Reference Manual, Version
4.1.0, U.S. Army Corps of Engineers Hydrologic Engineering Center, Dauvis,
California.

Khassaf , Saleh I. and Ameera Mohamad Awad, 2015, Mathematical Modeling of
Unsteady Flow for AL- Kahlaa Regulator River, IOSR Journal of Engineering, Vol.
05, Issue 02, ||[V2|| PP 09-20.

51



>

Number 12 Volume 21 December - 2015 Journal of Engineering

May, D.R., Lopez, A., Brown, L., 2000, Validation of the Hydraulic—open channel
Flow Model HEC-RAS with observed data.

Ming-Hsi Hsu, Albert Y. Kuo, Jan-Tai Kuo, and Wen-Cheng Liu, 1999, Procedure
to Calibrate and Verify Numerical Models of Estuarine Hydrodynamics, Journal of
Hydraulic Engineering, Vol. 125, No. 2, pp. 166-182.

Ministry Of Irrigation Sudan, 1968, Manual of irrigation in Sudan.

Peter, J. Singhofen, 2009, Multiple Ponds in Close Proximity Using ICPR,
Modeling Percolation from Multiple Ponds in Close Proximity Using ICPR"
Proceed at the 25" Annual ASCE Water Resources Seminar in Orlando, Florida
and at an ASCE Suncoast Branch Water Resources Luncheon.

UNESCO-CWR, 2011, Chair in Water Resources Omdurman Islamic University,
Sudan.

USGS (United State Geological Survey), 2004, Shuttle Radar Topography Mission
(SRTM), Internet Web Site, http://edcsns17.cr.usgs.gov/srtmbil/ 8/9/2007.

Victore, E., 1995, Assessing The Threat To Life From Dam Failure, Water
Resources Bulletin,

52


http://edcsns17.cr.usgs.gov/srtmbil/

Number 12 Volume 21 December - 2015 Journal of Engineering

Omdurman Abu Dulayq
Ul.o)) pl
ogaallo ?o
Khartoum
¢
Hycf,aa
Wad Madani
o9

\ o o
Um hegelega_ Al Manaqil
S 2

alaa s Lol
\ SN SENNAR
= “5" DAM
Rabak L
Tendelti \:"1:;') Sinjah
»JNCJ'M 3
[,,
Rl Ad-Damazin
o ROSEIRES DAM_,.;\s)!
&RESERVOIR

Figure 1. Blue Nile River system schematic in the study area.
Dongola
Al Goled '-'a{,-f

Al Dabbah
o

SUDAN

@ Khartoum (KRT) hadas

Shendi
o

Kassala
o

Kharto
! ‘ Wad Madani

@ ]

Sennar [ g Al Qadarif
E10beid  ymm 'o “Sinjon
Ruwaba ) ¢

shud A Kosh S

Dindér

sl 4 L

Figure 2. Location of the Sennar dam within Blue Nile River.

53



Number 12 Volume 21 December - 2015 Journal of Engineering

oUE WoUE HgUE BOUE
1 1
o . ! - — 1N
Khartoum
Soba
Kamiin
Pr— - 1 ; g gon
Wad Medani
e woeN

/S Sennar D@ uss SennarDam

vad E| Ales

130T 3TN

1200 N=] - fazoon
Rosires

U/S Roseires Dam

Vs Roseires Da

| 2o0E arouE wovE *o0E

Figure 3. Location and type of each flow gauging station for modeling purpose.
Structures (Internal Boundaries

o Lateral Inflow Hydrograph Points

® Internal Observation Points

® Normal Boundary Condition Point

54



Number 12 Volume 21 December - 2015 Journal of Engineering

Grometric Data - Blue Nile - Levees
ot e Jables Jook IS Took el
o | | S RS - Descrpton : |

¥

Kot

1

=
<
axz

R

Tor
T4
'h’sm
1092

Figure 4. lllustration of HEC-RAS model development.

Geometric Data - TwoRatingCurves

File Edit VYiew Tables Tools GISTools Help
Storage | S.A. | Pump
Area

RS Description :
Conn. | St escript
| G g 2| | W !

Junct. N
® —
Cross

Section i
BN

lBrdlg/Culy

Jools [ Fiver
Editors’ ey

Inline
Structure

Lateral
Structure!

stor:
bz

Storage
le=

Pump
Station

Flle  Optians  Help
River. [Blue Nile = i) I B _Reload Data |
H\:IEdﬂuim-Kuknum ~| River Sta;: [1353264 ~] 8| x|
2
04 'I I‘ 04 -l
405 9 [Legena )
400 WS 100 yr
Gru.und
395 Bank Sta
E
= 30
£
5
& 385
i
380
375
370
2000 4000 5000 8000 10000 12000 14000 16000
Station (m) <

Figure 5. Example of hydraulic connected area.

55



Number 12

Volume 21 December -

2015

Journal of Engineering

Geometric Data - TwoRatingCurves

File Edit View

Tables Tools GIS Tools Help

Tools [ River

Editors\_ |_Re3%h |
=

Jwet | N
®
Socn
ecton
'L\_‘,-.’

Brdg/Culu

Inline
Structure

Lateral
Structure.
1
Stor:

&

Storage
firea Conn.

L= i

Pump.

Station
(G

Storage | S.A.
frea | Conn. | Station
O [y

Pump | [ Rg Disscription:
- iption :
O | <7299

[ Protwe

F

>

513760.58, 1674878.44

File Options Help
A
River: [Elue ik Arle] | Fieload Data
Reach [EddeimK.artoum | Riversta: 1023002 | =M
=
04 A I” .04 "I
400 Legend
s 100 yr
3951 Ground
Levee
o
3904 Bank Sta
E
s
2 351
3
i
380
375
370
a 2000 4000 B000 8000 10000 12000 14000 16000 18000
Station {m) 5
Ll ;H

Figure 6. Example of a lack of hydraulic disconnected area.

56



Water level in m {amsl)

Water level in m (amsl)

382

380 +
378 4

376
374
372
370
368

Number 12

| | ——Observed
= . Calibrated ,m\ o
i) R T S
. . T . . . . T . . . . :
o8] @ [sa] @ [s2] @© @© @ [s9] [+u] @® @ 20 @©
g8 8 8 & o & % o o o ® ® © 0
= 2 = = = =1 = o (=) a o B B G
o o (o] = = | > ¥ @ @
> ¥ =2 2 2 Z 2 & £ o o 9 9 0O
Y & o © e IS [ — = @ o © 8
P .~ k4 = N (=) ~ o = o 7 2]
Time (Day)

Figure 7a. HEC-RAS forecast calibration for
Khartoum, 1988.

405
400 Observed t\_{m
= . Calibrated B

395 - =

39() S—t e -

385

380 T T T T T T T T T T T T
[u] [ou] @ © @© 2] [2a] [ u] @ @ [eu] 22 @ [u]
ey o o @ @ 0 o @ @ L) L) o Q @
= 2 == (= (= 5 5 =2 o o -3 B b+ ]
=2 =2 & @ 92 2 2 4 = @ @9 8 9 B8
- ) o) o Q = & e - = o) o © Q
o - &~ - N [=] o~ o - = = ]

Time (Day)

Figure 8a. HEC-RAS forecast calibration for
Wad Medani, 1988.

Simulated water level

Volume 21 December - 2015 Journal of Engineering
381
380
. y = 0.9212x329 723 w
RZ=0.97 e, ® o o
378 W Ra
377 . b
376 2 s
375 A)./
374 T.A'
373
372 ; ; ; ; ; ; ; ;
372 373 374 375 376 377 378 379 380 381
Observed water level
Figure 7b. HEC-RAS calibration-observed flows for
Khartoum, 1988.
402
_ 400 = usmmaTa T g T M
g 398 R? =0.96 o
2 306 3 o®
2 . °
- L)
- o
E 392 . O
w
390 '/
388 . : . : . ;
388 390 392 394 396 398 400 402

Observed water level

Figure 8b. HEC-RAS calibration-observed flows for
Wad Medani, 1988.



Water level in m (amsl)

Water level in m (amsl)

414

412 -
410 -
408

406
404
402
400
398
396

454
452

450 ]
448 |

446
444
442
440
438
436
434

Number 12

Time (Day)

Figure 10a. HEC-RAS forecast calibration for
D/S Roseires, 1988.

Observed /,/'Y?M 2.
.« Calibrated A %Av/ — \
m.«:’\"/ = TN
® ® ® © © ® ® ® ® ©® © © @ ®
D @ = @ D @, i Q «©Q @ €@ €L @ @
2 £ 2 3 3 3 3 3 3 8 8 ¢ 9 9
s ¢ & ¢ & T & B 5§ 3 @ & 2 8
Time (Day)
Figure 9a. HEC-RAS forecast calibration for
D/S Sennar, 1988.
— O bserved A a2\ N .
— - Calibrated il VOV ™ A
YW, i v B
PR 2
@
i =
z
=
@
=
=
. . E
3)% jb‘b 3,% Sb‘b Eb‘b :b‘b R,‘b g,‘b 9’% g,‘b > > g;b g,% w
A A A S 9“"2’ & o L
SRR A B AU SN S A

Volume 21 December -

2015 Journal of Engineering

414
412
= y = 0.977x+9.2127
£ 40 RE=0935
3 408
T 406
& 404 . LY
=
S 402
400 T T T T T
402 404 406 408 410 412 414
Observed water level (m)
Figure 9b. HEC-RAS calibration-observed flows for
D/S Sennar, 1988.
452
450 (3
v=1.0752x-33.425
e Rz=0.95
446
444
442
440 27
438 T T T X T T
438 440 442 444 446 448 450 452

Observed water level

Figure 10b. HEC-RAS calibration-observed flows for
D/S Roseires, 1988.



Verified water level (m)

Number 12

Volume 21 December -

2015 Journal of Engineering

381 381
380 380 =
Ob: ed —— Observed
= 379 {1 o f\WA = 379 1 o VAR NRR
E s — -Verified / v / \ A E s —  Verified N/ J ‘C)\\‘
£ P~/ //\\ £ " , \\
E 377 = \ E a7 7
s 376 N s 376 p o N\ ~L
= / E i N
— 375 5 375 A
= P 3 >~ N
g — et 2 374 "
373 +— = 373 _k” )
372 — : — — — — : 372 — —_— — — — .
S P H OSSP & L P > S R I o o o o o o o N o o o o o o
\&"’* élg\ \Qﬁ ,5°° >\§\ Q>\§ VB& Y'°Q VQQ ‘_OQQS} %QQD ,0(’\ Qé pa @[b{\ \x@{\ @0{'\ 30"\:\ ’y’«\ ’3&,\ »y\ \,OS\ \\9'\ ,omq:\ %q,d\ o"'“\ o(},\ oé'\
b & '19 K RS Q 6\ fi‘ 0"" & & & o & & rﬁ % K q,b‘ 6\,?" q:\,?“ & & & & oS
Time (Day) Time (Day)
Figure 11a. HEC-RAS forecast verification results for Khartoum during 2003 and 2010.
381 381
380 380
379 = 379
y=1.0119x-4.7027 E: = 0.8642 o0 o
i y = 0.8642x+51.238 .
378 B2 =09644 E 378 R*=09478 ° ] : o
377 T B 5
2
376 S 376 -
375 3 5
374 A g 374
372 : : ; ; ; : e ' i : i ' ; '
373 374 375 376 377 378 379 380 373 374 375 376 377 378 379 380 381

Observed water level (m)

Observed water level (m)

Figure 11b. HEC-RAS verification- observed flows results for Khartoum during 2003 and 2010.

59



Water level in m (amsl)

Verified water level {m)

Number 12 Volume 21 December - 2015 Journal of Engineering
400 403
el I =TT J/A fv\.\ 400 —— Observed
4 A A AL A T
S — -Verified JAVAR AN e = —  Verified "’ \f"‘.":-"\c\.ﬁ\
397 NN 7\ g 397 ey
396 A s I
N <17\ = — Ya 4N
395 \ A% v s
v \) £ Py A
394 P \ s 391 [~ N
392 r —/I\VI £ 388
391 :‘”}-‘h—:"vﬂ\!‘jlf\"/ 2 pr
390
389 T T T : r : : T . . . . . 382 T T T T T T T T T T T T T
'Q'b 9'5 ’Q'b D’b 9'5 p'b 'Q’b Q'b 9") 9’5 9'5 9'5 9’5 9‘5 :S :\Q '\Q '\Q :\Q (\0 \0 :\Q '\Q N ',\0 ,'\Q :\Q :\6
\‘@‘\ \‘\,,;\ ég\ & F N N e Y},Q KL K Qqﬁ \‘@3 \@‘\ N Q,s\* vb& ’9‘9 S %},,Q’ F_,e? o & &
& N S S SN S AN A SN S R R S S AN .
Time (Day) Time (Day)
Figure 12a. HEC-RAS forecast verification results for Wad Medani during 2003 and 2010.
400 402
399
198 400
397 v = 0.805x+76.61 £ 0 . + 1 PR
R2 =0.9441 i y=0.8309x+67.087 e
396 = R= 20.9505 %
k] 396 > '
395 5 ..:/,,A'/
394 — 3 od
393 5% 3 >
> oo
392 edd -
391 ".4, 390
390 T T T T T 388
388 30 294 =84 A% a0 A0 388 390 392 394 396 398 400 402
Observed water level (m) 5 Observed water level (m)

Figure 12b. HEC-RAS verification-observed flows results for Wad Medani during 2003 and 2010.

60



Water level in m (amsl)

Verified water level (m)

Number 12

414

412

410

Observed

— eVerified

408

412

5 G D & 5 %] S o]
o Q
N vy? o ef %Q,qp & & &
> PO AR A I
Time (Day)

Volume 21 December -

Water level in m (amsl)

2015 Journal of Engineering

Figure 13a. HEC-RAS forecast verification results for D/S Sennar during 2003 and 2010.

411

410

v =0.8991x+40.219

R 2=0.9226

409
408

407

406
405

404 +
403

402

402

404

406

408 410 412

Observed water level (m)

414

416
— Observed
413 1+ O
— Verified A M
410 Aav \
407 1 A'A‘:\‘;h//d | =
Yy
404 3
ﬁ
401 \!
398 . ; . ; : ; . . . . . . .
o {\Q {'9 Q;\Q (\;\Q NN q\Q Q;\Q N Q,\° (};@ <‘>'\Q 6\’&
> > @ 8 S W » o o ) e o o)
> N - 2 =) =) o b g
A ST QT T T ¢ e
Time (Day)
416
414
L]
Z i -
E i v = 1.1035x41.951 %
T 410 R?=09332 o
)
3 408
©
3
= 406
B
g 404
402
400
398 ; . . . .
402 404 406 408 410 412 414

Observed water level (m)

Figure 13b. HEC-RAS verification-observed flows results for D/S Sennar during 2003 and 2010.



Verified water level (m)

452

Number 12

Volume 21 December -

2015

Journal of Engineering

453
ﬂ
450 1 450 || ——Observed / 24
= —Obs.erved M‘\ = — Verified W
£ wg | = -Veriied I'\\VI\ A . £ wr J
: VA R WA E praviis W
s w A | £ a ~ KAY (vi
= A 7N = m
5 e Jw' v% 5 441 1aAq
@ ‘ ® N
a2 o M, = 43
v
440 —_— — 435 — — :
(SRR N TR R SN N B B B S SIS T S R SIS S SIS S G
I I SIC O I N %e,qp & P K F Y Y SE Y
Q\’ \<°’ ']‘}” \'L A P 6\’ "],\’ - \‘b‘ Qq’ .\b “.:Q Q\’ .(')' f@. \'V - \g ,]/b‘ Q ']:\l Qb" ’3’, q'l' \Q) 'bQ
Time (Day) Time (Day)
Figure 14a. HEC-RAS forecast verification results for D/S Roseires during 2003 and 2010.
452 454
° 452
450 ., ~ . o
E 450 Lt
448 y=09246x+33 215 =
R? = 0.9483 & s °
P y = 1.0695x-26 752 /‘/."
446 T e RE = 0.9587 = #C
444 £
>
442
442
440
440 T T T T T 438
440 442 444 446 448 450 452 i s i e R it o

Observed water level (m)

Observed water level (m)

Figure 14b. HEC-RAS verification-observed flows results for D/S Roseires during 2003 and 2010.

62



Number 12 Volume 21 December - 2015 Journal of Engineering

The Role of Transition of Workforce between Companies in Transferring

Technology
Asst. Prof. Dr. Sedki Esmaeel Rezouki Lect. Dr. Ibrahim Fadhil Muhsin
Department of Civil Engineering College of Department of Engineering Affairs
Engineering- University of Baghdad University of Baghdad
Email: sedki_razgi@yahoo.com Email: ebraheemfad363@yahoo.com
ABSTRACT

The transition of professionals between different sectors is considered as one of sources of
acquisition of technology and will lead to add the practical experience to them. This experience
depending on different factors like: the scientific degree and practical experience by the
professionals, the technology possessed by the transferor sector, the duration that spent by
experienced in transferor sector, the type of work performed by professional....etc.

The research aims to verify the affect of these factors in technology transfer process.

Research reached that the technology transfer process which is depending on the Iragi competencies
in work is unsatisfied level between Iragi organizations because there are different obstacles behind
this. Research diagnosed such obstacles as well as the procedures that followed-up by professionals
to serve this process.

Key words: technology transfer, foreign company, public sector, private sector.
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1. INTRODUCTION

The scientific and technical communication became today a justified subject, so Iragi companies
have to work on investigating and exploring the continued progress of this important industry in
economics.

Workforces have role in technology transfer and could be achieved into two main factors by training
the workforces either in the workplace or outside it, as well as encouraging the movement of
professionals between different sectors, and this improves the exchange of experiences between
workforces that need it. This paper focuses on the second factor in transition of professionals.

2. DEFINITION OF TECHNOLOGY TRANSFER

Analyzing technology transfer is difficult, in part because of numerous conceptual and measurement
problems in defining technology, understanding the many concurrent processes in its transfer, and
conceptualizing and measuring the impacts of technology transfer, Rubenstein and Heisey,2005.
Before understanding the term of (Technology Transfer), it is necessary to identify separately each
of Technology and Technology Transfer.

2.1 Definition of Technology

Technology is defined as: 1. the science or study of the practical industrial arts; 2. the terms used in
a science, technical terminology; 3. applied science, Bozeman,2000.

Technology "can be broadly defined as the process of acquisition, adaptation, integration and use of
technological knowledge by a nation other than the one that develops the technology and has
different political, economic, social, and cultural contexts, Salem,2011.

Technology is indeed an interdisciplinary area covering the broader (comprehensive) conceptual
framework of scientific, managerial and engineering aspects of knowledge. Therefore, technology
can be defined as a study of how humans use the environment to meet their needs, Tesfayohannes
and Temtime, 2002.

2.2 Definition of Technology Transfer

Technology transfer can be defined in different approaches based on adaptability and utilization for
specific purposes.

Technology transfer should be seen in terms of achieving three main objectives: first, introduction of
a new technology by investing in new products, improvement of existing techniques and generation
of a new knowledge Vutsova and Ignatova,2013.

Through technology transfer, ideas and skills could be shared between countries, thus increasing the
stock of ideas in the receiving country and reducing the idea gap, Murshid,2014.

Or the concept of technology transfer is defined as the process through which technological know-
how is adopted by the user through practices that improves and enhances the performance or
delivery requirements of an enterprise or an individual, Ashekele and Matengu, 2008.

3. METHODS OF TECHNOLOGY TRANSFER

Below are three approaches for selecting a knowledge transfer method.

Select a knowledge transfer method by user needs - can be used when an individual, team, or
organization has specific needs in mind.
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Select a knowledge transfer method by context and types of knowledge—can be used when an
individual, team, or organization has a specific type of knowledge to be transferred.

Select a knowledge transfer method by level of experience - can be used when the potential
receiver of the knowledge has a specific level of experience, Piktialis and Greenes ,2008.

3.1 Element of Technology Transfer

Three elements of technology transfer: hardware, know-how and know-why, Memo,2000.

The three types of flows identified in the above definition are in the literature on technology transfer
usually termed:

(1) Hardware: equipment, machinery, capital goods, product design etc.

(2) Know-how: Competence and skills to absorb and adapt techniques to local circumstances, to
fulfill intended tasks.

(3) Know-why: Ability to generate and manage technological change.

3.2 Role of Human in Technology Transfer

The empirical studies show “that more highly-educated individuals tend to adopt innovations earlier
and implement and adapt them sooner than less-educated individuals”. This applies both to the
consumption of new technologies. More educated and skilled workers are argued to have greater
‘functional flexibility’ in that their greater stock of knowledge increases the rate at which they learn
and develop higher order problem solving skills, Toner,2011.

Technology and knowledge may also be transferred through the movement of people —employees,
Wahab et al.,2012.

Human capital is an essential element of the technology transfer process, IFPMA, 2011. The
successful absorption of technology or know-how in the recipient country and its translation into
greater economic development hinges on the availability in the host country of an educated
workforce with, for example, engineering and management skills.

People are the key to successful technology transfer, Willis and Ashworth,2002: as people and not
papers transfer technology. This implies that the people in the transfer process have to be:

> informed about the process

> consulted about their needs, concerns, perceptions, attitudes and expectations

> trained/mentored to understand and utilize the technology to its fullest extent.

3.2.1 How skill and knowledge are being transferred

The collaborations with foreign firms had a positive impact on the efficiency and productivity of
employees, Murshid,2014. There are different ways for achieving knowledge for instance:

= Labor turnovers: Labor turnover occurs when workers trained by foreign firms or managers
transfer their knowledge to other firms when switching employers.

= L abor spin-offs: Labor spin-offs happen when an employee of a foreign firm starts up a new firm
based on the know-how gained from previous experience, Murshid,2014.
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3.2.2 How to improve the employees’ skills

The benefits of training and education not only accrue to the individuals receiving the training, but
also to the firms that employ the workers and the economies in which the workers are employed,
Rounds,2013.

« Firms that implement employee training programs increase their labor productivity and can
eliminate productivity gaps with competitors.

+ Countries that provide quality education and job-training programs that improve the skills of their
workforce tend to have more economic growth and higher levels of economic development than
those that do not.

Developing countries, Ogunade,2011 have over time, adopted myriad strategies to train and
develop their workforces to meet global economic challenges and rise out of the cycles of low skills
and poverty.

Over the last decade, companies have changed how they tap into the extended workforce. Initially,
they did so as a tactical response to an immediate need. But then they began making this workforce
a key component of corporate strategy. This shift has enabled organizations to achieve two of the
most sought-after competitive capabilities: agility in the face of a highly turbulent business
environment and access to high-performing, highly skilled talent, Silverstone et al., 2015.

The outcomes of employee’s ability and motivation, Omar et al., 2011 would influence the
measurement on the absorptive capacity of TT in the form of knowledge, skills and tools into
organizations via construction projects. Knowledge, skills and tools could be transferred and shared
among employees and extensive intra organizational communication is likely to contribute to
employees’ motivation.

4. TACIT AND EXPLICIT KNOWLEDGE

As mentioned in technology transfer definition previously for transferring the ideas, skills and
information, so there is a connection and a strong relationship between the technology and achieved
knowledge. It is necessary to distinguish the types of acquired technology depending on kinds of
knowledge; there are two major types of technologies: Tacit Knowledge and Explicit Knowledge
Tacit Knowledge: in a practical direction, segmenting it into two dimensions, technical and
cognitive. Technical dimensions encompass craft and skills captured in concrete ‘know-how’
exemplified by the master craftsman who is often unable to articulate what he or she knows.
‘Knowhow’ cannot always be codified since it often has important tacit dimensions, Kakabadse et
al., 2001.

Tacit knowledge refers to the undocumented and unarticulated (but nevertheless important)
knowledge held by practitioners. It is also known as “inarticulate intelligence,” “collective wisdom,”
or “elusive knowledge.” The phrase “tacit knowledge” an influential of epistemology, but in recent
years it has been used by management theorists as a key piece in the process of knowledge
management. Tacit knowledge is contrasted with explicit knowledge, which is expressed knowledge
that is communicated to others. When explicit knowledge is documented, it becomes “codified.”
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Codified knowledge is usually quite structured and appears in written reports, databases, and other
media, Stover-2004.

On another word the major difference between them defines as follows, Smith-2001: Tacit
knowledge is technical or cognitive and is made up of mental models, values, beliefs, perceptions,
insights and assumptions. Technical tacit knowledge is demonstrated when people master a specific
body of knowledge or use skills like those gradually developed by master craftsmen.

Most explicit knowledge is technical or academic data or information that is described in formal
language, like manuals, mathematical expressions, copyright and patents. This >’knows-what,”” or
systematic knowledge is readily communicated and shared through print, electronic methods and
other formal means.

5. DATA COLLECTION

According to hypothesis of this paper of the important role of the human capital for transferring
technology, so this paper has guessed the greatest role will be done by human capital in this process.
The questionnaire was prepared for different purposes including the role of human capital in case of
professionals’ transition between different sectors and the importance level of this transition for
transferring technology.

5.1 Size and Nature of Specimen:_The specimen has different jobs, specializations, scientific
degrees, practical experiences as well as they are working in different sectors either public or private
sectors. Table 1 describes these characteristics. This variety in this specimen will provide a good
chance for verifying their responses in this matter as follows:

1- The scientific degree possessed by respondent has the greatest level for enable to evaluating the
types and importance of technology or for the best utilizing it.

2- The practical experiences possessed by respondent; this experience can evaluate the advanced
technology for executing the project.

3- The Nature of job occupied by respondent, this reflect the complexity of technology needed and
seeking for utilizing the adequate technology.

4- The ready to accept or to be familiar with on technology and willing to transfer it to other

Table 1 shows the different of specializations for respondents as well as the different occupied
sectors either public or private.

In additional to classification mentioned above, research has used the other categories depending on
Engineering Ranks and Functional Ranks: their practical experiences or the practical title regarding
to numbers of years in their job. In other hand the other category is used according on the
classification of Iragi Engineers Union, this classification was used for two reasons the first; it
should be depended on years of achieved the specialty, second; the research assumes this party has
to take its role for improving the professionals technical skills and knowledge. Fig. 1 describes the
last two classifications. The functional description has (7) seven degrees: An expert, Senior of Chief
of Engineers, Chief of Engineers, Assistant Chief of Engineers, Senior Engineer, Engineer and
Assistant Engineer.
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5.2 Transition of Professionals: Fig.2 shows the transition (movement) of professionals from
public to private sector or vice versa or such movement did not happen. the ways to get the
technology either by importing technology, and then developing the imported technology, or
through accessing technology and self-development by relying on existing technical experts and
scientific talent who have long experience. The process of technology transfer happens during a
transition or exchanging between institutions, by equipments and plants, or the exchanging in skills
and knowledge between the professionals.

The Human Resources Management in each ministry or in their organizations (establishments) has
to study this transition in consideration to achieve the technology skills.

However, there is 50% proportion of transition of professionals that have no changed their sectors;
this rate refers to respondents who still in their job in both public and private, but they got the
foreign skill from contracts which signed between their organizations and foreign companies
previously or recently.

This gives a rate of a transition case of employees for this specimen in leaving the public sector and
settling down at private sector or vice versa.

5.3 Agreement in Variance of the Level of Technology: This section of questionnaire asked
respondents for their opinion about differences between the sectors in technology. Technology
includes and will always refer to the Mechanization, Scientific and administration in this research.
The answers ranging from ‘1 = strongly disagree’ to ‘5 = strongly agree’. Fig.3 displays those
answers, and will lead to verifying the reasons for the difference in technology between sectors and
how to raise the level of the sector and access to technology of (mechanization, scientific and
administration).

Fig. 3'displays the mode of these readings turns to (Strongly Agree) with readings 31 by range 5,
and it is the upper among them.

The statistical calculations (Mean and Standard Division) explain in Table 2, the table shows these
statistics descriptive.

5.4 What Sector is Technically Better than Other?: Research provided 4 (four) choices; Fig. 4
shows those opinions as percentage. Analysis will be discussed.

Research performed the statistic analysis between this Answers group and the answers group of
(Transition of Professionals between Public and Private Sectors) as displaying in Table 3.

The result refers to the low forward correlation, between the Private and Public Sectors (raw 1 and
raw 3), but in the same time the correlation value refers to high forward correlation between the
Private and Public Sectors which have the contracts with foreign companies; it means to support
them to contracting with foreign companies.

Discussing these answers is as follows:

I. The private sector is seeking for profitability before everything else, and  therefore, all
employees must have the professional expertise, prior work in this sector, as well as the incentives
offered by sector, so employees who are familiar with modern techniques are performed.
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ii. The public sector is subject to the acceptance of new graduates (mostly) and even if they were not
experienced enough. Thus, this sector is the source of scientific and practical experiences and will
be a loser for the departure of professionals to another sector.
iii.The contracts of private sector are (mostly) for small projects or just for parts of projects or for
some activities. The quality could be more controlled; thus this may use a new and the best
technology.
1v.The public sector is already subjected to the administrative laws; most of that legislation does not
currently target knowing new technology; the major target is to complete the project with available
facilities.

v. For all mentioned in the preceding paragraphs, the questionnaire result showed that the private
sector is technically better than the public sector, both with the partnership with foreign companies
or without; this is the opinion of the staff working in the government sector.
vi.The field discussions have stated the need of public sector involvement with foreign companies
to get modern technology; this partnership will improve the technical skills of professionals.

vii.The previous contracts in the eighties of the last century adopted by the public sector with large
foreign firms yielded good results for both the public and private sectors in Irag. In that time, there
was a significant role for transferring technology.

5.5 Working Previously / Recently with Foreign Company and Related to Construction Sector
(Tasks): This question has two parts (working with foreign company and related this job to the
construction sector) as follows in Table 4.

Although there are some of readings show absences of relationship between the work with foreign
company and construction sector, they identified the need to modern technology, however; more
than half of the respondents worked in the construction sector and this is a chance for transferring
technology.

5.6 The level of Technology Utilized by the Foreign Company: This question was answered as
expected with between very high level of technology and high, but some answers were provided as
medium because the respondents see that technology presented by foreign companies was limited
with scientific procedures or administrative systems and conformed with Irag environment, so there
is no high technology. Fig. 5 shows the various responses for this question.

Although the largest rate (42 professionals) of respondents answers have unanimously agreed that
the technology level was high, but there is a group of (15) professionals that referred to technology
level with very high. This refers that more of the half of specimen confirm to the technical gab or
need to bridge this gab. Table 5 illustrates the statistics information for the technology level utilized
by foreign companies. It is clear the (Mode) reading refers to results of (very high and high)
respectively as well as the other readings (Std. Deviation and Variance).
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5.7 Sorting and Arranging the Best Technical (Techniques, Procedures and Systems)

This question gives credence to the previous one, or complements it. There are four choices as
follows:

a- The technology with modern mechanization and methods for use;

b- The scientific skills possessed by work team;

c- systematic Administration and managing the work according to authorities and responsibilities;
d- Following up the codes and standards.

The obtained results displaying in Fig. 6 The largest rate was for the choice administrative system
and work management in the division of responsibilities and authorities. This response came from
groups who worked in years ago because no technical machines were used by foreign companies.
Fig. 6 shows also the proportion for each selection of the best technologies according to the
professionals' assessment.

5.8Technology of Foreign Companies is Outweighing the Technology of Companies in Public
Sector: This is a comparison on technology level between the foreign companies and companies in
public sector; and the same comparison in the next question of the private sector and foreign
companies; there are five levels for this comparison: 1-Very Low, 2- Low, 3- Medium, 4- High, and
5- Very High. The results are displayed in Fig. 7 which shows respondents evaluation. The
evaluation shows that foreign technology outweighed the public technology as well as the private
technology. The rates of (very high) are (25) and (24) for public and private sectors respectively;
and the same comparison rates of (high) are (41) and (40) respectively. These results can be
considered as evidence of the superiority of foreign technology to technology in both public and
private sectors.

5.9 Technology of Foreign Companies is Outweighing the Technology of Companies in Private
Sector: The same previous comparison is conducted on technology level between the foreign
companies and companies of the private sector. Fig. 7 shows respondents evaluation; this chart
presents three values of comparison.

Now, the result of the two Iragi sectors (Public and Private) confirmed the necessary need for
modern technology.

5.10The Transferring or Exchanging of Technology is Adopted When Contracts are signed
Fig. 8 illustrates this adoption and shows the lack of adoption of Transferring Technology as an
important term for signing the contracts; it also trends to the normal situation in Iraq for this matter.
The degree of legal importance appears in adopting the technology transfer as one of contracts
terms.

5.11 The Transferring or Exchanging of Technology is Adopted When Contracts are
Concluded. Fig. 9 shows the horizontal transferring in Iragi environment and the level of available
technologies by these organizations;

It seems the effect of contribution of Iragi contracts trends to (Occasionally, Low and Very low)
with score 24, 27 and 2 respectively.

70



Number 12 Volume 21 December - 2015 Journal of Engineering

5.12 The Achievement of Technologies between Iragi Organizations: This is another scale for
evaluating and achieving the Iragi technologies (scientific, mechanization and administration) from
local environment. Fig. 10 shows the technology acquirement level from public and private sectors
alike.

5.13 Personal Procedures for Supporting or Encouraging the Technology Transfer

Fig. 11 displays the respondents contribution or (their procedures) to support or transfer technology
(the first group). The high percentage for: Submitting proposals for use the modern machineries to
raise the level of production and the second was for: Submitting studies and periodic reports about
work, and recommending changing the work methods if needed..., and etc. that means the
professionals going on following-up the new technologies which utilized in the world as well as the
method of work performance.

5.14 The Reasons for Absence of the Personal Role for Transferring Technology

Fig. 12 shows the second group that has the role (weak and non-existent) for major obstacles or
barriers that prevent to technology transfer. The Figure shows the major obstacles to prevent
technology transfer is the role of top management for supporting the modern technology and with
the close percentage the reason of lack of work team, while the other reasons have the same
percentage.

6. CONCLUSIONS

Several conclusions were reached (for instance but not limited) as follows:

1- The variety of respondents in (Public and Private) sectors as well as the respondents from
different Ministries, with different specializations and different scientific degrees, this led to get a
respected view for evaluating the technology and its importance in construction sector.

2- The major obstacles for adopting the modern technology were: Absence of motivation in the
(some) top management for accepting it, as well as a lack of capable work team for receiving and
absorbing and applying it....etc.

3- The results strongly supported the contracts with foreign companies to improve the skills in
public and private sectors alike to bridge the technical gap.

4- There is no clearly legal term in Iragi contracts for transferring technology which signed between
different sectors.

5- The utilized technologies recently do not meet the required specifications for executing the
projects.

6- Respondents have contribution for transferring technology and in contrast there are different
obstacles for preventing this process.

7- Last but not least; there is no care to the professionals who worked with foreign companies, to get
benefits, and the interesting should be paid to them and encouraging to improve the work.
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Table 1. Different Specialization for Respondents in Public and Private Sector.

Journal of Engineering

Specialization o _ _ _ ' _ Urban & | Production
Civil Mechanical | Electrical | Architectural [ Chemical | Environmental | Regional & Total

_ _ Planning | Minerals
gUb“C Private B|/M D|[B|/M|D B B/M D|B/M/D|B/ M | D |HD| D B

rs
Ministry of Higher 2 5 131221 1 2 2 20
Education and Scientific
Research
Ministry of Construction 7 4 1] 1 13
and Housing
Ministry of Water 2 1 3
Resources
Ministry of Health 2 1 2 5
Mayoralty of Baghdad 3 1 4
Ministry of Science and 1 1 1 3
Technology
Ministry of Industry and 3 3 6
Minerals
Ministry of Electricity 1 3 5
Ministry of Qil 1 1 2
Ministry of Youth and 1 1 2
Sport
Different Private 6 5 1 4 1 17
Companies
Total 23 115 |3|6 3|2 5 4 12118 1 2 1|3 1 80

Where B: Bachelor, H.D: High Diploma, M: Master and D: Doctorate
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Table 2. Statistic descriptive for the agreement level in technology.

Descriptive Statistics

N Mean Std. Variance Skewness Kurtosis
Deviation
Statistic  Statistic Statistic Statistic Statistic Std. Statistic Std.
Error Error
Specialization 80 2.50 1.981 3.924 1.117 .269 .042 532
Scientific 80 1.93 1.188 1.412 .659 .269 -1.297- 532
Degree
Functional 80 3.30 1.546 2.390 871 .269 125 532
Ranks
Engineering 80 1.65 .873 762 1.223 .269 .652 532
Ranks
Agree Level 80 4.05 .940 .884 -.664- .269 -.503- 532
Valid N (list 80
wise)
Table 3.Transition of professionals and the better technical sector .
Better Technically Transition of Professionals Correlation
Frlo-m Frzo-m 3 Cr?z;nngng g
.. .. | —
Transition Private to  Public to Argﬂg:]b'gus in Job =
Public Private g Sector
1- The Private Sector is
Technically better than the Public 4 4 2 3 13
Sector
2- The Private Sector Which has
Contracts with Foreign Companies 8 5 4 16 33 0.0580259
is Technically better than other
3- The Public Sector is Technically 3 0 1 3 7
better than the Private Sector
4- The Public Sector Which has
Contracts with Foreign Companies 5 1 3 18 27 0.976079
is Technically better than other
Total 20 10 10 40 80
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Table 4.Work in / with foreign company.

Respondents Answers for Part 1 Yes (Directly) | Yes (Indirectly) No Total
work with Foreign Company 39 41 0 80
Respondents Answers for Part 2 Yes Sometimes No Total
Related to Construction Sector 59 12 9 80
Table 5. Statistic information for the technology level .
Sector  Specialization  Scientific ~ Functional =~ Engineering  Technolog
Degree Ranks Ranks y Level
Valid 80 80 80 80 80 80
N Missing 0 0 0 0 0 0
Mean 2.50 1.93 3.30 1.65 3.88
Median 1.00 1.00 3.00 1.00 4.00
Mode 1 1 3 1 4
Std. 1.981 1.188 1.546 873 .7136
Deviation
Variance 3.924 1.412 2.390 762 541
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Operation of the Iraqgi Part of Al-Huweizah Marsh

Asst. Prof. Dr. Hayder Abdulameer AL-Thamiry Ahmed Kamil Hassani
Department of Water Resources Engineering Department of Water Resources Engineering
College of Engineering-Baghdad University College of Engineering -Baghdad University

E-mail: dr_hydr @yahoo.com E-mail: ahmed_khm@yahoo.com
ABSTRACT

A\-Huweizah Marsh is considered as the largest in Irag. This research aims to maintain the
sustainability of Al-Huweizah Marsh under all circumstances and within the limits of the
available natural resources from the Iragi side and the absence of feeding from the Iranian side
due to the recent Iranian separation dike along the international boundaries within the marsh.
Twelve scenarios have been suggested as a first step to restore the whole marsh. But the
uncontrolled Iranian feeders and exiguity of their discharges recently, it was necessary to study
only the northern part of the marsh as an alternative case to ensure reasonable amounts of water
for the purpose of maintaining and restore the marsh. Hydrological routing model was used to
calculate the quantities required to restore the whole marsh, as well as the northern part. In this
research, the total dissolved solid (TDS) was adopted as the water quality parameter considering,
three concentrations of TDS (1500, 1750, and 2000ppm). A two-dimensional flow mathematical
simulation model was prepared using the SMS package (surface water modeling system) where
RMA-2 and RMA-4 software’s are used to study the flow and water quality patterns,
respectively. In order to improve the water quality in the marsh according to the acceptable water
quality determinants and the current conditions, we studied diverting some of Tigris River water,
which is one of Shatt-Al-Arab feeders, into the marsh and releasing this amount into Tigris River
through Al-Kassara control structure into Shatt-Al-Arab. A significant water quality
improvement in the marsh was noticed as a result of mixing 25% or 50% of the Tigris River
water which is suppose to go to Shatt Al-Arab. According to the results of this study, it was
found that the restoration of the whole marsh cannot be achieved under the current circumstances
because of the limited water discharges from Iraqi feeders of the marsh and receding of feeding
from Iranian side. The best scenario was that of 3650million cubic meters/year for an area
338km? and water surface elevation of 3m.a.m.s.l. The results also show that Al-Kassara control
structure is unable to pass the required outflow at low level to improve water quality according
to the required standard determinants.

Key words: Al-Huweizah Marsh; hydrological routing model; discharge; TDS; SMS.
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1. INTRODUCTION

Al-Huweizah Marsh is the largest marsh in Iraq with total area of 2060km? of it 1360km? within
Irag, Al-Thamiry, 2009. It is located at the east side of Tigris River at Mayssan and Al-Basrah
Governorates, extending from AsSanna’f Marsh outfall down to the south to the outlet of
AsSwaib River. Iran has constructed a dike along the Iran-Irag border; this dike contains seven
hydraulic structures, Fig. 1, extending from the northern of the Ghzayla bridge, in Mayssan
Governorate, down to outlet Southern at AsSwaib, in Al-Basrah Governorate, at level 6 meters
above mean sea level (m.a.m.s.l.), and a width 10m from top. It led to the separation of the marsh
into two marshes and to prevent the flow of water from Iranian side, Al-Azim Marsh, to the Iraqi
part of Al-Huweizah Marsh. As a result, the environmental and hydrological consequences of
these changes are great, CRIMW, 2012.

The main problem that faces improvement the ecosystem in any Iragi marshland is the absence
of scientific management and the limited discharges of Iragi feeders. In order to reduce the
environmental impact of the Iranian dike on the Iraqi part of Al-Huweizah Marsh, Iragq has
recently started constructing a dike, parallel to the Iranian dike and about 250m apart, in order to
achieve proper water management system that will be built on a scientific basis and to ensure
security of workers in Iragi marsh, and this will contribute significantly to knowledge of the
circumstances of this region in terms of social, environmental and hydrological. The

84



Number 12 Volume 21 December - 2015 Journal of Engineering

construction of this dike will prevent the inflow of Iranian drainage water into Iragi part but the
water resources deficit must be compensate from Iraqi feeders.

2. PREVIOUS STUDIES

Studies on the marshes are divided into two parts; the first is concerning on the hydrological
studies while the second is focused on environmental studies. One of the hydrological study that
prepared by, Ministry of Environment, et al., 2006. With main objective of studying the
current and future water resources requirements in the marshlands area by using a set of
numerical tools capable of providing valid presentation of the hydrodynamic phenomena in the
marsh. This study included many Iraqi marshes, Abu Zirig marsh, the Central Marshes and Al-
Huweizah Marsh. The scope of this work included identification of typical annual hydrological
cycles for the marshes (inflow, outflows, evaporation, storage and water surface elevation
variation) and provided a first set of circulation models was which prepared using the software’s
(flow-2d) and RMA2 to identify and analysis the development of the marshes re-flooding and
point out which amount of water necessary to obtain the flooding extensions related to the
investigated scenarios; more over the results variation during time were studied, in terms of
water depth and of flooded area extension. The general scope of the modeling process is the
identification of the best management way for water necessary for the wetlands, minimizing the
inflow volumes and the evaporated volumes, keeping the water variation level necessary for the
biological development. Yousef, 2006, prepared a study with main objectives were to over
viewing the monitoring field data of Al-Huweizah Marsh concerning hydraulic and water quality
aspects. The research used RMA2 model to calculate depth, averaged velocity gradients, water
depths and surface water elevations for Al-Huweizah marsh according to date of measurements.
From the comparison between the surface water area of the marsh before and after drying, it has
been found that the surface water area is reduced to 28% of its area before drying 1976.
Al-Thamiry, 2009, prepared a study on Al-Huweizah Marsh. This study included hydrological
and environmental influences on the Iragi part resulting from the constructing of the Iranian
separation dike through hydrological routing for two cases, case one; in the absence of Iranian
dike and case two; the existence of the dike. The main results of the comparison showed that
there is no contribution from Al-Karkheh River into the Iragi part of the marsh during dry years;
while the contribution of this river will be 36% and 31% from its inflow into the marsh during
wet and normal years respectively.

In the environmental field, Shaimaa, 2008, studied the effect of Al-Huweizah Marsh boundary
configuration on the velocity patterns and water quality distribution. This study has been
achieved by using a two dimensional depth-average hydrodynamic model and a two dimensional
water quality transport model. These models were built using RMA2 and RMA4 models under
surface water modeling system package. This model has been applied on three hypothetical
scenarios. Selection of these scenarios are mainly based on the marsh boundary configuration
and the results of the hydrological and routing carried out by CRIM. Results of this study show
that the construction of the earth dike along the Irag-Iran boundary line causes variation in the
direction of water flow in all portions of the marsh and also it has an influence on the variation of
water quality for all parameters within the marsh.

Al Khafaji, 2013, prepared a study on Al-Huweizah Marsh which includes two cases, case one:
without existence of the Iranian dikes and case two: with the Iranian dikes. The electrical
conductivity, EC, value was adopted to be the indicator for the water salinity within the marsh. A
steady two-dimensional water quality model was implemented by using the RMA2 and RMA4
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software within the SMS computer package to estimate the seasonal distribution of the EC
values within the marsh during the wet, normal and dry water years, the main results of this
study showed that the estimated distribution patterns of EC values with the existence of the
Iranian dikes, Case2,deteriora water salinity within most of the Iraqgi part of the marsh during the
four seasons of the wet, normal and dry water years.

3. AL-HUWEIZAH MARSH FEEDERS

Fig. 2, shows a schematic diagram of the main water resources of Al-Huweizah Marsh which
can be classified into two types depending on the existence of water control structures. The first,
controlled feeders, are Al-Musharrah, and Al-Kahla’a Rivers which are sharing the same intake
located north of Al Amarah Barrage on Tigris River and controlled by a head regulators located
upstream of each river. The second, uncontrolled feeders, are Al Karkheh River and AsSanna’f
Marsh, which is feeding by AtTeeb, Dwayreach, Kmait Rivers, the surface runoff of
AShama’ashir area and the drain water of Sa’ad River irrigation project.

The main discharge outlets of Al-Huweizah Marsh are Al-Kassara and AsSwaib Rivers. Al-
Kassara River water is discharged to Tigris River through two sets of pipes. These pipes will be
replaced by a control structure with a design discharge of 125m*/sec. AsSwaib River flows from
the southern part of Al-Huweizah Marsh and directly outfalls in Shatt Al-Arab River with an
average flow capacity of 600 m®/sec. A control structure with a design discharge of 200 m®/sec
has been designed to control the outflow of this river into Shatt Al-Arab River, Ministry of
Water Resources, el. at 2007.

4. TOPOGRAPHY OF AL-HUWEIZAH MARSH

Different estimations of Al-Huweizah Marsh area may be found in literature. According to the
study that carried out by Ministry of Water Resources, 2003. The estimated area of Al-
Huweizah Marsh is about 1500km? including AsSanna’f Marsh area. During the autumn season,
the marsh reaches its minimum area, about 650km?. Only the deep parts of the marsh remains
forming water ponds such as Um Al-Na’aj, and Al-Azim. These water ponds are connected to
each other by water paths that pass through dense areas of weeds, reeds, and other water bushes
types which make the movement within the marsh so difficult, CRIM, 2008.

CRIM, 2006, developed a complete topographical map for Al-Huweizah Marsh, Fig. 3, using
the topographical survey which has been carried out for the Iraqgi part of the Al-Huweizah Marsh,
using the ultra sonic device and the topographical map of the Iranian part of the marsh which is
presented in the Azadegan Environmental Baseline Studies, UNEP, IRAN, 2004.

5. AREA AND STORAGE ELEVATION CURVES

Depending on the achieved DEM of the marsh and using Arc-view GIS software assuming that
the water surface profile is horizontal within the marsh (hypothetical case), the area and storage
elevation curves for the Iraqi part (total marsh) of the marsh were obtained by CRIM, 2008. In
the present study, according to the same above assumptions, the area and storage elevation
curves for north part of the marsh are computed and presented in Figs. 4 and 5.

6. CONSUMPTION DISCHARGES FOR IRRIGATION FROM IRAQI FEEDERS

Marsh feeders are flow several kilometers before they reach the marsh boundary. Along these
rivers, there are many intakes for irrigation purposes for the nearby farms. The monthly required
water for irrigation was calculated according to the difference between the diverted discharges
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through Al-Musharrah and Al-Kahla’a regulators and that reach the marsh through feeders and
their tributaries. The estimated irrigation requirement will help decision maker to identify the
required discharges at the inlets of Al-Musharrah and Al-Kahla'a regulators so as to ensure the
marsh share of water, Table 1. It must be noticed that the actual feeder of the marsh during the
last years is Al-Kahla'a River only since the whole water within Al-Musharrah River was used
for irrigation, Figs. 6 and 7.

7. HYDROLOGICAL ROUTING OF AL-HUWEIZAH MARSH
The hydrological routing of Al-Huweizah Marsh was carried based on the mass conservation law
and has the form of a mass balance equation, that is:

dVin/ dt=1-0—ET,* A 1)

Vm is the volume of water within the marsh (cubic meters); t, I, O, A and ET, represent the time
(sec), inflow, outflow (m*/s), area (m?) and evapo-transpiration (m/sec), respectively.

Since Al-Huweizah Marsh lies within a region of high ET, and according to the above equation,
ET, will be the key factor affecting the required water to maintain the marsh area and the water
quality deterioration. To minimize the losses due to ET,, a suggestion is made to minimize the
marsh area to a value that keeps continuous lake during the period of high ET, and to be
increased up during the period of low ET,. This suggestion simulates the natural fluctuation in
the marsh area that was occurred before. Twelve scenarios of the total Iragi Marsh boundary are
suggested as the first step for the water management of the Iragi marsh. But, since the Iranian
feeders are uncontrolled feeders it must be study the absence of Iranian water, so the northern
part of Al-Huweizah Marsh were taken as another alternative that will ensure the reasonable
amount of water to maintain a permanent marsh, especially with the present challenges.

8. AL-HUWEIZAH MARSH WATER QUALITY

In this research, TDS is water quality parameter that was used as a measure of the salinity of the
water. The effects of human activities on water quality are both widespread and varied and in the
degree to which they disrupt the ecosystem and restrict water use. Pollution of water by human
faces, for example, is attributable to only one source, but the reasons for this type of pollution, its
impacts on water quality and the necessary remedial or preventive measures are varied. The
marsh feeders, AsSanna'f Marsh (which is a seasonal marsh), Al-Karkheh River, Al- Musharrah
River and Al-Kahla’a River, can be classified into three types depending on the existence of
water control structures on these feeders; the locations of these control structures and the way of
controlling the discharges of these feeders. These types are: uncontrolled feeders (AsSanna'f
Marsh), controlled Iranian feeders (Al- Karkheh River) and controlled Iraqi feeders (Al-
Musharrah and Al-Kahla’a Rivers).

Historically, the salinity was less than 700 mg/l, Abbas, 2006. But the water quality of the marsh
varies with time. This variation depends on the source of water and whether the water passes
urban area. Except the dissolved Oxygen, DO, the electrical conductivity, EC (or TDS), all other
water quality parameters are about or within the acceptable limits for drinking water standards.
The maximum recorded EC at Al Musharrah River, Al Ma’eel channel, Um AtToos River, Al
Husa'chi River, Al-Kassara River, and AsSwaib River is slightly higher than the acceptable limit.
While the maximum recorded EC at AsSanna'f Marsh outfall , AtTeeb River, Dwayreach River,
Kmait River, and Sa'ad Drain let stations was 9000 ps/cm and it is higher than the acceptable
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limit in most of the measurements, CRIM, 2006. Available information on Karkheh River water
quality is restricted to the chemical elements such as total dissolved salts (TDS), pH, Electrical
conductivity, anions and cat ions for the main stations. According to the available information,
the salt content of the river water is mainly composed of sodium chloride followed by calcium
sulfate and calcium carbonate. During the low flow periods, Sodium Chloride very clearly
dominates other than salts while during the high flow periods; the composition is almost
uniform, UNEP, 2004. The balance of the ecological system of the Al-Huweizah Marsh has a
large effect on the balance of the overall ecological system because of the large area, location,
variety of feeding sources and variety of ecological and biological systems of this marsh.

9. WATER QUALITY MODEL
The mass conservation law also applied to TDS, that is:

Cm*de/dt+Vm*de/dt = C| * I - Cm*O+Cm * ETO * A (2)

Where Cp,= Concentration of the marsh, ppm, C; = Concentration of the feeder’s marsh, ppm,
V= Storage, m®, | and O= Inflow and Outflow, m%s, ET,- Evapotranspiration, m/s, A= Area of
marsh, m?. In this study, TDS is water quality parameter that was used as a measure of the
salinity of the water. TDS fairly indicates the level at which salinity problem is likely to occur.
The TDS is an indicator to presence of calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulfates salts. Water quality of the northern part of Al-Huweizah Marsh was
studied with the six adopted scenarios and the total dissolved solids TDS was limited to be below
1500, 1750 and 2000 ppm within the marsh. In order to improving water quality in the marsh,
we studied diverting some of Tigris River water, which is one of Shatt-Al-Arab feeders, into the
marsh and releasing this amount into Tigris River through Al-Kassara control structure into
Shatt-Al-Arab. Additional 25% of Tigris River is to be diverted into the marsh when the value of
the TDS of Tigris River at Qalat Saleh is greater than 1000 ppm and about 50% of Tigris River
water when the value of the TDS of Tigris River at Qalat Saleh less or equal t01000 ppm.

10. THE SIMULATION 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 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-Huweizah Marsh.
The Surface Water Modeling System, SMS, RMAA4, is a companion model to RMAZ2, is a finite
element water quality transport numerical model. RMAA4 is applied to represent the transport of a
contaminant, salinity intrusion in a system. RMA4 was used to investigate the water quality
inside Al-Huweizah Marsh.

11. BOUNDARY CONDITIONS SIMULATION

There are two hydraulic models the first is of the Iranian side no feeding and the second for the
Iranian side feeding. The downstream boundary conditions for the both models are the same
which are Al-Kassara Rivers while the difference in the upstream boundary conditions is the
feeding water that enters the marsh from Al-Karkheh Rivers. The reason of the difference is the
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existence of the presumed Iranian dike that will prevent the incoming water from the river from
entering the Iraqi part of the marsh when the water levels within the Iranian part of the marsh is
lower than 6m.a.m.s.l and then the water will spill over this dike when the water level exceeds
6m.a.m.s.l. Al-Huweizah marsh has five inlets: Al-Karkheh River, AzZubair River, Um Al-Toos
River, Al-Husa’chi River and AsSanna’f Marsh and Al-Musharrah River were treated as a one
source point, since Al-Musharrah River flows into AsSanna’f Marsh before AsSanna’f Marsh
feed the Al-Huweizah Marsh as shown in Figs. 8 and 9.

12. RESTORATION THE WHOLE AND NORTHERN PART OFAL-HUWEIZAH
MARSH

Table 2, shows a comparison between the mean annual volume required to restore the whole

area and the northern part of Al-Huweizah marsh according to the studied scenarios. The table

reveals that the percentage mean annual volume ratio between the required volume to restore the

northern marsh and the whole marsh is about 58%.

13. RESTORATION THE NORTHERN PART WITH AND WITHOUT IRANIANS
FEEDERS

Table 3, shows the comparison between the mean annual volume that required to restore the

northern part of Al-Huweizah Marsh due to the adopted scenarios including and excluding

Iranians feeders. It is clear that the absence of Iranian feeders reduces the water resources of the

marsh by about 2000MCM, (in normal year).

14. WATER QUALITY ANALYSIS OF NORTHERN PART WITHOUT IRANIAN
FEEDERS

Table 4, presents inflow and outflow for restoration of the northern part of Al-Huweizah Marsh
in all scenarios. The results of these scenarios are used as a first run for the water quality study
and then the inflows and outflows are corrected according to water quality requirements. Table
5, shows the amount of the inflow and outflow required discharges for northern marsh area due
to hydrological and environmental model for two consecutive years, namely, in the years 2009-
2010 and 2010-2011, for limit 1500 ppm.

15. AL-KASSARA STRUCTURE OUTLET

According to water quality model of the northern part of Al-Huweizah Marsh in the presence of
Al-Kassara structure had no flexibility to pass the large outflow values at the low level of water
due to the absence of feeding from the Iranian side therefore the value of TDS cannot be
improved. To solve this problem, an additional outlet structure is needed to give the required
flexibility to discharge higher flow rates than in the present condition. Fig. 10 shows comparison
between TDS, if the downstream control structure is only Al-Kassara structure or an alternative
structure for the first scenario when the maximum allowable TDS is 1500ppm. It can be noticed
significant improvement in TDS due to the alternative structure when it compared with that of
the existing of Al-Kassara structure. The main reason is that Al-Kassara structure currently
cannot passed the outflow required to achieve the water quality accordance to required
determinants. As an example, it is noticed from the Fig. 10 at September, the concentration of
TDS was 8808ppm with Al-Kassara structure while it was 1499ppm at the same month in the
case of alternative structure, where the percentage mean annual TDS ratio (improvement ratio)
was 83%.
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16. AL-HUWEIZAH MARSH BEFORE AND AFTER MIXING WITH ADDITIONAL
SHARE

Significant water quality improvement in the marsh was noticed as a result of mixing additional
share of the water allocated of Shatt Al-Arab. Figs. 11, 12, 13, 14, 15 and 16, show the monthly
variation of TDS in Al-Huweizah Marsh and Shatt Al-Arab before and after mixing with
additional share of Shatt Al-Arab for limit 1500 ppm. Table 6 presents the percentage ratio of
mean annual TDS among the suggested scenarios for the northern part of Al-Huweizah Marsh.
The percentage annual TDS ratio (TDS improvement ratio) is used in comparison between the
different scenarios, Table 6. When the maximum allowable TDS in the marsh is 1500ppm, the
TDS of the marsh before mixing is 1492ppm and after mixing is 1353ppm, the improvement
ratio (percentage mean annual TDS ratio) in TDS of the marsh is 9% and the percentage of
deterioration in TDS of Tigris River after mixing is 24% in the first scenario. In other scenarios
the improvement ratio in the marsh after mixing is approximately 8% and the percentage of
deterioration in TDS of Tigris River after mixing is 23%.

17. SEASONAL DISTRIBUTION OF TDS IN THE MARSH WITHOUT IRANIAN
FEEDING

A larger area of the marsh has a good quality during Summer, but it will be worst during Winter

with or without mixing. It is to be noticed that the east part of the marsh near the Irag-Iran

international boundary is almost stagnant. The contribution of the extra water (with mixing) will

lower the upper limit of TDS in the marsh while the TDS distribution is same, Figs. 17 and 18.

18. SEASONAL DISTRIBUTION OF TDS IN THE MARSH WITH IRANIAN FEEDING
The water quality of the marsh with the feeding from Iranian side is very bad in spite of good
mixing process, so it is necessary to avoid the Iranian side feeding by complete the construction
of the Iraqgi separation dike along the boundary to prevent the deterioration within the marsh
area, Fig. 19.

19. CONCLUSION

The hydrological routing was carried out based on marsh operation, which minimizes the
evaporation from the marsh, and with different scenarios of inflow and outflow discharges. The
variation of the marsh area, water level, inflow and outflow discharges, water volume, and the
water quality within the marsh were specified for each scenario. Based on the hydrological
routing analysis, a mathematical water quality models was used to study the variation of the
water quality within the marsh. The following conclusions were extracted:

1. Restoration of the whole marsh cannot be achieved since the required annual volume of water
is 1384 million cubic meters which is very difficult to be supplied according to the current
circumstances of Al-Huweizah Marsh feeders. Whereas, the northern part restoration need 62%
of that required for the whole marsh area.

2. The current Al-Kassara control structure fail to pass the required outflow in order to satisfy the
required water quality limitations within the marsh area.

3. Significant water quality improvement in the marsh was noticed as a result of mixing
additional share of the water allocated of Shatt Al-Arab.

4. Restoration of Al-Huweizah marsh according to the hydrologic and environment
considerations is required 3650 million cubic meters from Iraqi feeders which are more than 4
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times of that for the hydrological requirements only. This amount of water is sufficient to
preserve the concentration of water contaminants within the acceptable determinants.
5. When the maximum allowable of TDS in the marsh water is equal to 1500ppm (whether with
or without extra inflow) it is noticed that TDS in 5™ scenario is similar to that of the 2", 3 and
4™ scenarios.
6. It is clear that the absence of Iranian feeders reduces the water resources of the marsh by about
1000 million cubic meters (in normal year).
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Figure 2. Schematic diagram for the hydrological
interference, CRIM, 2008.

Figure 3. Digital elevation model (DEM) of
Al-Huweizah Marsh, CRIM, 2006.
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Figure 4. Area-elevation curve of the north Iraqgi part of Al-Huweizah Marsh.
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Figure 5. Area-storage curve of the north Iraqi part of Al-Huweizah Marsh

Table 1. Monthly average water consumption in m%/sec along Al-Musharrah and Al-Kahla'a

Rivers.
Al-Kahla’a River Al-Musharrah River
Month River Total Marsh River Total Marsh
inflow consumption inflow inflow consumption inflow
Oct 28.52 9.77 18.75 6.42 6.42 0
Nov 22.37 10.37 120 4.43 4.43 0
Dec 28.64 9.14 19.50 6.04 6.04 0
Jan 22.74 9.99 12.75 5.26 5.26 0
g Feb 17.68 493 12.75 6.64 6.64 0
N Mar 17.67 6.86 10.81 5.90 5.90 0
2 Apr 21.10 4,32 16.78 7.80 7.80 0
S May 29.23 9.46 19.77 7.19 7.19 0
Jun 22.63 9.08 13.55 5.30 5.30 0
Jul 17.89 5.61 12.28 4.04 4.04 0
Aug 19.58 8.23 11.35 6.04 6.04 0
Sep 20.07 8.52 11.55 6.40 6.40 0
p— e
Figure 6. Al Jdeda regulator on Al-Musharrah Figure 7. Al Alah regulator on Al-Musharrah
River at the coordinate in UTM (N=3525693m, E River at the coordinate in UTM(N=3525151m, E
=722787m), during5/ 1/2012. =711674m), during 5/ 1/2012
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Figure 8. The inflow from Iranian part into the Figure 9. Iraqi feeders of Al-Huweizah Marsh.
Iraqgi part of the marsh.

Table 2. Comparison of the required means annual volumes of water in MCM for restoration of

the whole and northern part of Al-Huweizah marsh area.
Scenario 1 2 3 4 5 6 7 8 9 10 11
Northern Marsh 857 | 1076 | 1105 | 1155 | 1181 | 1179 | 1591 | 1615 | 1659 | 1674 | 1655
Whole Marsh 1384 | 1797 | 1839 | 1912 | 1948 | 1944 | 2871 | 2904 | 2960 | 2966 | 2913

Table 3. Comparison the mean annual volumes of water in MCM for the suggested scenarios
with and without Iranians feeders.

Scenario 1 2 3 4 5 6
Including Iranian Feeders 1842 2060 2089 2139 2162 2146
Excluding Iranian Feeders 857 1076 | 1105 | 1155 | 1181 | 1179
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Table 4. Net required monthly inflow (1), outflow (O)and annual volume in MCM for two consecutive years for northern part.
Discharge, m®/s

Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Mean Annual Volume

| “year | 22 | 13 | 7 7 | 11| 16 | 26 | 35 | 49 |53 | 49 | 36 27 857

- Myear | 22 | 13 | 7 7 |11 ] 16 | 26 | 35 | 49 | 53| 49 | 36 27 857
“ g Syear | 0 0 0 0 0 0 0 0 oo o 0 0 0
Myear | 0 0 0 0 0 0 0 0 oo o 0 0 0

| “year | 51 | 44 | 42 [ 20| O 0 0 35 | 49 [ 53| 49 | 36 32 1007

o ““year | 54 | 57 | 65 [ 33 | 0 [ O 0 | 35 |49 [53] 49 | 36 36 1144

15 “year | 0 0 0 | 31| 42 | 24 5 0 0 | o0 0 0 8 262

Myear | 0 0 0 | 31 | 42| 24 4 0 0|0 o 0 8 260

| “year | 40 | 47 | 45 | 22 | 0 0 14 | 35 | 49 [ 53| 49 | 36 33 1036

™ Myear | 39 | 59 | 71 [ 38 | 0 0 14 | 35 | 49 [ 53| 49 | 36 37 1175

“ 15 “year | 0 0 0 | 37 | 49 | 27 3 0 0|0 o 0 10 298

Myear | 0 0 0 | 37 | 49 | 27 3 0 0 | o0 0 0 10 298

| “year | 25 | 36 | 60 | 31 | 0 9 26 | 35 | 49 | 53| 49 | 36 34 1088

< Myear | 22 | 39 | 88 | 53 | 0 9 26 | 35 | 49 |53 | 49 | 36 38 1222

“ 15 “year | 0 0 0 | 57 | 68 | 17 0 0 0 |0 0 0 12 361

Myear | 0 0 0 | 57 | 68 | 17 0 0 0|0 o 0 12 361

| Syear | 25 | 15 | 56 | 54 | 6 16 | 26 | 35 | 49 [ 53| 49 | 36 35 1117

10 Myear | 22 | 13 | 71 [ 92 | 6 | 16 | 26 | 35 | 49 |53 | 49 | 36 39 1245

“ 15 “year | 0 0 0 |104] 51 0 0 0 0 | o0 0 0 13 401

Myear | 0 0 0 |104 | 51 0 0 0 0|0 o 0 13 401

| “year | 25 | 15 | 9 [ 97 | 11 | 16 | 26 | 35 | 49 [ 53| 49 | 36 35 1118

© Myear | 22 | 13 | 7 [150| 11 | 16 | 26 | 35 | 49 [ 53 | 49 | 36 39 1240

“ 15 Syear | 0 0 0 [162] 0 0 0 0 0o |0 o 0 14 435

year | 0 0 0 [162] 0 0 0 0 0 | o0 0 0 14 434
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Table 5. Net required monthly inflow (1), outflow (O) and annual volume in MCM for two consecutive years for northern part, (maximum
allowable TDS in the marsh is 1500ppm).

Discharge, m°/s
Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep Mean annual Volume

I 1% year 22 | 116 28 30 39 69 106 137 | 188 | 226 | 195 | 139 108 3412

o 2" year 89 69 33 47 69 159 156 142 | 182 | 210 | 184 | 135 123 3887
o 0 1% year 0 103 21 23 29 53 80 102 139 | 173 | 146 | 103 8l 2560
2" year 67 56 26 40 59 143 130 107 133 | 157 | 135 99 96 3036

| 1% year 51 44 42 20 50 80 111 137 188 | 229 | 194 | 140 107 3385

o 2" year 96 77 65 33 76 185 164 139 182 | 212 | 182 | 135 129 4075
o 0 1% year 0 0 0 31 92 104 114 102 139 | 176 | 145 | 104 84 2641
2" year 43 21 0 31 | 118 | 210 168 104 | 133 | 159 | 133 99 101 3194

I 1% year 40 47 45 22 49 75 111 140 187 | 226 | 196 | 140 107 3369

™ 2" year 89 75 71 38 57 181 159 144 182 | 211 | 183 | 135 127 4014
o 0 1% year 0 0 0 37 98 102 100 105 138 | 173 | 147 | 104 84 2634
2" year 49 16 0 37 | 106 | 209 148 109 | 133 | 158 | 134 99 100 3143

| 1% year 25 36 66 31 31 81 106 138 187 | 228 | 194 | 140 105 3337

< 2" year 90 67 88 53 0 202 156 140 182 | 213 | 181 | 135 126 3991
o 0 1% year 0 0 6 57 99 89 80 103 | 138 | 175 | 145 | 104 83 2615
2" year 68 27 0 57 68 210 130 105 | 133 | 160 | 132 99 99 3134

| 1% year 25 43 70 54 28 66 106 140 187 | 225 | 197 | 141 107 3386

0 2" year 88 68 73 92 6 200 156 140 | 182 | 213 | 181 | 135 128 4062
o 0 1% year 0 28 14 | 104 | 73 50 80 105 138 | 172 | 148 | 105 85 2675
2" year 66 55 2 104 | 51 184 130 105 133 | 160 | 132 99 102 3221

I 1% year 25 39 48 97 11 74 106 137 187 | 229 | 193 | 140 107 3406

© 2" year 92 68 35 150 11 181 156 141 182 | 212 | 182 | 135 129 4088
N 0 1% year 0 24 40 | 162 0 58 80 102 138 | 176 | 144 | 104 86 2728
2" year 70 55 27 | 162 0 165 130 106 133 | 159 | 133 99 103 3284
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Month
ly variation of TDS within the marsh with and without Al-Kassara structure.
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Figure 11. Monthly variation of TDS in Al-Huweizah Marsh and Tigris River for the 1
scenario, (maximum TDS in the marsh is below 1500ppm).
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Figure 12. Monthly variation of TDS in Al-Huweizah Marsh and Tigris River for the 2™

scenario, (maximum TDS in the marsh is below 1500ppm).
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Figure 13. Monthly variation of TDS in Al-Huweizah Marsh and Tigris River for the 3
scenario, (maximum TDS in the marsh is below 1500ppm).
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Figure 14. Monthly variation of TDS in Al-Huweizah Marsh and Tigris River for the 4
scenario, (maximum TDS in the marsh is below 1500ppm).
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Figure 15. Monthly variation of TDS in Al-Huweizah Marsh and Tigris River for the 5™
scenario, (maximum TDS in the marsh is below 1500ppm).
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Figure 16. Monthly variation of TDS in Al-Huweizah Marsh and Tigris River for the 6™
scenario, (maximum TDS in the marsh is below 1500ppm).

Table 6. Variation of TDS for Al-Huweizah Marsh before and after mixing with a share of
Tigris River water (allocated to Shatt Al-Arab) for two consecutive years.

Al-Huweizah Marsh Tigris River
Maximum allowable | ¢ - . _TDS’ ppm TDS, ppm
TDS in ppm without | with | Percentageof \ . . | . | Percentage of
extra | extra | Improvement o o deterioration
inflow | inflow mixing | mixing
S-1 1492 | 1353 9 958 1258 24
S-2 1466 | 1346 8 958 1245 23
1500 S-3 1469 | 1347 8 958 1245 23
S-4 1465 | 1343 8 958 1246 23
S-5 1463 | 1341 8 958 1251 23
S-6 1450 | 1332 8 958 1243 23
S-1 1731 1483 14 958 1341 29
S-2 1664 | 1464 12 958 1323 28
1750 S-3 1664 | 1462 12 958 1322 28
S-4 1654 1455 12 958 1322 28
S-5 1663 | 1460 12 958 1325 28
S-6 1660 | 1456 12 958 1319 27
S-1 1962 | 1596 19 958 1409 32
S-2 1852 | 1561 16 958 1385 31
2000 S-3 1849 | 1558 16 958 1385 31
S-4 1835 | 1547 16 958 1384 31
S-5 1847 | 1554 16 958 1387 31
S-6 1855 | 1556 16 958 1379 31
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Figure 17. Seasonal TDS distribution within the marsh for 1* scenario without mixing with
additional share.
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Figure 18. Seasonal TDS distribution within the marsh for the 1* scenario with mixing with
additional share
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Figure 19. Seasonal TDS distribution within the marsh area with Iranian feeders for the 1%
scenario without maxing with additional share.
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ABSTRACT

Aeroelastic flutter in aircraft mechanisms is unavoidable, essentially in the wing and
control surface. In this work a three degree-of-freedom aeroelastic wing section with trailing
edge flap is modeled numerically and theoretically. FLUENT code based on the steady finite
volume is used for the prediction of the steady aerodynamic characteristics (lift, drag, pitching
moment, velocity, and pressure distribution) as well as the Duhamel formulation is used to
model the aerodynamic loads theoretically. The system response (pitch, flap pitch and plunge)
was determined by integration the governing equations using MATLAB with a standard Runge—
Kutta algorithm in conjunction with Henon’s method. The results are compared with previous
experimental data. The results show that the aerodynamic loads and wing-flap system response
are increased when increasing the flow speed. On the other hand the aeroelastic response led up
to limit cycle oscillation when the flow equals or more than flutter speed.

Key word: aeroelastic, wing, control surface, aerodynamic
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1. INTRODUCTION

Aeroelasticity can be defined as the science which studies the mutual interaction between
aerodynamic, elastic of structure and inertial forces. The analysis of dynamic characteristics of
either complex or simple structures is quite developed nowadays as far as numerical and
experimental methods are concerned. Hence, it is correct to state that reliability in aeroelastic
calculations is strongly dependent on the correct evaluation of the aerodynamic operator,
Marques and Azevedo, 2007.

Flutter is one of the most representative topics of aeroelasticity. Flutter is a complex
phenomenon where structural modes are simultaneously coupled and excited by aerodynamic
loads. In a more formal way, flutter is the condition where an aircraft component exhibits a self-
sustained oscillatory behaviour at speeds higher than the critical one, Wright, 1991. With recent
advances in CPU speeds, current research has turned toward the application of computational =
fluid dynamics (CFD) models to the solution of these aeroelastic problems. By the use of an
unsteady Euler or Navier—Stokes CFD algorithm coupled with a structural dynamics solver, the
complete aeroelastic response of the structure can be predicted. However, the major limitation in
applying such a CFD solution is the computational time required to run a full aeroelastic
simulation due to the high dimensionality of even the simplest geometry, Cowan et al, 2001.

A three degree-of-freedom aeroelastic airfoil section with control surface free play were
modeled theoretically as a system of piecewise linear state-space models. They were investigated
by Conner et al., 1997and Liu et al.,, 2001. The wing flutter calculated by integrated
computational fluid dynamics (CFD) and computational structural dynamics (CSD) method.
The coupled CFD-CSD method simulates the aeroelastic system directly on the time domain to
determine the stability of the aeroelastic system. Computational fluid dynamics (CFD) solver
technique for modeling unsteady aerodynamic forces used in time-domain aeroelastic analysis.
The system identification as was predicted by Cowan et al., 2001. Tricky, 2002. It could
accurately model the unsteady aerodynamic forces for complex aerospace structures of practical
interest. They presented the effects of a free play structural nonlinearity on an aeroelastic in the
three-degree-of-freedom airfoil model. Dowell et al., 2003 analyzed the effective of leading and
trialing edges control surfaces on the airfoil. He used a simple control strategy, then used a
combination of leading-and trailing-edge control surface rotations to maintain lift and roll
effectiveness and to minimize control surface rotations. Le Maitre et al., 2003, investigated
numerically the aeroelastic flutter derivative of a two-dimensional airfoil by means of Navier—
Stokes simulation solver employed influence matrix techniques to determine the exact boundary

conditions and a conformal mapping of the physical space. Ardelean et al., 2006, designed a

new piezoelectric actuator which meets the requirements for trailing edge flap actuation in both
stroke and force to study the aeroelastic control of wings with trailing-edge control surfaces.
Wind tunnel experiments showed that air flow has a little influence on flap deflection, suggesting
good actuation authority. Marqui et al., 2006, investigated the flutter parameters for two-
degree-of-freedom flexible mounting rigid wings tests with in wind tunnel. The plunging and
pitching flutter obtained with this experimental system was described as the combination of
structural bending and torsion vibration modes. Marques and Azevedo, 2007, used the unsteady
computational fluid dynamics tool to calculate the aerodynamic operator for aeroelastic analysis
of lifting surfaces in the transonic regime. The flow problem was modeled by the two-
dimensional Euler equations using the finite volume method applied in an unstructured grid
context. The state-dependent Riccati equation method was derived for aeroelastic response and
flutter suppression with control surface free play and Theodorsen theory for aerodynamics of
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airfoil section with trialing edge flap were studies by Li et al., 2010. Ghommem et al., 2012,
studied the response of aeroelastic system consisting of a plunging and pitching rigid airfoil,
supported by nonlinear translational and torsional springs, used a three-dimensional code based
on the unsteady vortex lattice method to predict the unsteady aerodynamic loads for coupled
model of the wing flow interaction. Vasconcellos et al., 2012, used a different representations
(discontinuous, polynomial and hyperbolic tangent) for control surface freeplay nonlinearity in a
three degree of freedom aeroelastic system. Abdelkefi et al., 2013, investigated analytically and
experimentally the dynamics of an aeroelastic system consisting of two degrees of freedom
airfoil section supported by a linear spring in the plunge degree of freedom and a nonlinear
spring in the pitch degree of freedom and as well the aerodynamic loads was represented by the
quasi-steady and an unsteady formulations. Saxena and Agrawal, 2013 used FLUENT software
to study the flow separation over airfoil at different angle of attacks. Kim and Chang, 2014,
studied the effect of a low Reynolds number on the aerodynamic characteristics of a pitching
NACAO0012 airfoil. The result showed that the phase angle, at which boundary-layer events
occurred, was in an inverse proportion to the increase in Reynolds number.

The goals of the present work can be summarized as follow:
(@)- A CFD tool is applied with structured two-dimensional meshes around airfoil with control
surface to obtain the aerodynamic characteristics at different freestream speed, angles of attack
and flap angles.
(b) Predict the flutter speed of the three degrees-of-freedom airfoil section with trialing edge
flap.
(c) Investigate the aeroelastic response of plunging, pitching and flap pitching for the airfoil with
control surface at freestream speed under, equal and above flutter speeds. The aerodynamic loads
are approximated using the Duhamel formulation.

The validity of flutter speed prediction and aeroelastic response are determined through
comparison with the experiments of Conner et al., 1997. Good agreement was determined.

2. COMPUTATIONAL FLUID DYNAMICS (CFD)

Computational fluid dynamics is a subject that has played an extremely important role in
recent studies of aerodynamics. The possibility of numerically treating a broad range of
phenomena which occur in flows over bodies of practically any geometry has numerous
advantages over experimental determinations, such as greater flexibility together with time and
financial resource savings. However, obtaining more reliable numerical results for a growing
number of situations has been one of the major recent challenges in many science fields
Marques and Azevedo, 2007. The simulation of the flow was carried out by running ANSYS
FLUENT software which based on the solution of the Navier-Stokes equations using the finite-
volume method under the same value of the response of airfoil for Angle Of Attack (AOA) and
flap pitching angles.

The grid generator ANSYS FLUENT CFD is used to mesh the domain. Fig.1 presents the airfoil
element domain. To increase the grid points at the surface of the wall, skewed mesh should be
avoided.

3. AEROELASTIC MODEL

The aeroelastic system modeled of three degrees-of-freedom, two dimension NACA 0012
wing section, constrained to move with degrees of freedom, namely the plunge (h), pitch (e), and
control surface angle (5) motions, as shown in Fig. 2. The elastic axis is located at distance ab
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from the mid chord. The mass center of wing section is located at distance x,b from the elastic
axis. Both distances are positive when measured towards the airfoil flap. The cb and xzb
distances are the distance from the hinge line of the flap and distance from the mass center of the
flap to the mid chord respectively.

The non-dimensional aeroelastic equation of motion for the airfoil with trailing edge control
surface are given by Li et al., 2010.

r2d + [r§+ (c — a)xﬁ]ﬁ + x,h 4+ r2wiF(a) = (ml;xz) (1-a)
[75 + (c —@)xgla + 2B + xph + 15wEG(B) :(m—lfz) (1-b)
xad+xﬁﬁ"+(%)ii+ wﬁh:(nlzl_b) (1-0)
Where
x“:ni,(:b' xﬁ:ms—‘fb' razzﬁ, rﬁ?:m‘{sz

The matrix of structural damping is created in this model according to Conner et al., 1997, the

natural frequency w; = \//’l_l , Where 4; is eigenvalue and the eigenvector matrix are obtained
from the left-hand side structure components of equations (1-a, 1-b and 1-c). Then the system
modal mass matrix M,,,q = ATM A and the modal damping matrix B,,,4 can be calculated as

2MyW4eSy 0 0
Bmoda = 0 2mgwgSp 0 (2)
0 0 thwhqh

Where m,, mg and m, are the values at the diagonal entries of M,,,4 and ¢,,¢g and ¢, are
the measured damping ratios. The structure damping matrix can be determined as
B = (AT)_leod(A)_l :

The Theodorsen approach is used to model the unsteady aerodynamic force and moments
L,M, and Mg in incompressible flow were calculated and written as by Theodorsen, 1935.

M, = —pb?{m (1/(2 — a))Ubd + nb?(1/(8 + a®))& + (T, + Tyo)U?B + (T, — Tg —
(c—a)T, + (1/2)Ty)UbB — [T; + (¢ — a)T,1b*f — anbh} +
2pUb%n((a +1)/2)C(K) (Va+ h +b(1/(2 — a))d + 1/mT,UB + b(1/2m) Ty18) (3)
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Mp = —pb?*{(—2Ty — Ty + T,((a — 1)/2))Ubd + 2Ty3b?d + (1/m)U?B(Ts — Ty Tio)
— ((1/2m))UbBT, Ty, — (1/m)T5b?f — Tybh}
X pUb?Ty,C(k)(Ua + A+ b(1/(2 — a)d + 1/nTyoUB + b((1/21))T11f) (4)

L = —pb?(Und + nh — nbad — UT,B — T,bf)
— 2npUbC(k)(Ua + h + b(1/(2 — @))d + 1/mT,UB + b(1/2m)Ty1B)  (5)

Where the T functions are given in Appendix A

The aerodynamic force and moment in Egs. (3)-(5) are dependent on reduced frequency k. so
Egs. (1-a) - (1-c) are restricted to simple harmonic oscillation. Aerodynamics in Eq. (3)-(5) is
dependent on Theodorsen’s function, C(k), where k is the non-dimensional reduced frequency of
harmonic oscillation. So the aerodynamics is restricted to simple harmonic motion. In order to
simulate arbitrary motion of the airfoil, the loading associated with Theodorsen’s function
C(K)f(t) is replaced by the Duhamel formulation in the time domain and written as, Li et al.,
2010.

Le=C(l)f() = f(0)d(z) + %dJ(T —o)do (6)
Where
. 1
f(t)=Ua+h+b(2_ )a+1/nT10Uﬁ+b( )Tnﬁ 7

and ¢(r) is Wagner function. In this work, convenient approximation of
Sears is used as

() = cp — c1e7%" —cze” "’ (8)

the coefficient in equation (8) are ¢; = 0.165, ¢, = 0.0455, ¢; = 0.335 and c, = 0.3. in order
to simplify the Theodorsen function, rewrite the Duhamel integral using integration by parts ,

Lo = F(D$(0) + f foy 22 ( _“) ©)

And following the state space method proposed by Li et al., 2010.

Le = (co— ¢1 — c3) f(£) + c3c4(cy + c3)X + (c105 + €304)% (10)

With the introduction of two augmented variables x,; = X, x,, = %, Eq. (1) can be product as

. 1 1
(Mg — Mpo)X + (BS — Bne — ZRSZ) X+ (Ks — Kne — ZRsl)X —RS3x, =0 (1)
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Wherex =[a B h/b]T and x5 = [xq41 xg2]7.
In the state space form, this equation is written as

X = AX)X (12)

The solution Algorithm and definition of the matrices in Egs. (11) and (12) are presented in
Appendix B.

4. RESULTS AND DISCUSSIONS
4.1 Aerodynamic Results

Once the meshes are generated, the next step will be simulations. There were more than 70
cases run in ANSY S/Fluent which different AOA from -6 to 6 degree with step 2 degrees as well
as the same pitch angle differential with all AOA step and different freestream velocities. These
simulations yielded solutions to the two dimensional flow fields around the airfoil with trailing
edge flap.

The lift and drag forces at (4) degrees angle of attack (o) as well as various flap pitching angles
(B) are analyzed with increasing velocity and it is cleared that lift force increases when velocity
is increased as well decreasing of flap pitching angle as shown in Fig. 3- a and Fig. 3- b. These
figures show that the drag forces were affected slightly with values of (B) while they increased
with increasing the velocity. Pitching moments are greatly influenced with (B) as well increased
with velocity as shown in Fig. 3-c which showed when ( = 2) that the pitching moment was
increased but decreased when velocity more than 15 m/s.

The simulations were run with limit of responses of varying angles of attack from (-6 to +6
degree step 2) and flap angles from (-6 to +6 degree step 2) at velocity equals to (25 m/s) for the
analytical calculated flutter. The AOA and flap angle variation play important role in the lift
generation as well as the effect of drag and pitching moments. For maximization of the lift in the
aircraft wings, the trialing edge flap angle should be down, while the AOA must be increasing as
verified in Fig. 4-which shows increasing of lift force with decreasing the flap angle (down)
while AOA increased. Fig. 4-b shows that the increasing of drag force was happened when the
AOA was increased-decreased. Flap angles as well as the result observed that the increment of
drag force with swing of airfoil more than variation of flap angle, nevertheless the behavior of
the ratio of lift-drag asymptotic to lift force demeanor as shown in Fig. 4-c. Finally Fig. 4-d
illustrates the effect of AOA and flap angle changing to the pitching moment. They were
important factors were affecting to airfoil swing result, and that shows that the flap angle was
significantly affected to the pitching moment.

Pressure contours at different velocities variations are shown in Fig. 5. It can be seen that the
pressure increased when the freestream velocity increased with values of 5 to 30 step 5 m/s at
zero flap angle and 4 degree AOA. At the same time, pressure contours around the airfoil also
was varied. For maximization of the lift in the aircraft wings, the pressure should be low at the
upper surface of the wings and high at the bottom surface of the wing. Fig. 6 shows the pressure
distribution around the airfoils at zero flap angle, calculated flutter velocity and swing AOA
up/down were zero value. Results show that the pressure on the lower surface of the airfoil is
high and the pressure over the upper surface is low only at positive AOA and vice versa which
produces inverse lift generation.
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Fig. 7 clarifies the dynamic pressure contour at flutter velocity, zero AOA and swing flap angle

which affect to the pressure contour even at zero AOA and symmetric airfoil. The velocity
distribution around airfoil was affected by the swing of AOA and flap angle. Fig. 8 displays the
velocity contour at swing of AOA and flap angle. It is clear that the maximum velocity was 31
m/s when AOA and flap angles at the same sign i.e. all up or down because it is a case of
symmetry. On the other hand when the angles reverse, the maximum velocity was 34 m/s and
this is asymmetry case.

4.2 Aeroelastic Response Results

The prediction of flutter speed was obtained by using the results of Eq.(11) where the flutter
speed is the value of speed corresponding to the speed at zero real part of one or more
eigenvalues which determined to be 25 m/s and compared with Conner et al 1997 which was
(20.6 m/s experimentally and 23.9 m/s analytically).The parameters used in the mathematical
models were taken from Conner et al 1997 and listed as follows: a = -0.5, b = 0.127 m, ¢ = 0.5,
s =052 m, my =1.2895kg, [, =0.01347 kgmz,lﬁ = 0.0003264kgm?,x, = 0.434, xXp =
0.01996,k, = 2818.8 N/m,S, = 0.08587 kg m, Sz = 0.00395 kg m,p =
1.225 kg/m3,¢; = 0.01626,¢, = 0.0115 and ¢; = 0.0113. The variations of the real parts
with wind speed are shown in Fig 9. Fig. 10 shows the comparison between present work and
experimental Conner et al 1997 for the response of pitch angle at wind speed 6.75 m/s.

Using MATLAB with fourth order Runge-Kutta method has been used for numerical
integration with a time step of (0.001) to solve the state-space Eq. (12). Time histories of plunge
response were shown in Fig. 11. The response determined with wind speed under, equal and
above flutter speed. The limit cycle oscillation of plunge amplitude is similar to harmonic motion
with speed under and equal flutter speed as well with above flutter speed but the peak value was
irregulars peak value with the complete cycle. This may be due to the relatively high unstable
values of the plunge displacement.

Pitch angle response converges with time at velocity 20 m/s which less than flutter speed as
shown in Fig. 12 which also shows the limit cycle oscillation continue at the same peak value (4
degree) and this happens at flutter velocity because the damping is zero at this speed where the
value of pitching angle reached to (7.4 degree) at 30 m/s wind speed.

Fig. 13 presents the response of flap pitching angle at degree with time at velocity 20 m/s, 25

m/s and 30 m/s it can be noted that the time histories was increased in the peak value and limit
cycle oscillation to be irregulars at wind speed above flutter speed value. The rates versus
displacement of plunge, pitching and flap pitching are shown in Figs. 14, 15 and 16 respectively
at calculated flutter speed. It can be shown that the behavior and values are symmetry about
stable zone which zero value as that the harmonically response which Theodorsen assumptions.

5. CONCLUSION

The objective of this study is to investigate the aeroelastic modeling and flutter analysis of a
three degrees-of-freedom airfoil section with trialing edge flap. The steady CFD solution was
used to present the aerodynamic characteristics with different freestream speeds, AOA and flap
angle, which showed that affect on the aerodynamic forces and moment especially flap angle
factor as shown from the pressure distribution and velocity distribution diagrams. Using a
standard state-space approximation to Theodorsen aerodynamics for two-dimensional
incompressible flow to the fourth order Runge-Kutta numerical integration of a piecewise linear
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system to predict the aeroelastic response and flutter behavior which verified with previous
experimental work. For experimental test of wing flutter response at velocity over flutter speed
was difficult because the risk of model shattering, theoretical investigation discuss the limit cycle
oscillation which irregulars response behavior at over flutter speed. The study compared this
irregular response with harmonically time histories which obtained at velocity under and equal
flutter speeds.
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NOMENCLATURE

AOA angle of attack, degree

a non-dimensional distance from airfoil mid-chord to elastic axis

b airfoil semi-chord

Pa Pascal, N/m?

S wing span, m

C(k) generalized Theodorsen function

CPU central processor unit

c non-dimensional distance from airfoil mid-chord to the control surface hinge line
Ci coefficients of Wagner’s function

h plunge displacement, m

k reduced frequency

L aerodynamic lift

M,, Mg aerodynamic moment of wing-aileron and of aileron

m mass of wing-aileron (per unit span), kg/m

m; total mass of wing-aileron and support blocks (per unit span), kg/m
Ty radius of gyration of wing-aileron

8 reduced radius of gyration of aileron

t time, sec

U free stream velocity, m/s

X, vector of augmented variables

Xq non-dimensional distance from airfoil elastic axis to center of mass
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Figure 2. Schematic of airfoil section with trialing edge flap.
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APPENDIX A. Theodorsen Constant in Egs. (3)-(5)
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ABSTRACT

This paper includes an experimental study of hydrogen mass flow rate and inlet hydrogen
pressure effect on the fuel cell performance. Depending on the experimental results, a model of
fuel cell based on artificial neural networks is proposed. A back propagation learning rule with
the log-sigmoid activation function is adopted to construct neural networks model. Experimental
data resulting from 36 fuel cell tests are used as a learning data. The hydrogen mass flow rate,
applied load and inlet hydrogen pressure are inputs to fuel cell model, while the current and
voltage are outputs. Proposed model could successfully predict the fuel cell performance in good
agreement with actual data. This work is extended to developed fuel cell feedback control system
using PID controller to stabilize the fuel cell voltage. Particle swarm optimization technique is
used to tune the PID controller gains. The voltage error and hydrogen flow rate are input and the
actuator of the PID controller respectively. Simulation results showed that using PID controller
with proposed model of fuel cell can successfully improve system performance in tracking
output voltage under different operating conditions.

Key words: fuel cell, hydrogen fuel, renewable energy, artificial neural networks, PID , Particle
swarm optimization
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1. INTRODUCTION

The fuel cell is a device that converts chemical energy into electrical energy and is more
efficient than the internal combustion engine in fuel conversion to twice or three times the
energy ,Ferng et al. 2004. The electrochemical cell uses to produce electrical energy
continuously through the supply of oxygen and hydrogen ,Kordesch, 1996. For a
hydrogen/oxygen fuel cell the inputs are hydrogen (fuel) and oxygen (oxidant) and the outputs
are dc power, heat, and water. In general, the hydrogen is oxidized to protons moving through
the electrolyte to the anode, as well as to electrons moving from outside the cell to the anode
where they will meet with oxygen is reduced to water takeaways. There are various types of fuel
cells developed and used over the years and can be classified either as types of fuel and oxidizer
or as electrolyte type or working temperature of the cell or by mechanism of reactants entry to
the cell, but the most common type of classification common is the classification cell according
to the type of electrolyte used. These types of fuel cells could produce electrical power ranging
from mille watts to megawatts. It could be used in a structure of portable electronic equipment,
vehicles, residential or in distributed power systems ,Mann, 2004.When pure hydrogen is utilized
no pollutants are produced, and the hydrogen itself could be generate from water using
renewable energy sources such that the system is environmentally benign. Practically hydrogen
was the best fuel for most applications. In addition to hydrogen several fuel cells could also use
carbon monoxide and natural gas as a fuel. In these fuel cells, carbon monoxide reacts with water
generating hydrogen and carbon dioxide, and natural gas reacts with water producing hydrogen
and carbon monoxide, the hydrogen that generated is then used as the actual fuel.
For the purpose of study and improve the performance of fuel cell , many different mathematical
models were proposed to speculation the behavior of voltage change with discharge current of a
fuel cell. Recently, theoretical modeling and programming simulation have been developed for
understanding better the fuel cell itself. Artificial neural network model has been provided useful
and reasonably accurate input—output relations because of its excellent multi-dimensional
mapping capability.
The neural networks architectures have been used for power analysis of fuel cell are multilayer
feed forward network, radial biased function network, generalized regression neural network and
adaptive neuro fuzzy interface systems ,Mohanraj, 2015.
K. Mammar et al. applied artificial neural networks for creating the optimal model of proton
exchange membrane (PEM) fuel cell. The ANN network had an input layer with three inputs:
partial pressures of hydrogen, partial of oxygen and cell operating current, one hidden layer with
10 neurons and an output layer with one outputs of fuel cell voltage. They create fuzzy logic
controllers to control active power of proton exchange membrane fuel cell (PEMFC). Their
results assured the high performance capability of the neural network to control power
generation.
B. Grondin et al.,Mammar, 2012. have been used A mechanistic and an artificial neural network
(ANN) model to depict all internal phenomena in a single-cell for PEM fuel cell .They
illuminate the benefits and drawbacks of the two different models using statistical error criteria.
In S. Rakhtala et al. ,Grondin,2014. work, a neural network model was used as control algorithm
of the fuel cell voltage to improve fuel cell performance. Air pressure was the control signal
applied to the system and fuel cell voltage was the output .The system behavior has been tested
under random current variations and compared to the fuel cell nonlinear dynamic model. J.
Zamoral et al. Rakhtala, 2011. presented the modeling of a PEM fuel cell system, by ANNs.
The selected ANN structure was validated for the transient state, during the start up of the
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system, and in steady state. The training strategy and the ANN topology were tested with a large
number of parameters and network structures, to obtain high precision results.

The primary purpose of this research is to build a model for fuel cell using neural networks. The
objective of this model is to estimate fuel cell power depend on training data: hydrogen mass
flow rate, hydrogen pressure, applied load, current and voltage. The training data are collected
from real tests measurements.

The automatic control of the fuel cell is very important case to improve the performance of it.
The present work is widened to investigate the performance of the fuel cell control system using
neural networks model and PID controller.

The proportional integral derivative (P1D) controller is widely used in the industry because of its
simple structure and robust performance within a wide range of operating conditions ,C.Kao,
2006. Unfortunately, it has been difficult to correctly adjust the gains of PID controllers because
many industrial systems have complex physics phenomena such as: high orders; time delays; and
nonlinearities.

In this paper a particle swarm optimization (PSO) technique is used to tune the parameters of the
PID controller for fuel cell.

2. FUEL CELL PERFORMANCE

2.1 Electrochemistry

In a fuel cell, there is no combustion processes because reaction takes place between fuel and
oxygen at low temperature and the products of reaction were electric current, heat and water.
Furthermore, they are environmentally friendly ,Parsons, 2000.

In PEMFC type fuel cell, hydrogen flow over the anode pole where it was decomposed
into electrons and protons (hydrogen ions). The hydrogen ions pass through the polymer
electrolyte membrane which considers the center of the cell ,Larminie, 2012. Then with the
oxygen at the cathode, the hydrogen ion reacts with oxygen to generate water. Electrons created
at the anode cannot pass through the membrane; therefore they flow through an external electric
circuit from the anode to the cathode. In fact, the electrochemical reactions and the physical
procedures, which occur at the cell poles, are very complex reactions. At the anode, hydrogen
gas must spread through the winding paths to meet the platinum particles, where the platinum
dismantle molecule of hydrogen to two atoms of hydrogen (H) and only then can the hydrogen
atom to disintegrate into a proton and an electron , the proton will pass through the membrane
towards the cathode and passes the electron through the outer circuit. This process is going
through several stages before it reaches its end .In fact, platinum is the only currently known
catalyst capable of shorthand to conduct this reaction at low temperature. Figl. represent a
diagram illustrating the structure and operation of PEMFC type fuel cell,

2.2 Efficiency

The important parameter has been used to measure energy conversion in fuel cells is fuel cell
efficiency which represents the ratio between the actual voltage produced in the fuel cell to the
maximum ideal voltage of fuel cell ,Kordesch, 1996.
The calculation of ideal voltage which could be produced from fuel cell can be made by carrying
out the process of energy balance between the initial state of the reactions in the chemical

reaction in the cell [HZ + %Ozj and the final state of reaction product HO.

The balance process has been representing by a Gibbs free energy. The maximum ideal voltage
of the cell (AE) at constant pressure and temperature is ,Kordesch, 1996.
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AE = AG / nf 1)
AG = AH —TAS @

where:

AG is the deference in Gibbs free energy
n is the number of moles of electrons

f  is Faraday constant

AH is the deference in enthalpy

T is the cell temperature

AS is the deference in entropy

The thermal efficiency of fuel cells can be representing as the ratio between the useful
electrical energy to the heat that is generated from fuel, that is, enthalpy of formation. Therefore,
the fuel cell maximum efficiency in the ideal state can be defined as the ratio between Gibbs free
energy to the enthalpy of formation, that is,

. AG
Efficiency = H (3)

The generated voltage is less than ideal voltage because of irreversible losses. There are three

types of irreversible losses which working on reduce the performance of the cell. These losses
are activation polarization, Ohmicpolarization, and concentration polarization ,Mann, 2000 and
Larminie, 2000.
There are several types of fuel cells which were developed and used during the last few years.
They are classified depending on the type of fuel and oxidant or type of electrolyte or cell
operation temperature or the reactants entering method to the cell, however, the common
classification is that of type of electrolyte used in the cell. The proton exchange membrane fuel
cell (PEMFC) is the most used for many reasons, the most important reason is it operates at
relatively medium temperature and the solid membrane it uses. Those reasons make this type of
fuel cells appropriate for various applications, especially in cars and other means of transport,
mobiles, computers and household appliances. The most important advantages are high energy
density and fast startup as well as simple structure and safety in operation fuel cell ,Youssef,
2010.

3. EXPERIMENTAL SETUP

The fuel cell unit is supplied with a stack of proton exchange membrane fuel cell (PEMFC)
with a rated power of 100 W. The stack is composed of 24 cells with the shape of channeled
plate that allows the air flow through the membrane. The membrane facilitates the hydrogen
flow, generating the electrons release. There are separating plates which conduct electricity,
allowing thus such electrons flow, between each pair of cell. The schematic of the experimental
setup and a photograph of the fuel cell unit are shown in Fig 2.
Cells are self- humidifying and do not require any type of external humidification. The stack has
an integrated fan able to provide the required air for the good operation and maintenance of the
operation temperature.
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Hydrogen storage represents one of the essential points regarding the hydrogen economy. For
that purpose, a canister of metal hydride (300L) is included. Internal pressure of the device is 8
bar at a room temperature of 20-25°C. It has discharge pressure of 15-20 bar, for that reason the
fuel cell unite also includes two pressure regulators. One of them is for it’s the installation in the
H2 cylinder in order to regulator the outlet pressure at 30 bar. The other is placed at the outlet of
the metal hydride canister in order to regulate the inlet pressure to the stack in a range of 0.4 —

0.5 bar. In additional, the unit includes two solenoid valves. One of them is located before the
stack. It controls the hydrogen inlet and when the unit is switched off, the valve is closed to
avoid any possible hydrogen leakage. This valve is automatically closed when the temperature of
the stack exceeds 65 ° C. The other valve is placed at the stack outlet. It purges outside the excess
of water and hydrogen for a correct operation.

Hydrogen storage represents one of the essential points regarding the hydrogen economy. For
that purpose, a canister of metal hydride (300L) is included. Internal pressure of the device is 8
bar at a room temperature of 20-25°C. It has discharge pressure of 15-20 bar, for that reason the
fuel cell unite also includes two pressure regulators. One of them is for it’s the installation in the
H2 cylinder in order to regulator the outlet pressure at 30 bar. The other is placed at the outlet of
the metal hydride canister in order to regulate the inlet pressure to the stack in a range of 0.4 —

0.5 bar. In additional, the unit includes two solenoid valves. One of them is located before the
stack. It controls the hydrogen inlet and when the unit is switched off, the valve is closed to
avoid any possible hydrogen leakage. This valve is automatically closed when the temperature of
the stack exceeds 65 ° C. The other valve is placed at the stack outlet. It purges outside the excess
of water and hydrogen for a correct operation.

The unit also has load regulation system. It enables the study of the generated electrical energy,
the representation of the characteristic operation curves and their comparison with theoretical
curve. It included a variable power, which enables to vary the generated current.

The whole electrical circuit of the stack is protected by a short circuit unit in case over current
(12A) and low voltage shut down (12V). In the event of one of these problems, the hydrogen
inlet solenoid valve is automatically closed.

Lastly, and as a result of the danger in the use of hydrogen, include a hydrogen leak detector
with a detection range from 0 to 2% Vol.

4. EXPERIMENTAL RESULTS

Figures (3), (4) and (5) show the effect of hydrogen flow rate and inlet pressure on fuel cell
performance parameters. The current density-voltage relationship for a fuel cell and operating
conditions (concentration, flow rate, pressure, temperature, and relative humidity) is a function
of Kkinetic (activation), ohmic, and mass transfer resistances. The current density vs. voltage
curve, shown in figure 3 at different inlet pressure, the figure is called as the polarization curve.
Deviations between the ideal equilibrium voltage and the polarization curve provide a measure
of fuel cell efficiency. These results give a good agreement with published results , Ferng,
2004, Rowe , 2001.

Electrical energy is gained from a fuel cell when a current is drawn, but the actual cell voltage
has been lowered from its equilibrium voltage because of irreversible losses due to several
reasons. Several factors give the irreversible losses in a practical fuel cell. The losses, which
were generally called polarization, formed primarily from activation polarization, ohmic
polarization, and gas concentration polarization. The activation loss is the first of these
polarizations, Performance loss due to slow reaction kinetics at either/both the cathode and
anode surfaces is called activation polarization. Activation polarization is related to the
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activation energy barrier between reacting species and it is primarily a function of temperature,
pressure, concentration, and electrode properties. The reactions can also play a role in activation
polarization. Kinetic resistance rules the low current density portion of the polarization curve,
where deviations from equilibrium were small. At these conditions, reactants were plentiful (no
mass transfer limitations) and the current was so small that ohmic (iR) losses were negligible.

Performance loss resulting from resistance to the flow of current in the electrolyte and through

the electrodes is called ohmic polarization, the ohmic polarization change with the current
increase. Ohmic polarization is present using Ohm’s Law (V=iR), where i is current density
(mA/cm?) and R is resistance (W-cm?), and command in the linear part of the current density-
voltage curve as shown in figure 4. The concentration losses happen significantly at all range of
current density [Chou, 2003].
Concentration polarization has been happen when a reactant is interacting on the surface of the
electrode cause a concentration gradient between the gas and the surface. Concentration
polarization has been affected by concentration and flow rate of the reactants, the temperature of
fuel cell temperature, and the structure of the gas diffusion layer and catalyst properties ,Mann,
2000.

Numbers of processes have been caused the formation of the concentration polarization.
These are (1) diffusion difficulties of the gas phase in the electrode pores, (2) solution formation
of reactants into the electrolyte, (3) dissolution formation of products out of the system ,Chou,
2003.

In Fig 3. it can be seen that the increase of operating inlet pressure leads to decrease of losses,

which mean high voltage output. An increase in operating pressure has several positive effects
on fuel cell performance. The partial pressures of reactant gases, solubility, and mass transfer
rates are higher at higher pressures. The electrolyte loss by evaporation is reduced at higher
operating pressures. The system efficiency is increased by the increase in pressure.
This is evident from Fig4. where can be observed decrease cell efficiency with the increase in
operating pressure. As can be observed decrease in efficiency with increasing hydrogen flow rate
so that the maximum efficiency of the cell was at low current densities and high voltage due to
increased losses with increasing current density as described in Fig4. In fact, as the current
density is decreased, the active cell area must be increased to obtain the desired amount of
power.

The variation of power with current density is shown in Fig5. Where power increased with
current density increase, it is normal and seems logical to design the cell to operate at the
maximum power that peaks at a higher current density. However, operation at the higher power
will mean operation at lower cell voltages or lower cell efficiency. Setting the operating point at
the peak power density may cause instability in power control because the system will have a
tendency to oscillate between higher and lower current densities around the peak. It is normal
practice to operate the cell at a point towards the left side of the power peak and at a point that
yields a compromise between low operating cost (low current density) and low capital cost ( high
current density).

4. Fuel cell modeling

A fully connected feed forward multi-layer configuration using back propagation learning
algorithm was implemented to model the fuel cell. This type of ANN has a strong ability to
express complex non-linear mapping and has already found wide ranging applications
,Khandekar, 2002.
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The structure of this type of ANN usually consists of an input layer, hidden layer (one or more)
and an output layer. Each layer has some nodes representing artificial neurons. Each node
connected to the nodes of its preceding layer through adaptable weights ,Latha, 2010. Individual
neurons have limited ability of calculation and expression but when they connect with each
other, the whole network achieves ability to model complex functions. A network accepts an
input vector and generates a response in the form of an output vector as shown in Fig6.

The concept of learning of neural networks related to finding the values of weights such that the
error condition was minimized. The error is the difference between the actual output vector to
the estimated output vector by neural networks and the resulting error back propagates to alter
the connecting weights in the direction of reducing the error. This process does running many
times until the error reaches to the lowest possible value. Then the network holds the weights
constant and becomes a valid model for prediction. ,Latha, 2010.

In this work, the pressure, mass flow rate and generated power are considered as inputs to
the network. The current and voltage are network output. In present work, ten nodes in hidden
layer are adopted. Mean squared error concept has been used to express about the error incurred
during the learning as shown in equation (4)

1
Error = EZ(Vact _Vest)2 + (Iact - Iest)2 (4)
1

where m is the number of patterns Vq is actual voltage, Ve is estimated voltage by neural
networks model, la is actual current, and le is estimated current by neural networks model.
The algorithm of the neural networks for fuel cell model is carried out using MATLAB version
2012.

A training set of 36 patterns is used with a learning rate of 0.1. After 12 epochs, the output of
the neural network is approximated to the actual output (voltage and current) as shown in figure
(7). The error is equal to 7.4 e® for excellent learning of fuel cell model as shown in Figs.

5. PID CONTROLLER

The presented PID Controller in this work has been consisted of classic PID controller, direct
closed-loop control of controlled objects and particle swarm optimization (PSO) technique to
find PID controller parameters K, ki; and kq to reach optimization of control performance index
according to system operating condition as shown in Fig9. The plant is fuel cell model based on
neural network which is described in previous section.

In PSO algorithm, the system has been initialized with particles of random solutions, which ,
and each potential solution has been also assigned a randomized velocity. Each particle adjusts
its trajectory towards its best solution (fitness) that is achieved so far. This value is called pbest.
Each particle also modifies its trajectory towards the best previous position attained by any
member of its neighborhood. This value is called gbest. Each particle moves in the search space
with an adaptive velocity .

The particles have been evaluated using a fitness function to see how close they are to the
optimal solution .

V7 =V, + ¢ rand, (pbest, — 1) +c,rand, (gbest," — (5)
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m+1 m m+1
Xt =%+ (6)

i,n
where
V," is the velocity of the i particle at m™ iteration.

xm s +th : th ;
i n IS the position of the i particle at m™ iteration.

I is number of particles.

n is the dimension of particle.

¢y and c; are the acceleration constants with positive values equal to 1.17.
rand; and rand, are random numbers between 0 and 1.

pbest, IS best previous weight of i particle.

ghest, is best particle among all the particle in the population.
In present analysis, AK/™ =V/"* = AKT'=V{T and K =x" ,where K are the parameters

Kp, K,and K, of the PID controller. The mean square error function is chosen as criterion for
estimating the model performance as equation (7)

=0 W, (M) Vo, (m D)) ™)

where p is number of samples, Vi is desired voltage and V, is fuel cell output voltage.

6. Simulations Results

In this section, the performance of proposed fuel cell model with PID which its parameters
have been tuned by PSO is tested .The task of present controller assumes the fuel cell must give
desired voltage when the load has been applied on it. This means the time history responses of
fuel cell voltage under different working condition have been tested using suggested PID
controller as shown in Fig10. It can be seen from this figure, the suggested PID controller is able
to make the fuel cell gives the desired voltage (18 volt) at short time not exceed 1sec depending
on the operating pressure and load. The pressure changes 0.4, 0.45 and 0.5 bar , while the load
(power) is applied at values of 50,80,and 100 W. The responses seem smoothly and without over
shoot. These results show the voltage output reaches the desired value quickly as applied power
decreases.
Fig 11. show the time history responses of hydrogen mass flow rate. it can be seen from this
figure, the controller give more mass flow when the pressure decreases .Also, when the applied
load increases from 50 to 100 W the mass increases by 29% ,42% and 73% at pressure 0.4,0.45
and 0.5 bar respectively.

7. CONCLUSIONS

The performance of the fuel cell is studied experimentally. The experimental results
appear that the polarization curve is identical with the theoretical polarization curve of fuel cell
where the three types of losses are clear and showed the same behavior known of the cell. The
hydrogen inlet pressure increased has a significant effect on the performance of fuel cell where
the losses are decreased when the inlet pressure increase. The fuel cell efficiency decrease with
the increase the operating pressure and hydrogen flow rate. The maximum efficiency of the cell
was at low current densities and high voltage.
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The operating point the fuel cell must be selected so that the power output greater as possible,
taking into consideration both of the cell voltage and efficiency were their being inversely
proportionate with the power output.

A fuel cell model based on artificial neural networks with back propagation algorithm is
successfully trained, validated and used for prediction the performance of fuel cell under
different working conditions. The using of neural networks to model complicated physical
systems is very good choice because it deals with the input —output data of the systems
regardless of the composition source.

Also, in this paper, PID controller with PSO technique for tuning its gains is used to control
output voltage of fuel cell under different pressure and applied load. Present controller can offer
good performance with fast response and without overshoot. This response reflects the fuel cell
speed access to the required operating conditions, and this feature is one of the most important
features that are characterized by fuel cells for mechanical engines.

Finally, the increase in pressure may decrease the controller power and the Consumption of
hydrogen.

Also, in this paper, PID controller with PSO technique for tuning its gains is used to control
output voltage of fuel cell under different pressure and applied load. Present controller can offer
good performance with fast response and without overshoot. This response reflects the fuel cell
speed access to the required operating conditions, and this feature is one of the most important
features that are characterized by fuel cells for mechanical engines.

Finally, the increase in pressure may decrease the controller power and the Consumption of
hydrogen.
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cell at different operating conditions
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ABSTRACT

This research is carried out to investigate the externally post-tensioning technique for
strengthening RC beams. In this research, four T-section RC beams having the same dimensions
and material properties were casted and tested up to failure by applying two mid-third
concentrated loads. Three of these beams are strengthened by using external tendons, while the
remaining beam is kept without strengthening as a control beam. Two external strands of 12 mm
diameter were fixed at each side of the web of the strengthened beams and located at depth of
200 mm from top fiber of the section (dys). So that the depth of strands to overall depth of the
section ratio (dys /h=0.8). For each strengthened beams, the strands have been tensioned by using
a hydraulic jack with constant stress of 600 MPa. The main parameter conducting in this
research is the strengthening length ratio (Ls/L) which is equal to the length of strengthening
region (Ls) divided to the length of beam (L), these ratios are 0.83, 0.67 and 0.50. The
experimental results showed that this technique for strengthening is efficient for reducing cracks
width and increasing first cracking, service cracking and ultimate load capacities. The percentage
increasing in first crack loads were 100%, 133% and 167%, for service crack loads (0.3 mm)
were 63%, 75% and 88% and for ultimate loads were 78%, 89% and 67% for strengthening
length ratios 0.83, 0.67 and 0.50 respectiviely as compared with the control beam.

Key words: post-tensioning, externally, strengthening, T- section, strands.
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1. INTRODUCTION

The repairing and strengthening of deteriorated and substandard structures has become one of the
important challenges confronting civil engineering worldwide. There is a significant and
growing need for the strengthening of RC structures. In other hand, the decision to rehabilitate
or replace a structure depends upon its importance, the severity of the damage, the availability of
resources, and the economic factors. While replacement of a structure is generally costly and
time consuming, strengthening techniques that make efficient use of labor and economic
resources provide attractive alternatives to new construction. Rehabilitation can extend the life of
a structure, or if a building or a bridge is to be replaced, temporary repairs can return a critical
structure to service until a replacement is operational, Balbool, 2009. External post-tensioning
technique is considered one of the most powerful techniques that have been used for
strengthening concrete structures because of ease of installation of the strands and reduced or no
interruptions to the regular function of the structures. The advantage recorded previously, that
the tendons were placed on the web of concrete beams; on the contrary the analysis and design of
the strengthened members were more complicated, Tan, and Ng, 1997.

This study will be spot-light on the behavior of externally prestressed RC T-beams. External
tendons are not bonded to the concrete, are free to move between the deviator, and have a nearly
constant stress along their lengths. In the present study, the effect of the strengthening length
ratio (Ls/L) which is equal to the length of strengthened region (Ls) divided to the length of beam
(L) will be conducted. Stresses increment for rebars and strain in concrete at critical section also,
the first crack, service and ultimate load capacities are also adopted in this study.

2. OBJECTIVES

The main objective of this study is:

1. Predicting the first cracking, service and ultimate load capacities of RC T-beams
strengthened by using external prestressed tendons that subjected to short-term loading. In
addition, determine the percentage increasing in these load capacities as compared with beam
without strengthening.

2. Ability of installation of externally strands at a distance from supports with governed the
purpose of strengthening.

3. Estimating the optimum position to fix the external strands without effected on the behavior
of strengthened member.

3. LITERATURE REVIEW

Cooke, et al., 1981. conducted an experimental investigation to study the effect of (L/dys) ratio
and the amount of prestressing steel on the stress at ultimate stage in unbonded tendons. They
tested nine simply supported fully prestressed one-way slabs with unbonded tendons. The slabs
were divided into three groups with varying (L/dps) ratio. Each group had a varying amount of
prestressing steel.

Yaginuma, and Kitada, 1988. tested three series of unbounded partially prestressed
concrete beams. All beams were strengthened using straight tendons covering whole length of
the beams. Two (L/dys) ratios of 18 and 32 were taken into account. They concluded that the
stresses in prestressed strands increased as decreasing (L/dys) ratio.

Harajli, and Kanj, 1992. tested 16 RC beams. These beams were externally strengthened
using steel tendons along the beams and subjected to cyclic fatigue loading. They concluded that
using a straight horizontal profile is less effective in increasing the flexural capacity than a
deviated profile due to reduction in depth of the straight strands throughout loading.
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Tan, and Ng, 1997. tested six T-section RC beams, each of 3.3 m in length. The beams
were externally strengthened with external strands along the span. They used straight and draped
tendons for comparison. They concluded that, the beams with draped tendons showed wider
spread of cracks, greater tendon stress increase and greater ductility compared with beams of
straight tendons.

Tan, et al., 2001. conducted two series of simply supported T section-RC beams, one
strengthened with external steel tendons and the other with carbon FRP tendons. They concluded
that the exterior tendons anchored at inter-span locations could efficiently enhanced beams
capacity.

Ng, 2003. tested seven T-section RC beams strengthened with external tendons with
constant strand depth of 200 mm. It concluded that the span to depth ratio has insignificant effect
on the tendon stress at ultimate stage in externally prestressed beams. Also he proposed a
modified bond reduction coefficient for evaluation the flexural strength of externally prestressed
beams based on strain compatibility and force equilibrium.

Sivaleepunth, et al., 2005. conducted an experimental investigation on RC beams with
external tendons by varying the geometry of loading whether it is one-point loading or two-point
loading. A comparison has been done of the experimental results with the results of prediction
equations recommended by ACI 318M-99 and AASHTO LRFD design codes. It is found that all
beams have similar behavior and first cracks observed in the midle of beams.. Also, it is found
that the flexural cracks occurred at approximately 50% of the ultimate load.

4. MATERAILS USED FOR CASTING BEAMS

4.1 Concrete

The ingredients of concrete are: cement, fine aggregate, coarse aggregate and mixing water. An
ordinary strength concrete mix was prepared using Portland cement (Type 1V). For all beams,
the cylindrical compressive strength of concrete (f;) was 30 MPa at 28 days.

4.1.1 Cement

Sulphate resistance Portland cement from Karbala city company plant popular name (Lafarge
Bridge) is used throughout this investigation. All quantity of cement was tested chemically and
physically. The properties conform to the Iraqi Specifications No. 5, 1984. for Portland cement
and British standard, this test was conduct with the help of laboratory of southern cement
company.

4.1.2 Fine aggregate

Natural sand from Al-Akhaidher quarries in Karbala city has been used for concrete mixes. The
fine aggregate has (4.75mm) maximum size with rounded-shape particles and smooth texture
with fineness modulus of (2.84). The sand has been washed and cleaned with water several times
and conform to the lraqi specification No.45, 1984,

4.1.3 Coarse aggregate
Crushed gravel from Al-Sudor region whith maximum size of 15 mm has been used throughout
this research. The crushed river coarse aggregate was washed. The specific gravity and
absorption were (2.66) and (0.66%) respectively and conform to the Iraqi specification No.45,
1984.

Slump test is the direct method which it gives measure to workability for concrete mix. So
that, in the present study the slump is taken 75 to 100 mm that make the mix medium
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workability. The curing of concrete is achieved normally by spray water for 28 days with
covered the beams with roughness clothes.

4.2 Steel Rebars

Three sizes of deformed bars have been utilities in the present study which their diameters are:
$8 mm, $10 mm and ¢$10 mm with yield stresses (fy) of 530, 559, and 615 MPa respectively
conform to ASTM standard A615.

4.3 Stress-Relived Strands

conform to ASTM standard A416. These strands of ¢12 mm in diameter were made from seven
wires by twisting six of them around one wire which is slightly larger than them. The ultimate
strength and the modulus of elasticity were 1860 MPa and 190000 MPa respectively.

5. EXPERIMENTAL WORK

5.1 General

The experimental work is based on casting and testing up to failure four T section-RC beams
having the same dimensions and internal reinforcement. Three of these beams have been
strengthened by using external tendons (strands), while the remaining beam is kept without
strengthening as a control beam. The primary effect is the length of the strengthening region (Ls).
Where part of the span is strengthened to enhance the flexural behavior of simply supported T
section-RC beams.

5.2 Specimens

All specimens were reinforced concrete with T-section having dimensions as: hf =75 mm,
bf=350 mm, b,= 150 mm and h=250 mm. The total length of the specimens is 3200 mm and the
effected length (L) is 3000 mm. These beams were internally reinforced by 2¢12 mm as bottom
reinforcement (tensile reinforcement), 410 as top reinforcement (compressive reinforcement)
and ¢8 mm@100 mm as stirrups (shear reinforcement). All four beams were subjected to two
mid-third concentrated loads up to failure. Fig. 1 shows the full details and setup of the tested
beams.

Two external strands of diameter 12 mm (cross-sectional area of 98 mm?) have been fixed at
each side of the web of the strengthening beams and located at eccentricity (e) of 200 mm from
center of gravity of the section, C.G.C, (or depth of strands=200 mm from top fiber of the
section, dys) with one deviator at mid-span so that the depth of strands to overall depth of the
section ratio (dys /h=0.8). A special anchorage system has been achieved to fix these external
tendons with the web of the strengthened beams.

The main parameter conducting in this research is the strengthening length ratio (L¢/L)
which is equal to the length of strengthening region (Ls) divided to the length of beam (L). In this
research the strengthening ratios were 0.83, 0.67 and 0.50.

The tested beams is remarked as AT-0, AT-1, AT-2 and AT-3. AT-0 is the control beam
and the three beams (AT-1, AT-2, and AT-3) are strengthened beams. The remark at the end of
symbol of the beams refers to the strengthening region (Ls), where number (1,2and 3) refers to
(2500,2000, and 1500) mm (L) respectively as shown in Fig. 2. Also, Table 1 illustrates the
properties of the strengthened beams.
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5.3 Anchorage System

Two plates with dimensions of 200 by 200mm and thickness of 10 mm have been bent to form
an angle-shape section with unequal legs of 120 mm and 80 mm. These angle-shapes were then
welded back to back together and with additional stiffeners to form a shape that able to resist any
expected deformation when subjected to load as shown in Fig. 3. The mechanical transfer system
has been attached by drilling four holes in the web of beams at distances according to
strengthened length (Ls) required for each strengthened beam and then fixed with bolts.

5.4 Deviator

To reduce second order effect, one deviator was used at mid span for all strengthened beams.
This deviator was fabricated from a plate of 6 mm thickness surrounding beam web in the
bottom and welded to perpendicular stiffener plates on both sides as shown in Fig. 4.

5.5 Jacking Process

The maximum initial post-tensioning prestressed stress was 600 MPa. To control the stress of
strands, a balance device has been used as shown in Fig. 5 to insure distributed load neutrally
and avoided laterally deformation.

5.6 Mesuring Devices

In the present study, device equipments are provided such as hydraulic jack for post-tensioning
requirements, universal testing machine for applying load, strain tools measurement, crack width
tool, and dial gauge for recording central deflection.

6. EXPERIMENTAL RESULTS
All beams were tested up to failure by applying two mid-third point load with load division of 7
kN. This test is carried out using a universal testing machine with full capacity of 200 ton.

6.1 Crack Pattern

The first cracks for beam AT-0 (control beam) propagated at load 21 kN, spread and distributed
along the span. Seven to eight cracks at each side beyond the center line of the beam were
appeared, their length were ranged between (67 to 171) mm. The cracks within the zone of pure
bending moment were longer than the cracks outside this zone. However, as the load increased,
the cracks moderately propagated upward to the flange through few steps after first cracking
load. Increasing load caused cracks progressed upward rapidly and significantly until they
reached their final length which ranged between (190 to 220) mm at ultimate load of 63 kN. It is
worth to mention that at load 56 kN, the crack width was 0.3 mm. So that according to ACI
committee R224-07, this load is considered as a service load. Fig. 6 shows the crack pattern at
three stages of loading, first crack, service and ultimate stages of loading.

For strengthened beam AT-1 (Ls/L=0.83) at load step 42 kN, only five short cracks were
appeared at each side beyond the center line of the beam within the pure bending moment zone
with length ranged between (47 to 99) mm. These cracks were very small in length. Accordingly,
as load increased, the cracks were progressed and increased in length upward to compression
zone with generated new cracks outside the pure bending moment zone. The service load was 91
kN which corresponding to crack width of 0.3 mm. These cracks were progressed continously
till they reached their final length which ranged between (97 to 148) mm. The ultimate load at
this stage was 112 kN. Fig. 7 shows the crack pattern generated in this beam.

For strengthened beam AT-2 (Ls/L=0.67), Eight cracks were appeared at load step 49 kN.
These cracks were spread and distributed within the pure bending moment zone, their length was
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ranged between (68-138) mm. Increasing load caused a slightly increasing in crack width and
length. The service load was 98 kN with increasing the crack width to 0.3 mm at this load. The
ultimate load was 119 kN and the cracks reached their final length as shown in Fig 8. From this
figure, it could be noted that inclined cracks were created outside the strengthening region and
beyond the anchorage system.

For strengthened beam AT-3 (Ls/L=0.50), only two cracks at each side of the beam were
noticed at load 42 kN outside the strengthening region with very small width. Thereby, when the
load increased up to 56 kN, the cracks length had increased outside the strengthened region with
generating new cracks within the strengthening zone their length ranged between (108 to 115)
mm. As the load increased, the cracks were increased and directed toward the compression
flange till failure at load 105 kN. It is worth to mention that at this load the crack width was 0.3
mm, so that this load is also considered as service load. This cracks pattern is similar the result
of further study, Tan, and Ng, 1997. Fig. 9 shows the stages of loading for this beam.

Fig. 10 shows all tested beams after failure. Also, the results obtained from these four tested
beams could be summerised as illustrated in Table 2. From this table, It can be noticed that the
percentage increasing in first crack loads were 100%, 133% and 167%, for service loads were
63%, 75% and 88% and for ultimate loads were 78%, 89% and 67% for strengthening ratios
0.83, 0.67 and 0.50 respectively as compared with the control beam.

The load-cracks width curve for all tested beams is shown in Fig. 11. It could be noticed
from this figure that, when reducing the strengthening ratio (L¢/L), the width of cracks at same
level of load is reduced, due to increase the stiffness of the member within the strengthening
zone.

6.2 Failure Mode

When a concrete member has a low steel ratio, that mean steel yielding before concrete crushing.
In this research, all tested beams were designed with low steel ratio. The failure mode was
predicted by measuring concrete strains at mid-span section of beams according to readings
obtained from demec points throgout loadings. While, stresses in the ordinary reinforcement
were calculated as strains at steel level (ds) multiplied by steel modulus of elasticity but no
greater than yield stress. Forgoing, the test focused on the member when failed only by yielding
steel or crushing concrete. The control beam was failed by yielding of bottom steel but the
stresses of concrete at top fiber was less than the ultimate strain. Generally, strengthened beams
by external tendons have been enhanced slightly the strains in concrete and stresses in ordinary
steel as compared with control beam at the same level of load. As decreasing (Ls/L) ratios from
0.83 to 0.5, the strains in concrete and the stresses in steel rebars were decreased at the same
level of load as shown in Figs. (12 and 13) respectively. From Fig. (13) it could be noticed that
the stresses in steel rebars for strengthened beams at transfer stage of loading having a negative
signs. This is because the cambering effect due to strands tensioning.

6.3 Curvature

The results viewed with decreasing the strengthening length ratio from 0.83 to 0.5, the curvature
is reduced as compared with the control beam due to increase the stiffness of beams due to
strands effect. Fig. 14 shows the moment-curvature responses at mid-span section for tested
beams. For strengthened beams, the curvature values at early stages of loading having
approximately constant values this behavior might be due to constant moment within
strengthened region. Also, it is clear form this figure that at transfer stage when strands have
been tensioned, the curvature values have negative sign due to camber effect. The curvature is
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depends on concrete top and bottom extreme strains fiber recorded throughout the test. Eq. (1) is
used for uncracked section. While, Eq. (2) is used for cracked section.

_ Ecbi—Ecti

0 =—=—= 1)
_ &cdi

0, =+ (2)

Where ¢; is the curvature at load step i.
€chi 1S the bottom extreme strain fiber of concerete at load step i.
eci 1S the top extreme strain fiber of concerete at load step i.
ecdi 1S the concrete strain at depth d above the neutral axis at load step i.

6.4 Load-Deflection Response

Central deflection has been recorded for each beam during the test by using dial gage located at
mid-span of beam. The load-deflection responses for the strengthened beams were significantly
stiffer than the control beam because of greater flexural rigidity (EI) for strengthened beam than
control beam. Decreasing (Ls/L) ratio from 0.83 to 0.5 caused increasing in deflection within the
inter range of loading, because the value of (EI) decreased as decreasing strengthening ratio. Fig.
15 shows the load-mid span deflection cuvers for tested beams.

The ACI Code 318M-11, limits the maximum permissible deflections to L/180 (Ds2), or
L/360 (Ds1) for immediate deflection due to live load. The first limitation is for members which
are not likely to be damaged by large deflection. While, the second limitation is for members
which are likely to be damaged by large deflection.

6.5 Stresses of Strands

Strain in strands is determined by measuring the displacement between two demec points
dividing by the distance between them. On the other hand, stresses in the strands within the
elastic range are calculated by Eq. (3). Increments of strands stresses above initial stress
(600MPa) are shown in Fig. 16. Increment stresses in strengthening beams are approximately
similar this is because of constant (dys /h) ratio which equal to 0.8. Increment strand stresses
measured experimentally by applying Eg. (3) and predicated analytically by applying Equation
(18-4) of the ACI Code 318M-11 are presented in Table (3).

Afps =A&ps % Eps (3)

Where Afps is the increment of strand stress
Aé&ps 1s the increment of strand strain
Eps is the modulus of elasticity of the strand

7. CONCLUSIONS

1. Generally, using external strands technique for strengthening RC beams is effecient to
increase beams capacities.

2. Decreasing strengthening length ratio affected on delaying the appearance of first cracks.

3. Decreasing strengthening length ratio lead to increasing first cracks load, service cracks load
and ultimate loads. The percentage increasing in first crack loads were 100%, 133% and 167%,
for service loads were 63%, 75% and 88% and for ultimate loads were 78%, 89% and 67% for
strengthening ratios 0.83, 0.67 and 0.50 respectively as compared with the control beam.
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4. Strengthened beams by external tendons would enhanced slightly the strains in concrete and
stresses in ordinary steel as compared with control beam. As decreasing (L¢/L) ratios from 0.83
to 0.5, the strains in concrete and the stresses in steel rebars were decreased at the same level of
load.

5. The results viewed with decreasing the strengthening length ratio from 0.83 to 0.5, the
curvature is reduced as compared with the control beam due to increase the stiffness of beams
due to strands effect.

6. Increments of strands stresses above the initial stress is approximately similar for all
strengthened beams due to constant (dps /h) ratio.

REFRENCES

> ACI Committee 224, 2007, Causes, Evaluation, and Repair of Cracks in Concrete Structures
(ACl 224.1R-07), American Concrete Institute, Detroit.

» ACl Committee 318, 2008, Building Code Requirements for Reinforced Concrete and
Commentary (AClI 318M-08 and ACI 318RM-08), American Concrete Institute, Detroit.

» ASTM Designation A416/A416M-06, 2006, Standard Specification for Steel Strand, Uncoated
Seven-Wire for Prestressed Concrete, Annual Book of ASTM Standards, American Society for
Testing and Materials, Philadelphia, Pennsylvania, vol. 1.03.

» ASTM Designation A615/A615M-01b, 2001, Standard Specifications for Deformed and Plain
Billet-Steel Bars for Concrete Reinforcement, Annual Book of ASTM Standards, American Society
for Testing and Materials, Philadelphia, Pennsylvania, vol. 1.04.

> Balbool, A. N. A., 2009, Prestressed Fiber Reinforced Polymer (FRP) For Strengthening of
Concrete Members, University of Baghdad, College of Engineering, Civil Engineering
Department

» Cooke, N., Park, R., and Yong, P., 1981, Flexural Strength of Prestressed Concrete Members
with Un-bonded Tendons, PCI Journal, VVol. 26, No. 6, PP. 52-81.

» Harajli, M.H., and Kanj, M., 1992, Service Load Deflection of Concrete Members Prestressed
with Unbonded Tendons, Journal of Structural Engineering, ASCE, Vol. 118, No. 9, PP.2569-
2588.

» lIraqi Specification No. 5, Portland Cement, Baghdad, 1984

> lIraqi Specification No. 45, Natural Sources for Gravel That is Used in Concrete and Construction",
Baghdad, 1984

» Ng. C. K., 2003, Tendon Stress and Flexural Strength of Externally Prestressed Beams, ACI
Structural Journal, Vol. 100, No. 5, PP. 644-653.

146



Number 12 Volume 21 December - 2015 Journal of Engineering

» Sivaleepunth, C., Niwa, J., Tamura, S., and Hamada, Y., 2005, Flexural Behavior of Externally
Prestressed Concrete Beams by Considering Loading Application, Technical Paper, VVol.27, No.2,
PP. 553-558.

» Tan, K.H., and Ng, C. K., 1997, Effects of Deviators and Tendon Configuration on Behavior of
Externally Prestressed Beams, ACI Structural Journal, VVol. 94, No. 1, PP. 13-22.

» Tan, K.H., Ng, C. K., and Al-Farooq, M. A., 2001, Behavior of Simple-Span Reinforced Concrete
Beams Locally Strengthened with External Tendons, ACI Structural Journal, Vol. 98, No. 2, PP.
174-183.

» Yaginuma, Y., and Kitada, Y., 1988, Influence of Span on Behavior of Partially Prestressed
Concrete Beams with External Cables, Transactions of the Japan Concrete Institute, Vol. 10, PP.
409-416.

NOMENCLATURE

ds depth of ordinary reinforcement from top fiber of the section
dps depth of strand from top fiber of the section

El flexural rigidity

E,s modulus of elasticity of the strand

f; cylindrical compressive strength of concrete

f,  yield stress of steel reinforcement

h  overall depth of the section

L length of beam

Ls length of strengthened region

RC reinforced concrete

Afps increment of strand stress

A &s increment of strand strain

echi  bottom extreme strain fiber of concerete at load step i.

edi  concrete strain at depth d above the neutral axis at load step i.
eqi  top extreme strain fiber of concerete at load step i.

¢i curvature at load step i.
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Figure 2. Strengthened beams layout (all dimensions are in mm).
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Figure 5. Jacking prosses to balance the force.
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Figure 8. Cracks pattern for strengthened beam AT-2 (Ls/L=0.67).
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Figure 12.
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Table 1. Properties of the strengthened beams.

Beam Strengthening (Lg/L) Configuration Depth of (dps/h)
designation length (L) Ratio of strand strand Ratio
9 mm (dps) mm
AT-0 Control Beam
AT-1 2500 0.83 Straight 200 0.8
AT-2 2000 0.67 Straight 200 0.8
AT-3 1500 0.50 Straight 200 0.8
Table 2. Properties of the strengthened beams.
1 0 0,
First crack Service Ultimate % . % . %
crack load Increasing Increasing .
Beam load (P¢,) load (Py) oo . . Increasing
- . (Po)* in first in service . .
designation kN kN . - in ultimate
kN cracking cracking
load
load load
Control beam 21 56 63 - - -
AT-1 42 91 112 100 63 78
AT-2 49 98 119 133 75 89
42 56 100 | 167
AT-3 out | In 105 105 out n 88 67
% Increasing = P(strengthened)—P(control) %« 100
P(control)
*Crack width=0.3 mm
Table 3. Stresses in strands
fpsY fps U fps MPa
Beam (LJL)Ratio |¥psY | dpsU MPa MPa | ACI Code
designation MPa MPa
Jps=Afps+fpe Eq. (18-4)
AT-1 0.83 293 397 893 997
AT-2 0.67 334 401 934 1001 786
AT-3 0.50 328 928

Y,U the value of stress increment in yield and ultimate stages.

fpe =600 MPa
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Duct of Arbitrary Cross Section Area
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ABSTRACT

A simple straightforward mathematical method has been developed to cluster grid nodes on
a boundary segment of an arbitrary geometry that can be fitted by a relevant polynomial. The
method of solution is accomplished in two steps. At the first step, the length of the boundary
segment is evaluated by using the mean value theorem, then grids are clustered as desired, using
relevant linear clustering functions. At the second step, as the coordinates cell nodes have been
computed and the incremental distance between each two nodes has been evaluated, the original
coordinate of each node is then computed utilizing the same fitted polynomial with the mean
value theorem but reversibly.

The method is utilized to predict Nusselt number distribution in a hybrid cross section area
duct, non-circular non-rectangular, for laminar incompressible flow under Uniform Wall
Temperature condition. The results have been compared with the published data and the
agreement has been found very well.

Key words: heat transfer, grid generation, clustering.
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1. NTRODUCTION

For computational fluid dynamics problems, grid clustering in regions of high gradients of
variables is of vital importance. It is obvious that one of the most regions of high gradients is
at the vicinity of wall.

For a straight-line boundary segment such as rectangular cross section duct inlet, room
walls ...etc., the clustering is straightforward and linear clustering functions are available in
many related CFD books. For example Robert in 1971 proposed a family of general
stretching transformations, Tannehill, et al., 1997, represented a set of linear clustering
functions. Some of these clustering functions are adapted here.

Usually grids clustering are made along a straight line (along one Cartesian axis) by
adapting one of the linear cluster function. For curved segment, nodes have a variable X, y
coordinates and these cluster function are not applicable directly.

Generally, and especially for strongly curved segments, it is not convenient to
approximate the curved boundary as a straight line. For example when solving for flow
around an airfoil, airfoil cannot be approximate as a rectangular.

Now days, the majority of CFD researchers are using a commercial CFD package to
generate grids externally and internally for curved geometries and solving for flow variables.
The body fitted coordinate system is the default coordinates system used to describe such
geometries.

But for researchers who are interest in programming the governing equations rather using
a commercial CFD package will face a real problem in clustering for such curved segments.

A simple procedure is suggested, developed and presented here to cluster grids along
boundary segment of an arbitrary geometry. The method is utilized to predict Nusselt number
distribution along a duct of hybrid cross section area for laminar incompressible flow under
uniform wall temperature condition. The cross section area is quadrilateral which consists of
two straight segments and two curved segments. The results were compared with the
published data.

2. MATHEMATICAL REPRESENTATION.
The following stretching function is preferable in s-direction for a straight line, Tannehill,
et al., 1997, which clusters grids towards segment ends:

{B+[sRa+1)/L] — 2a}

n=a+(1—a)*1n{5 [sQa + 1)/L] + 2a}

/I[(B+1D/B-D] (D)

Eq. (1) describes the clustering in the computation domain. It must be inverted in order to
express (s) as a function of (n) in the physical domain, as:

(m- ) {,3 + [sa+1)/L] - 2a}
= MB+D/E-Dl= e s I+ 203

(n-a)

[(B+1)/(B— DD ={B+[sQa+1)/L] - 2a}/{B — [sQa + 1)/L] + 2a}
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(n-a)
let A=[(B+1D/(B—-1D]O (2)
A{B —[sQRa+1)/L1+2a}={B + [sQa+ 1)/L] — 2a}
AB+2a)—(B—-2a)=(A+1)[sQa+1)/L]

B LA(ﬁ +2a) — (B —2a)
B (A+1)QRa+1)

(3)

The stretching parameter () has a numeric value which is slightly above unity, g =
1.01to 1.2 and it controls the grids refining intensity. (n) in Eq. (3) is a counter from
(1 to NJ). (NJ) is the number of grids along the segment in n-direction. (L) is the length of
this straightened segment. Then (s) represent the incremental distance between two
successive grids along n-direction.

In this transformation, the clustering parameter (a) is a numeric constant, which is chosen
to refine grids near segment ends. If (« = 0), grids will be refined near segment end where
(J = NJ) and if (a = 1), grids will be refined near segment end where (J = 1), see Fig. 1.

For two-dimensional flow between two parallel plates, grids need to be clustered equally
near solid boundaries so the clustering parameter is usually taken to be (@ = 0.5), and Eqg. (2)
becomes:

_AB+D)-(B-1)
=1L 24+ 1) (4)

Eq. (4) is used to cluster grids along (n -coordinate). For the computation domain, usually
An has a numeric value of unity, but in the physical domain An = s.

For a straight-line segment, Eq. (4) is applied directly. But For curved segment, the linear
clustering cannot be applied directly. So a mathematical manipulation to the curved segment
should be executed. The segment is first straightened mathematically and its exact length is
computed, and then Eq. (4) is applied.

According to mean value theorem, George, and Ross, 1998, which states” if y = f(x) is
continuous at each point of [a, b] and differentiable at each point of [a, b], then there is at
least one tangent (g) between (a) and (b) for which, see Fig. 2.

f(xz) = f(xq) _ 7
T o f(9) (5)

The curved segment (PQ) is approximated by a straight line, which length equals

\/ (Ax)? + (Ay)?, so the overall length of the curved segment (ab) is;

L= ]Z: \/ (Ax)? + (8y)? (6)
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L=lim )" @07 + @y ™
J=1

The slope of line (PQ) is approximate by;
f(g) = by/bx (8)

Ay = Ax f(g9) 9

Then Eq. (7) becomes: -

n

L= lim jmx)]z. +(ax f(@))
J=1
Then;
L= fb 1+ (f(g))j dx (10)

The segment end points a(x,y) and b(x,y) are prescribed in advance while segment
equation, y = f(x), either known or a relevant, simple polynomial is fitted to the curved
boundary segment.

Segment length (L) is evaluated from Eq. (10) and the number of grids is decided then Eq.
(4) is used to cluster grids along the straightened boundary. The incremental distance, (s),
distribution is computed.

Substitute each incremental distance length and the starting point (x) value, starting from
point (a(x,y)) as input data, in the solution of Eq. (10). Then the value of (x) for each ending
point is evaluated, since this equation has the (x) variable only. The (NJ — 2) number of
linear Equations are solved by (Do .... ENDDO) loop.

The calculated value of (x) is then substituted into segment equation (y = f(x)) to
determine the (y) value for the corresponding point. The final result is a desirable well-
clustered curved segment.

To demonstrate the beneficial of the method, let consider a common example which is
simple and popular. For a circular arc shape segment of constant radius (R), the arc is
described by the following special polynomial equation:

x% +y% = R? (11)
y = (Rz _ X2)1/2
y = 0.5(R? — x2)7%5(=2x)
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y = —x/yR? — x? (12)

Substitute for the slope (f(g)) from Eq. (12) in to Eq. (10) , then the length (L) becomes;

L= be1 + (—x/ﬁ)zdx (13)

b R2 0.5
:L (<R2 —x%) &

b
= Rf 1 (14)
a (RZ _ x2)0.5

;I'o interpret from Cartesian to polar coordinate system, precede as;
x = Rcosf
dx = —Rsin 0 df
R? — x? = R? —R?cos? 0
R? —x%? = R?(1 — cos? 6)
= R?sin? 4 (15)

Substitute from Eq. (15) into Eq. (13) gives;

L_r % —Rsinfdo
- 0, (R?sin2 )05
b
=—R | df
Op
L =R(6, — 0,)
= R(6=nj = 6=1) (16)

Eqg. (16) is well-known, George, and Ross, 1998. (8,) is the starting angle of the arc in
radius at (J/ = 1) and (8,) is the ending angle of the arc in radius at (/ = NJ). These two ends
angle are prescribed in advance.
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Substituting the value of arc length (L) from Eq. (16) into Eq. (4), then the length of sub-
division segment (s;) is evaluated directly. Rearrange Eq. (16) to compute the end segment
angle (6;) in terms of the start sub-division segment angle (6,_,) and it length (s;), as;

Now all nodes angle, 6,, 6, 0, ... 8y;, are computed and (R) is constant then, the value of
(x) and (y) for each node are evaluated directly as:

X; =Rcos8; ; y;=Rsing, (18)

At this stage grids are distributed externally along the boundaries nicely and as needed.
The internally grid distribution is accomplished by using the TTM Poisson type method,
Thompson, et al., 1985. The TTM method, named due to (Thompson, Thames, and Mastin ),
with an essential contribution from (Thomas, and Middlecoff), Thomas, 1980, Thomas, et
al., 1982. The TTM method is the corner stone of grid generation techniques now days,
Thompson, 2000. Fig. 6 shows two types of internally grid generation depending on the
external grids distribution.

The details of the TTM method for internally grid generation is prescribed by Khudhair,
2003.

3. HEAT TRANSFER APPROACH.

To demonstrate the validity of the method, a convective heat transfer coefficient was
evaluated in a duct of non-circular and non-rectangular cross section as shown in Fig. 3.

Unfortunately neither the Cartesian nor the cylindrical coordinate system is a proper
choice for such cross section. The body fitted coordinate system is convenient system. So the
fluid governing equations will be first written in a Cartesian coordinate system and then
transferred to a body fitted coordinate system.

The governing equations in Cartesian coordinate system for steady, incompressible, three-
dimensional laminar flow with constant specific heats are, Tannehill, et al., 1997:

v.(pV) =0 (18)

- 0
V.(puv) = - % + V. (uV.u) + Sy (19a)

9
V. (po¥) = — £ +V.(uV.0) + Sy (19b)

V. (owV) = — g—z + V. (uV.w) + Spy, (19¢)
V.(pTV) = V. (uV.T) + Sy (20)
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These governing equations are in Cartesian coordinate system, which is not convenient to
solve for a flow inside a duct with arbitrary cross section area. Also the polar coordinate is
not convenient for a cross section area as shown by Fig. 5. The body fitted coordinate system
is the convenient choice. Details of transformation to body fitted coordinate system and
discretization for continuity, momentum and energy equations are presented in details by
Khudhair, 2003, 2013.

From Fig. 4, the increase or decrease of heat within the control is equal to the heat gained
or lost by convection through duct wall, i.e.

6Qcy. = 6Qconv (21)
mc,dT = hiPdx(T, — Tf ;) (22)
Since T, is constant, then;

dT = d(T, — Tf;)

and Eq. (22) becomes:

mc,dT

h: = —
J PdX(TW - Tf,])

_ ey In (T - Tf.j+1)

h; = (23)
! As (TW - Tf.j)
or simply;
me, AT = hiAg(Ty, — Tr ;)
ey (Ty a1 = Tr ) (24)

a AS(TW - Tf,j)

Egs. (23) and (24) for local heat transfer coefficient have been programed and solved and
they have given ave an identical results. T, represents the local fluid mean temperature within
the control volume between two successive sections.

The local bulk temperature T;,, which is the fluid average temperature at each duct section,
is evaluated from the conservation of energy. At each cross section, J, the number of cells
equals (NI — 1) x (NK —1).

m;cyTy,; = 2 M jkCpTijk
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= Z pcy(VijwdAijxTijr)  (25)

For the duct under consideration, the cross section area and sectional mean velocity are
constant, then.

o Y(VijwAijxTijx)
b.j VmAC

(26)

The variables V; ; , and T; ; . are the output data from the flow governing equation after the
solution is converged while 4; ; , is computed from tensor mathematic during grid generation

stage.
The local Nusselt number is then evaluated as;

h; D;

N‘Llj = T (27)

D; is a length scale which is usually taken as the hydraulic diameter. For the case under
consideration the hydraulic diameter is constant.

4ACTOSS

(28)

The average convective heat transfer coefficient depends on the average bulk temperature,
which can be interpreted as;

Tb,mean Z ijp = Z m] Cpr,j (29)

Heat transfer coefficient or Nusselt number are usually plotted along the duct length, x,
in terms of the inverse Graetz number which is a non-dimensional number.

D:
Graetz number, Gr = Re PT?] (30)
Where Reynolds and Prandtl numbers are define as
PVmD; Vo Cpld
Re=—"-2 ; pr=—=-2- 31
e p r = " (31)

4. DUCT GEOMETRY.

Firstly, the duct geometry has been drawn programmatically using FORTRAN 90 code.
Fig. 5 shows the duct cross section area, which represents a quadrilateral entry. It consists of
two straight walls and two curved walls. Number of grids chosen is (15 x 15 x 501). The
pipe cross section geometry is not convenient neither for Cartesian coordinate system nor for
polar coordinate system and the body fitted coordinate system is the best choice. Grids are
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distributed automatically as desire directly from Eq. (4) for the straight walls while for the

curved walls the grids are distributed entirely following the prescribed procedure as follow:

1. Compute arc length of curved walls from Eqg. (16), as 6;and 8y, are known.

2. Cluster grids along the segment ab and cd as desire using Eq. (4).

3. The output of Eq. (4) is the interval distance (s;) between each two successive nodes,
which represent the interval arc length.

4. Recalculate (0) distribution, starting from (J = 2) to (/ = NJ — 1), from Eq. (17).

5. Finding grid node coordinates from Eq. (18).

6. Internally grid generating using the TTM method.

5. INPUT DATA.
The working fluid is air with the specifications, which was considered at (325 K),
presented in Table (1).

6. CODE CONSTRUCTION.

All the related equations have been programed using a FORTRAN 90 programing
language. The corestone of the code was developed earlierby Khudhair, 2003, and it is
modified later to handle the heat transfer problem and the forementioned modification.

7. SOLUTION PROCEDURE.
The solution procedure is illustrated in the provided flow chart, Chart. (1).

8. RESULT AND DISCUSSION.

Fig. 7 shows the local Nusselt number distribution along the proposed duct with cluster
and uniform grid distribution. The result were compared with the data presented by Holman,
2010. Clustering is important at region of high gradient. At the developing entrance region
the agreement between predicted with cluster and comparator data is excellent over that
uniform grid distribution. At the developed region where temperature and velocity
distribution profile is settled, the advantage of clustered over uniform grid generation is
vanished and both distribution are in a good agreement with the comparator data.

Fig. 8 shows the average Nusselt number distribution. The agreement between predicted
result with Holman, 2010, and the empirical formula proposed by Hausen is very good with
+6.7% and —4.3% error for uniform and clustered grids respectively, except at the very
beginning of entry which may interpreted to the assumed uniform velocity profile at entry.
The Hausen empirical relation for fully developed laminar flow for circular tubes at constant
wall temperature, presented by Holman, 2010, which based on hydraulic diameter, is:

— 0.0668(d/L)RePr

Nu = 3.66
" T 17 0.04(d/L)RePr?73
Uniform grid distribution gives fair agreement especially at developing region where high
gradients are expected.
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9. CONCLUSION.

Distribution grid nodes along a curved wall segment is important for thermo-problems.
The described method is a mathematical dependent and well programed. Distribution grids
along straight wall segment is straight forward. And can be find in many CFD books.

Grid clustering near wall is of vital importance for internal flows in confined conducts or
external flows over plates where high gradients are exist. But uniform grid distribution works
well when these gradients moderated. At the fully developed region where variables profile is
constant, uniform distribution performs better since the cell skewness is greatly reduced.

The proposed technique predicted Nusselt number distribution very well in such conductor
with a non-rectangular, non-circular cross section area. As expected the value of Nusselt
number at entry has the maximum value where velocity and temperature gradients are high
and these values fall down temperature profile settled.

At the end of the duct the predicted average Nusselt number value for clustered grid
distribution equals (4.134) with error value of (—4.3%) when compare with Hausen
predicted method. While for uniform grid distribution the average Nusselt number value at
duct end is (3.698) with error value of (+6.68).

The technique presented here is aimed for those who are interest in programming their
problem rather using commercial CFD package.
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NOMENCLATURE
Ac  cross section. m? k  condictivity. W/m.°C
As surface area. m? L  segment length. m
¢, specific heat. k] /kg.°C m  mass flow rate. kg/m3
D hydraulic diameter. m Nu nusselt number.
H heat transfer coefficient. W /m2.°C P perimeter. m
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p  pressure.
Pr  prandtl number.
R  arcradius.
Re reynolds number.

ST O3S ™R N~ XS <l<<$:ﬂg>zmm

incremental distance.
source term.

source term.
temperature.

velocity components.
velocity components.
velocity.

velocity vector.
velocity components.
cartesian coord. system.
cartesian coord. system.
cartesian coord. system.
clustering parameter.
streching parameter.
coord. along boundary.
angle.

dynamic viscosity.
kinematic viscosity.

21 December - 2015

N/m?
m

m
N/m3
kg.°C/s
°CorK
m/s
m/s
m/s
m/s
m/s

radian
kg/m.s
m?/s

Table 1. Inlet air specifications, input

data and duct size

Air density, p

1.088 kg/m3

Specific heat, c,

1007.4 ] /kg.K

Dynamic viscosity, p

1.96 X 1075 kg/m.s

Air condictivity, k 0.028 W/m.K
Prandtl number 0.705

Inlet air temperature 25 °C

Wall temperature 50 °C

Bulk velocity 0.4184 m/s
Reynolds number 1000

Cross section height 3.536 cm
Cross section width 50cm

Duct length 600 cm

166

Journal of Engineering

Figure 2. Mean value theorm



Number 12

Figure 3. Non-circular and
non-rectangualar cross
section duct.
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Geometry input Input Data
Data. Fluid Properties

Constants Values

Geometry Drawing.
Externally Grid Distribution.
Internally Grid generation.
creating x,y and z output file.

4
mport X,y and z arry file.

Calculating Transformation Functions.
Define Boundary Conditions.

Assign Internal Gussed Values.

P
Y

End Calling Subroutines to Solve for
uvwpandT

k)

@alculat’ing Residual Error )

Convergence

(Mndiﬁng Internal nodes Variables
Criterion

Calculating Bulk Temperature Dist.
Calculating Local and Average Nusselt
Number Dist.

L
Output the Results:
uvw,pandT.

TI:-J Tb,aua Nu and Hu.m:—

Chart 1. The general programming structure.

169



Number 12 Volume 21 December - 2015 Journal of Engineering

Gl B dial) dradlaay) cldind) 3 jlas B (lSall il g 4y jLaad) Cilaaaall
(Aoanal 50 Al dsaial) palalS) Asinll)

DY s3ga Jag (53¢ utigal) AL e L Lua 35300 LY
Ay dmala—inigl) 48— leal) duria aud Aoy Amala—iuvigl) 4S5 lanl) Auria ad
I .“ ] .

Clpasads e baill 138 Jeays oDl dlall goy 3 e Ol glene Sy Jaat L) clgiall b)lee
Cilpal) e S alead dage Apdl) Apad ] S diblhy Apagead aSay LY Hlaall Ll SL oo oha dplene
(Ol skl ae g LWL cdal) G Aoy S8le (e dpedlul) Gliiall Blae daai sk L glamall GosSill e Ay)lie Vs A3l
cedhsy) alladl e bl (e daedl (8 (550 (20 ¢ 9l B3 el Lguiany skl B

Laolay) clal) sl Ao Lilly 4y laal) dadlasaa ,iliy oSl 4raal Jsa Adjaal) 4US ane’ cdfiad) AKG) )
Wibay GBhall (& Ausiall Ledlay) cliall Blee’ 1ol il Gagidys S Aail) shailly Blai¥) dua e Gl B Asial)
oo Shmd cagall Ghall Gae e waal) b Apapladilly dhead) Al o bl WA Lels Shacias dage Aplera lagyea
Y1 i ) i)y clalall By a3l e Leasladts Lelalaily cyolai o8 Ledld cacinall o laily uilially dysinal) aalad)
LS " ma¥) LY aal) 50 ) dila) A giladlaa s LgileLind s LhS JSE 3 Gul) 50l 4 IS IS Jale
iplenall ciliysally lallaall Joal Jon ALl 3ypm g Ahall Hlaall contil A LGS Jalall sa Abpaall g5
LaysSl Liliay Leilanr (3hall 3 Al Ludlay) cliiall Hlae aug Les .lgie Ciela il AbaV) Zalal) Lgailiag
Al Aluadill

A3 (Awdial) bl a8)pal) (Apiial) dabud) (Sl Jalge Al Biles tAsundyl) culalsl)

Civilizations and Environmental Particulars of Place in Islamic Holy Thresholds

in Iraq
(Alkadhumain Holy Threshold as a case study)
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University of Baghdad University of Baghdad
Saba.jabar@yahoo.com Alkilidar2020@yahoo.com
ABSTRACT

Islamic shrines architecture is one of the Islamic Architectural building types. It is called
(Thresholds); (Atabat) in Arabic. Thoroughbred throughout the Islamic world from the east to west. In
addition, it carries the style features and peculiarities of uniqueness from the rest of the types of Islamic
architecture. By virtue of the particularity of its function as tomb for important person in Islamic
history. Islamic shrines architecture has grown and evolved in started from the small shrines, and then
taken to widen with the evolution of time in line with the value of the event and the rituals associated
with it. Some of them to became centers of large cities of the largest in many parts of the Islamic world.

The research problem represented is the insufficiency of information about what roles influences and
factors of place (cultural and environmental) in the formation of patterns and relationships space holy
Islamic shrines architecture in Irag. In addition, what the role-played by the inherited urban civilization
Iragi both sides physical & moral support and integration with the concepts and spirit of the Islamic
religion, and its rules in construction of architecture. Moreover, presumably Holy Islamic shrines
architecture in Iraq are to be studied and its impact on the urban structure and planning in many cities
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of Iraq mission. In addition to the dimensions of the moral and doctrinal and their impact on society,
they have evolved modes of planning over time according to the needs and requirements circumstantial,
but the factor of place had a role the basis for the formation of masses and spaces. In addition to the
formal role of the Islamic religion and the nature of religious practice in which they are, and the
availability of spatial knowledge about the factors that produced the lIraqi architecture, provides a
comprehensive picture about the origin of processors and architectural configurations and their source
of origin from which it came. Which branded the Islamic holy shrines in Iragq equipped and versatile
textural characteristics and detailed thoroughbreds.

Keywords: Islamic Architecture, Place factors, Islamic tourism, Shrines, Holy Thresholds, Al-
Kadhimiyeh.
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