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ABSTRACT 

    A new concrete rheometer is introduced including its innovation, actual design, working rules, 

calibration, and reliability. A modified design of Tattersall two-point device is created. Some of 

components are purchased from local and foreign markets, while other components and the 

manufacturing process are locally fabricated. The matching viscosity method of determining the mixer 

viscometer constants is demonstrated and followed to relate torque and rotational speed to yield stress 

and viscosity (Bingham parameters). The calibration procedures and its calculation are explained. 

Water is used as a Newtonian fluid, while; cement paste (cement + water) with w/c ratio equal to 

(0.442) is used as a non-Newtonian fluid. The cement paste is tested in “Petroleum Research and 

Development Center” by “OFITE Model 800 Viscometer”. In order to verify the reliability of the new 

rheometer, an Artificial Neural Network (ANN) model with a well selected bank of data is constructed; 

and (16) Mixes of Self Compacting Concrete (SCC) are constructed, mixed and tested by the new 

Rheometer. The results from model (predicted) and those from the experimental work (measured) were 

found to have very good degrees of correlation and matching, which indicates that the new rheometer 

can be reliable. 

Key Words: rheology, rheometer, SCC, yield stress, viscosity, ANN. 
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 كلُت الهٌذعت –الجاهؼت الوغخٌظشَت 

 

 الخلاصة    
بوا فٍ رلك ( خاص بالخشعاًت الطشَت Rheometerمُاط الاًغُابُت )جهاص جذَذ ل حظٌُغحطىَش وؼولُت ػشع ػلوٍ لحؼوي البحذ 

حن إػخواد حظوُن وبُاى هبادٌء الخشغُل والاعظ الٌظشَت والؼولُت للوؼاَشة والوىرىلُت. فٍ الخظاهُن الغابمت للجهاص الابخكاس والخجذَذ 

ء الخاطت بالجهاص هي الاعىاق الوحلُت (. حن ششاء بؼغ هي الاجضاTattersall two-point deviceهحذد وهطىس لجهاص )

حن حىػُح واػخواد ًظشَت )هوارلت  ، فٍ حُي حن حظٌُغ الاجضاء الاخشي وأجشاء ػولُت الشبط والخظٌُغ الكاهلت هحلُا. والاجٌبُت

لضوجت. حن حىػُح الإجهاد الخؼىع ولُن لُن الؼضم والغشػت الذوساًُت وبُي هابُي  الزىابج الخٍ حشبطالوغخٌذة الً اَجاد اللضوجت( 

( 0...0الواء( وبٌغبت ) -. حن اعخخذام الواء كغائل ًُىحٌٍُُ ، فٍ حُي حن اعخخذام ػجٌُت )الاعوٌج والٌخائج الخاطت بهاالوؼاَشة  ػولُت

اص الواء( فٍ هشكض البحىد والخطىَش الٌفطٍ ، حُذ حن الفحض بجه –الاعوٌج ))هاء/اعوٌج( كغائل لا ًُىحٌٍُُ. حن فحض ػجٌُت 

“OFITE Model 800 Viscometer” . لغشع الخحمك هي هىرىلُت ػول الجهاص الجذَذ حن حظوُن وحٌفُز هىدَل هي ًىع الشبكاث

. تم مقارنة جهاز الانسايبية الجديد ( خلطت هي الخشعاًت راحُت الشص بىاعطت16حن حظوُن وخلط وفحض )الؼظبُت الظٌاػُت ، كوا 
درجات ارتباط وتطابق عالية مما يؤشر وكانت النتائج ذات مع تمك المستحصمة من الجزء العممي النتائج المستحصمة من الموديل 

 .امكانية الاعتماد عمى عمل الجهاز
 .الانسيابيه ,الريوميتر،الخرسانه ذاتية الراس،أجهاد الخضوع،الزوجه،برنامج احصائي الكممات الرئيسية: 
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1. INTRODUCTION 

Rheology is the science of the deformation and flow of matter, and the emphasis on flow means that it 

is concerned with the relationships between stress, strain, rate of strain, and time. Fluid rheology is well 

established, widely used science that is directly applicable to workability of fresh concrete. The 

characterization of rheology of fresh concrete is complicated by the fact that concrete is a complex 

material with time-dependent properties and includes wide range of particle sizes. In measuring 

rheological parameters of concrete, it is essential to know the flow properties over a wide range of 

shear stresses and shear strain rates. Various constitutive equations have been developed, the listing of 

such equations are given by Whorlow, 1992. Ferraris, 1999. and Hackley, and Ferraris, 2001. 

However, the most commonly used equation that is applied to fresh concrete is the Bingham Equation, 

where flow is described by the Eq. (1).  

 
          Eq. (1) 

where :  

  = shear stress;  

µ = plastic viscosity;  

o = yield stress; and 



 = shear strain or shear rate = d / dy 

 

2.RHEOLOGY OF SCC 

SCC is a highly flowable concrete that is able to flow into places without vibration.  Because SCC is 

essentially defined in terms of its workability, the characterization and control of rheology is crucial for 

the successful production of SCC.  In terms of rheology, SCC exhibits a yield stress near zero and a 

moderate plastic viscosity.  Ferraris at al., 2000. and Koehler and Fowler, 2007. stated that if the 

rheological properties that characterize SCC are examined, the yield stress must be zero or very low 

and the viscosity must be controlled. Empirical tests simulate a field condition and measure a quantity, 

such as a distance or time that is related to an aspect of workability. Empirical tests measure values that 

are related to fundamental rheological properties only indirectly, Koehler and Fowler, 2007. In 

empirical tests, the geometry of the concrete and the stresses acting on it at any given time are changing 

and not fully known, making it difficult to isolate the effects of fundamental flow properties. Therefore, 

rheological parameters can be preferable to empirical parameters, provided they can be measured in a 

practical manner and related to field placement requirements. Fig.1 shows how two concretes could 

have one identical parameter and a very different second parameter. Therefore, it is important to use a 

test that will describe the concrete flow, by measuring (at least) both factors, Ferraris, 1999. 
 

3.RHEOMETRIC APPARATUS 

In order to determine real values of stress and rate (at the same point) an absolute instrument is needed, 

where the determination is made on the basis of a known mathematical description of flow occurring in 

the instrument and on the basis of its geometry. The measuring techniques can be divided into four 

principal ones, as shown in Fig. 2 ,Oskar, 2007.  

The instrument used these techniques is called ,Rheometer. Leslie and Ji ,2001. defined rheometer as 

the instruments for measuring flow behavior, which usually operate in rotation and measure torque and 

rotational speed and the rheological parameters of stress and strain rate are computed from these 

measurements.  
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According to Hackley and Ferraris,2001. rotational methods are generally better for concentrated 

suspensions, gels, and pastes despite the fact that capillary tube methods tend to be more precise in 

measuring viscosity. 

“Impeller rheometers”, can be defined as rotational rheometers which consist of an impeller that is 

rotated in a concrete specimen. Impeller rheometers can be simple to use; however, the shear rate and 

shear stress in the material around the impeller is unknown and the direct analytical calculation of 

fundamental rheological parameters is not possible. Although calibration procedures have been 

suggested to relate the intercept and slope of the torque versus rotation speed plot to yield stress and 

plastic viscosity, the accuracy of such procedures is debatable. Instead, results are often presented in 

terms of the slope ('h-value') and intercept ('g-value') of the torque versus rotation speed plot  

Tattersall and Banfill,1983. Whorlow,1992. Ferraris ,1999. and Koehler and Fowler, 2006. 

3.1 Tattersall Two-Point Rheometer 

The Tattersall two-point device was reportedly the first rheometer to measure concrete as a Bingham 

fluid. The device has been refined over the years by Tattersall and other researchers and continues to be 

widely used in research, Tattersall and Bloomer,1979; Cabrera and Hopkins, 1984; Tattersall 

1990; Bartos, Sonebi, and Tamimi, 2002; Ferraris and Brower,2004; Koehler and Fowler, 2006 

and Josef , 2006.  

The original version of the two-point device, the MK I apparatus, was first presented in 1971 and 

consisted of a Hobart food mixer with a hook-shaped impeller moving in a planetary motion. The 

device, however, could not be used for high workability mixes.  

Based on additional research, the MK I apparatus was later replaced by the MK II apparatus Fig.3 for 

high workability mixes and the MK III for low to medium workability mixes.  

MK II measures the pressure in a variable hydraulic transmission when turning an impeller in concrete 

at different speeds. Torque/Pressure calibration constant should be determined, Tattersall and Banfill 

1983.  

 

3.2 Laskar and Talukdar Rheometer 

The rheometer which is designed by Laskar and Talukdar , 2007. .Fig. 4 has the same concept of 

Tattersall two-point device. However, they used flat circular vane plate impeller, and the circuit for the 

purpose of calibration consists of a wattmeter, voltmeter, ammeter, and a 10 A variac. A spring balance 

anchored to a fixed object is fitted to the pulley of the spindle. When the motor is switched on, the 

spring balance blocks its rotor and the spring balance reading is noted. This arrangement gives the 

braking torques at different voltages. Thus for a set of voltages, braking forces or torques can be 

obtained. 

 

4. ARTIFICIAL NEURAL NETWORKS 

A neural network consists of a number of interconnected processing elements, commonly referred to as 

neurons. The neurons are logically arranged into two or more layers and interact with each other via 

weighted connections. These scalar weights determine the nature and strength of the influence between 

the interconnected neurons. Each neuron is connected to all the neurons in the next layer. There is an 

input layer where data are presented to the neural network and an output layer that holds the response 

of the network to the input. It is the intermediate layers, also known as hidden layers, which enable 

these networks to represent and compute complicated associations between patterns. Each hidden and 
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output neuron processes its inputs by multiplying each input by its weight, summing the product, and 

then passing the sum through a nonlinear transfer function to produce a result, Goh ,1995.  

The neural network “learns” by modifying the weights of the neurons in response to the errors between 

the actual output values and the target output values. At the end of the training phase, the neural 

network should correctly reproduce the target output values for the training data, provided the errors 

are minimal, i.e., convergence occurs, Kwan , 2000. 

5. NEW RHEOMETER DESIGN 

Through searching in local engineering colleges, no available concrete rheometer exists in Iraq. 

Therefore, it is decided to adopt one of the available rheometer designs and fabricates a concrete 

rheometer. The modified design of Tattersall two-point device MK II is chosen for this purpose. The 

simple design and its continuously development through researches are the main are the main reasons 

for this choice. 

 

5.1 First Adopted Design 

The design of the Tattersall two-point device MK II that was donated for research purpose of Josef, 

2006. work’s Fig. 5 is the first adopted design for current research purpose. This design consists of: 

1. Electrical Motor which is used to generate the required rotation. 

2. Variable Hydraulic Transmission Unit which is used to generate a pressure when turning the 

impeller in concrete. 

3. Speed Control which is used to control and measure the speed of rotation. 

4. Reduction Gear Box which is used to reduce the speed of motor rotation and increase the generated 

torque.  

5. Pressure Gauge which is used to measure the generated pressure in the variable hydraulic 

transmission unit.  

6. Interrupted Helical Impeller which is used to rotate the concrete sample. 

7. Sample Holder which is used to hold the concrete sample.  

8. Torque Calibration System Fig. 6 which is used to determine the torque/pressure calibration 

constant. This system consists of an adjustable metal clamp with a copper sleeve, fixed so that the 

impeller drive shaft passes through it, and is used. 
 

5.2 Modified Adopted Design 

The first design and all of its components are studied carefully. The next step is going to be search for 

the availability of those components and the possibilities of fabrication. Through this search two 

important notes are recorded: 

1. Instead of using an electrical motor and a reducing gear box as a separator device, a one unit that 

consists of both devices can be used. This has a big benefit of reducing the problems of coupling 

between the electrical motor and the reducing gear box. 

2. Instead of using the variable hydraulic transmission unit, pressure gauge, and the torque calibration 

system which are used to measure and calibrate the generated torque, a Rotary Torque Transducer that 

measures the speed and torque strain in a rotating shaft can be used.  

Taking previous two notes in consideration, the design is modified. The sketch of the modified 

adopted design is shown in Fig.7. The completed fabricated rheometer is shown in Fig.8. This design 

consists of below parts. 
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5.3 Electrical Motor and the Redaction Gearbox Vertical Unit (Figure 9):  

This unit is chosen from Web-Drive which is a European company. The specifications of this unit are 

listed in Table 1. 

 

5.4 Rotary Torque Transducer 

This component is chosen from a British company, and it consists of three units; M420 Rotary Torque 

Transducer, Transducer Interface, and software package “TorqueLog”. The specifications of these units 

are: 

A - M420 Rotary Torque Transducer:  

The Series M420 Rotary Torque Transducer Fig.10. measures the speed and torque strain in a rotating 

shaft. Signal output is transmitted directly from the shaft as serial data and providing clean and 

definitive data transmission. M420 rotary torque transducer is connected with the gearbox by a locally 

made stainless steel connector see Fig. 11. The specifications of M420 rotary torque transducer and its 

dimensions according to Fig.12 are listed in Table 2. The purchased M420 rotary torque transducer is 

calibrated by Datum Electronics Ltd, and a Torque Calibration Certificate Fig.13 is supplied with the 

device. 

B - Transducer Interface: 

This unit Fig.14 receives the signal output from the transducer and converts it digitally through a USB 

converter to PC. The Transducer interface requires 15-24Volts dc supply power. The M420 connects 

directly to this interface. 

C - Software Package “TorqueLog”: 

Datum Electronics TorqueLog software is an easy and convenient way of collecting data. This software 

provides a direct readout of Torque, Speed and Power on a PC with additional facilities to read peak 

torque and log data to other applications including Microsoft Excel. The features of this software 

include: 

• Calibrated Display of Torque in Nm or lb/ft 

• Display of Speed (rpm) 

• Display of Power in kW or HP 

• Peak Torque, Speed and Power Capture Facility 

• Data logging of Torque (or Torque, Speed and Power) 

Fig. 15. shows the interface window for this software. 

D - AC Frequency Conversion Speed Regulator: 

AdvanCon-SID32-G-S2 series Fig.16 high functional conversion regulator is chosen to be the speed 

controller.  
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E - Interrupted Helical Impeller: 

An axial stainless steel impeller with four angled blades set in a helical pattern around a central shaft 

which imparts a stirring and mixing action to the concrete is designed, fabricated and used for the 

purposes of this study. This type of impeller is chosen because it is suitable for slumps in excess of 

about 100 mm as referred to by Ferraris and Brower , 2001. The impeller is made in two parts. The 

first upper part is fixed to the body by a stainless steel ring that contains a bearing fixture in the middle 

and through this bearing it connects with the torque transducer Fig.7. This arrangement provides good 

support and free movement to the impeller and assures no direct load on the transducer. The other 

(lower) end of this part is externally threaded See Fig.18. The second lower part of this impeller is a 

free part that can be screwed to the upper part during running the rheometer or it can be removed out 

for cleaning. The lower end of this part contains four trapezoidal blades, right angled in its position, set 

and welded in a helical pattern around the central shaft. Total length of the shaft is (850 mm) and its 

diameter is (50 mm). Larger base of the blade is (65 mm), while smaller base is (35 mm), and the 

height of the base is (55 mm). 

F - Sample Holder Fig. 9. 

This is a metal cylindrical container with (254 mm) diameter and (305 mm) height. It is provided with 

vertical metal ribs at a pitch of 60 mm along the circumference. Ribs are welded at the wall of the 

cylinder. The effective gap between the bottom and the shearing surface is 60 mm. The effective 

concrete height above the vane plate is 75 mm. The no-slip condition at top of the cylinder is achieved 

by providing the mesh of blades. 

 

5.5 Calibration of the Rheometer  

Since it is shown through the literature that the flow properties of concrete conform to the Bingham 

model, the flow curves are taken as linear, the intercept on the torque axis and the reciprocal slope can 

also be calculated using the least squares method. The flow curve is represented by: 

  
Eq. (2) 

Where (T) is the torque at speed (N), (g) is a measure of the yield value and (h) is a measure of plastic 

viscosity.  

The values of (g) and (h) are calculated mixer viscometry method. Extensive work has been conducted 

on mixer viscometry Castell and Steffe 1992. This technique has been used mostly for non-reacting 

biological materials. But also it is applied in evaluating the workability of fresh concrete Tattersall 

and Banfill , 1983 , and to chemo-rheological studies involving starch gelatinization Dolan and Steffe 

1990 and Steffe et al., 1989. 

The specific technique used in the current study for applying the matching viscosity method was 

developed by Mackey et al 1987and later described as the torque curve method by Castell-Perez and 

Steffe 1990. The following analysis is based on the work of those researchers.  

5-6 Power Number (NPo) & Reynolds Number (NRe) 

Those dimensionless numbers are defined to the impeller, which takes the power “P” whose diameter 

is “d” whose rotational speed is “N” in fluid, and whose density and viscosity are “ρ” and “η”, by 

following equations: 
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 (3) and 
 

 (4) 

The power is equal to the product of torque and angular velocity:  , where T is the torque. Thus, 

the Eq. (3) can be written with respect to the torque, rotational speed, effective diameter, density, and 

viscosity as: 

 

                           (5) 

With a single phase fluid operating at low speed, or in a baffled system, the power number can be 

expressed with the impeller Reynolds number alone: 

 
 

 
                           (6) 

Where “A” and “B” are constants depending on the geometry of the system and the flow regime 

present during mixing. “B= -1” when “NRe < 10”, and “B= 0” when “NRe > 10 000”. The values of 

“A” and “B” in the intermediate region will depend on the particular mixing system under 

consideration. 

 

5.7 Apparent Viscosity 

Apparent viscosity has a precise definition. It is shear stress divided by shear rate: 

 
                                                (7) 

With Newtonian fluids, the apparent viscosity and the Newtonian viscosity (µ) are identical but for a 

power law fluid is: 

 

                      (8) 

Apparent viscosity for Bingham plastic fluids is determined in a like manner: 

 

     (9) 

 

 

 

5.8 Average Shear Rate 

Newtonian fluid viscosity (µ) is replaced by an apparent viscosity (η) evaluated at an average shear rate 

(·
a) defined as: 

 
     (10) 

where (k′) is the mixer viscometer constant having units of 1/rad or 1/rev. (k′) is unique for any 

particular physical system and must be determined from experimental data. 

In mixer viscometry, there are two primary techniques for determining (k′) the "Slope Method" and the 

"Viscosity Matching Method." Viscosity Matching Method is a technique that involves the comparison 

of power curves for Newtonian and non-Newtonian fluids using the idea of matching viscosities. The 
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phrase "matching viscosities" refers to the assumption that the average shear rate for a non-Newtonian 

fluid is equal to the average shear rate for a Newtonian fluid when the Newtonian viscosity equals the 

apparent viscosity of the non-Newtonian fluid. The technique is excellent for determining the average 

shear rate in a mixer and is also useful to rheological process engineers in evaluating the performance 

of commercial equipment (Rheometers) having poorly defined shear fields. 

5.9 Derivation of Mixer Viscometry Relations 

1- Power Flow Fluids: Working equations are developed starting with the assumption that surface 

tension, elastic, and vortexing effects are insignificant, the physical variables involved in mixing 

Newtonian and Non- Newtonian fluids in the laminar flow regime where (NRe < 10), then: 

 

    (11) 

Substituting with Eqs. (4) and (5), gets 

 

   (12) 

using the definition of apparent viscosity for a power flow fluid                    

Eq. (8) 

  
     (13) 

using the definition of average shear rate  

 
     (14) 

and solve for the average shear rate: 

 

      (15) 

2- Bingham Plastic Fluids: Using the same assumption in above paragraph and the Eq. (11) and (12) 

and the definition of apparent viscosity for a Bingham plastic fluid (Eq.(9)): 

 
 (16) 

using the definition of average shear rate and Eq. (10) 

 
(17) 

then simplifying the resulting equation gives an expression relating torque and speed in a 

mixer viscometer: 

 
 (18) 

Collecting mixer rheometer data of torque versus angular velocity for a Bingham plastic and plotting 

the result will provide a slope ( ) and an intercept ( ) that reflect the rheological 

properties of the fluid. If (A) and (k′) are known, plastic viscosity and the yield stress can be calculated. 

Comparing between Equation (1) and Equation (18): 
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(19) 

then 
 

(20) 

  (21) 

then 
 

(22) 

 

5.10 Determination of Parameters 

1- Using Water as a Newtonian fluid in the mixer rheometer, the constant (A) is determined from the 

experimental data.  

a. Involving Eq.(4) to determine (NRe), where, “ρ”  for water is (1000 kg/m3), “η” for water is 

(0.001 kg/m.s), “N” the rotational speed in (rad/sec.), and the effective diameter for the impeller 

(d) is (0.16 m). Table 3 shows that the average value of (NRe) is about (120637). 

b. Involving Eq.(5) to determine (NPo), where, “T” units is (Nm), “ρ”  for water is (1000 kg/m3), 

“N” is the rotational speed in (rad/sec.), and the effective diameter for the impeller (d) is (0.16 

m). Table 3 also, shows that the average value of (NPo) is (0.095). 

c. Since “NRe > 10000”, then “B= 0”. Substituting this value in Eq. (6) yields (A) equal to (NPo). 

Then (A = 0.09499). 

2- Determination value of (k′), a non-Newtonian power flow fluid (or pseudo-plastic fluid) should 

be tested in a routine viscometer (like a concentric cylinder or cone and plate system). Through the 

traditional rheological techniques, the properties (K) and (n) of a power law fluid can be determined. 

This reference power law material is then tested by the rheometer (under study), and mixed at a several 

speeds. Next, the matching viscosity assumption is applied and an average shear rate (·av) and (k′) 

values are calculated. (k′) is calculated {as it is equal to ( )} at numerous impeller speeds to 

determine how (k′) may vary with (N). An average value of (k′) may be taken to represent the constant 

required in Eqs. (19) and (20). 

a. Cement slurry (cement + water) with w/c ratio equal to (0.442) is used as a power flow fluid. 

This slurry is tested in “Petroleum Research and Development Center”. Their “OFITE Model 800 

Viscometer” which is a Coaxial Cylinder Viscometer. The cement slurry is tested at seven speeds (6, 

30, 60, 100, 200, 300, and 600 rpm). Obtained shear stress and shear rate values are plotted in Figure 

(20). This power flow curve show that (K) is equal to (10.63) and (n) is equal to (0.305). The shape of 

the curve and (n) value which is less than (1) indicates that the tested cement slurry is a “Shear 

Thinning” fluid. 

b. The cement slurry with same materials and proportions that used in the previous paragraph is 

tested by this study’s rheometer. The specimen is sheared at seventeen speeds Table 4. Values of (·av) 

and (k′) at those seventeen speeds and their averages are determined by using Eq.s (10) and (15) and 

listed in Table 4, also.  

3- As (A= 0.09499) and (k′ ≈ 0.0958) values are calculated, and as (d = 0.16 m), then (Ad
3
 ≈ 

0.000389), by using Equations (20) and (22): 

   (23) and 
 (24) 
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6.EXPERIMENTAL PROGRAM 

In order to evaluate and verify the rheological properties of SCC mixtures by the new Rheometer, 

(16) mixes of SCC are designed, mixed and tested. A detailed description of the experimental work 

carried out in the present study is demonstrated below. 

 

6.1 Materials  

1- Iraqi ordinary Portland cement (Taslogah) type (I). This cement is tested and checked according to 

IOS 5:1984. Table 5 shows the chemical and physical properties of this cement and the criteria of 

IOS 5:1984 for each one. 

2- Natural sand is used in this work. Table 6 shows the grading of the fine aggregate and the limits of 

the Iraqi specification No.45/1984; and the physical properties of the fine aggregate. 

3- Rounded gravel of nominal size (5-14) mm is used. Table 7 shows the grading of this aggregate 

which conforms to the Iraqi specification No.45/1984, the specific gravity, sulfate content and 

absorption of coarse aggregate. 

4- Tap water is used for both mixing and curing of concrete. 

5- A third generation admixture for concrete and mortar named Sika ViscoCrete Hi-Tech 32 is used. 

 

6.2 Concrete Mix Design 

Initially EFNARC (2005) first approach for mix design method is used, and then the proportions of 

materials modified after the evaluation by fresh tests is done. The modifications are made according to 

EFNARC (2005) also. 

 

6.3 Mix Proportions 

In order to achieve the scopes of this study, the mixes are categorized into five groups. Each group 

represents one of the factors that affects rheology and strength of SCC. These groups are listed in 

Table 8. Tables 9 and 10 show mix proportions. All proportions are based on volumetric mix design 

procedure. 

 

6.4 Mixing Procedure 

The mixing procedure that used in this study is briefly stated in the following: 

1. The fine aggregates are added to the mixer with 1/3 quantity of water and mixed for 1 minute. 

2. The cement and mineral admixtures are added with another 1/3 quantity of water. Then the 

mixture is mixed for 1 minute. 

3. After that, the coarse aggregate is added with the last 1/3 quantity of water and 1/3 dosage of 

superplasticizer, and the mixing lasts for 1 ½ minute then the mixture is left for ½ minute for rest. 

4. Then, the 2/3 leftover of the dosage of superplasticizer is added and mixed for 1 ½ minute. 

5. The mixture is then discharged, tested and cast.  

 

6.5 Workability (Empirical) Measurements 

These tests include slump-flow (SFD), L-box, U-box and V-funnel (TV) tests. All of these tests are 

used to verify the filling ability, passing ability, and segregation resistance of all mixes of this study. 

The apparatus and the tests procedure are made according to the specifications and requirements 

mentioned in Efnaec, 2005. These apparatus are made from steel plate in the local market.  
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6.6 Procedure of Rheological Tests 

Before testing can be done, the hardware (the torque transducer and its interface) should be 

connected and installed on the PC. Also, the TorqueLog software should be installed on the PC. The 

apparatus must be set up to be leveled. The procedure for testing is as follows: 

1. Turn on the power source and let the impeller to rotate at speed of 15 rpm. 

2. Fill the sample holder gradually with concrete to about 75 mm from the rim while the impeller 

rotates. 

3. Increase the speed each 1 minute by steps 25, 35, 45, 55, 65, and 75 rpm. 

4. The results are automatically fed to the PC in Microsoft Excel spreadsheet. 

6.7 Verifying Reliability of Rheometer  

In order to verify the reliability of the new rheometer, the following steps are followed: 

1- Construct an ANN model with a well selected bank of data. This bank of data should have a 

suitable volume (number of mixes) that the better performance of the model can be achieved. 

Experimental data from (35) different sources is used to check the reliability of the model. In all 

about (700) SCC samples are evaluated. The evaluation processes are done in two stages. The first 

stage is involved with the input parameters, while the second stage is involved with the input and 

output parameters. After these two stages of evaluation, only (541) sets are adopted to be the model 

data base. (22) Variables (masses of constituents) are chosen to be as the input variables. While (8) 

variables represent the rheology, fresh and hardened properties of SCC are considered as the output 

variables. 

2- These (16) sets of mixes are used as a validation set in the ANN model. This validation set does 

not have any effect on the training of the model. The predicated results of the validation set are 

compared with the experimentally measured results of the rheological tests. 
 

6.8 Results of ANN Model 

ANN model is fed forward neural network, which are trained by the (BFGS) optimization algorithm. 

The topography and training parameters obtained through trial and error for the ANN model thus 

developed are done with the aid of a commercial analytic software package called “StatSoft Statistica 

version 8” which is used to analyze, design and execute these models.  

ANN model is constructed to predict yield stress and viscosity. The best performance is found to be the 

architecture of Multi Layers Perceptron (MLP) 22-35-8 (one input layer that contains 22 elements; one 

hidden layer that contains 35 elements; and one output layer that contains 8 elements).  

Results of this model are listed in Table 11, and Figs. 21 and 22 show correlation diagrams between 

train and test values for this model. The results show, very good percentages of correlation between 

target and output values with very low values of errors, and high percentage of matching between 

targets and outputs, and no clear trend to overestimation or underestimation. The results proved that 

these models are able to predicate SCC rheological parameters effectively, and the ANN model can be 

a good tool to verify the performance of the new rheometer.  

6.9 Results of Experimental Rheological Tests 

According to the procedure of testing with rheometer, every specimen is sheared under (7) speeds. 

However, the first and lowest speed is not adopted as a factor. The rest six speeds are (25, 35, 45, 55, 

65, and 75 rpm). The specimen is sheared for (1) minute at each interval of speed. The output file of 

“TorqueLog” software provides about (5400) readings of (T) and (N) for each minute. Average 

readings for (T) and (N) at each speed are adopted and plotted as scatter-plots. Square of correlation 

coefficient “R
2
” values and equation of linear regression fit are listed in Table (12). The intercept and 
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slope values of each linear regression equation are respectively used as (g) and (h) values in Equations 

(23) and (24). The calculated values of Yield Stress (τo) and Viscosity (µ) are listed in Tables 13 and 

14, respectively, which also showed the predicted values of those two properties. 

Figs. 23 and 24 show the correlation diagrams between predicted and measured results. The correlation 

coefficient between results of yield stress and viscosity are (R
2
 ≈ 0.91) for both of them. These figures 

demonstrate that the values of parameters of Bingham model (yield stress and viscosity) can be 

determined with high accuracy with correlation coefficients. The arrangements of points of results and 

the nature of predicted and measured results are displayed in Figs. 25 and 26. These figures show a 

very high percentage of matching between predicted and measured results.  

 

7.CONCLUSIONS 

   The conceptual and new design of Tattersall two-point rheometer suitable for concrete has been 

outlined. The rheometer has been built up and used to obtain Bingham parameters related to SCC.  

The proposed rheometer considers frictional resistance between concrete and vertical wall of 

cylindrical container. An expression for shear stress has been derived in terms of torque and average 

shear strain rate in terms of rotational speed have been obtained for given geometrical parameters of the 

rheometer. Torque and rotational speed have been measured using a Rotary Torque Transducer. The 

rheometer has been validated by testing (16) mixes of SCC and compared their measured results with 

the predicted measures that obtained by ANN predicting model. Very good percentages of correlation 

coefficient (0.91for both) are shown between measured and predicted results of yield stress and 

viscosity. All of the results indicate that the new rheometer able to be relied on. 
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Figure 1. Concrete Rheology. 

 

 
 

Figure 2. Four Main Rheological Techniques . 

 

 
 

Figure 3.Mk II Apparatus. 

 
Figure 4. Schematic diagram of Laskar and 

Talukdar Rheometer. 

 
 

Figure 5. First adopted design of Mk II 

apparatus. 

 
 

 

Figure 6. Side view of torque calibration 

equipment. 
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Figure 7 . Sketch of modified design. 

 

Figure 8.Completed new Rheometer 

 
 

Figure 9. Vertical unit of electrical motor & 

reduction gearbox. 

 

 

Figure 10. M420 rotary torque transducers. 

 

 

 

 

 

Figure 11. Connection between M420 rotary 

torque transducers and gearbox.  

Figure 12. Front and side diagrams of M420 rotary 

torque transducers. 
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Figure 13. Torque calibration certificate. 

 
 

 

 

 

 

Figure 14. Transducers interface. 

 
 

Figure 15. Torque log interface window. 

 
 

Figure 16.Advanon AC frequency conversion 

speed regulator. 

 

 

Figure 18. Lower part of impeller. 
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Figure 17. Upper part of impeller. 

 
Figure 19. Sample holder. 

 

 

Figure 20.Shear stress vs. shear rate of cement slurry: OFITE model 800 viscometer. 
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Figure 21. Correlations diagram of RP-CS 

model (Yield Stress) 
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Figure 22.Correlations diagram of RP-CS model 

(Viscosity). 
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Figure 23. Correlations diagram between 

predicated and measured: yield stress (τo). 
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Figure 24. Correlations diagram between 

predicated and measured: Viscosity (µ). 
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Figure 25.Points of predicated and measured 

results: Yield stress (τo) 

 

 

 

 

 

 

 

 

 

Line Plot of multiple variables
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Figure 26. Points of predicated and measured  

results: Viscosity (µ). 
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Table 1.Specifications of Electrical Motor & 

Gearbox. 

 
a- Electrical Motor: 

 
Power 0.75 kw 

Amp. 3.6 – 2.1 

Voltage 220 – 380 

Frequency 50 Htz 

Speed 1645 RPM 

b- Gearbox: 

Power 0.75 kw 

Speed 126 RPM 

Reduction Ratio 1:14 
 

Table 2. Specifications and dimensions of M420 

rotary torque transducer (Size1). 

Specifications 

Torque Ratings 0-100Nm 

Max Rotation 

Speed 

0-10,000 rpm 

Accuracy 0.1% 

Operating Temp 0-70ºC 

Supply Voltage 15-24VDC 

Cable Length 4 metre to 

interface 

(Standard) 

Dimensions 

A: Overall Length 184 mm 

B: Shaft Diam 15 mm 

C: Body Length 129 mm 

D: Body Diam 60 mm 

E: Exposed Shaft  

Length 

27.5 mm 

F: Keyway 

Length 

22.5 mm 

G: Keyway Width 5 mm 

H: Keyway Depth 

off centre 

4.3 mm 

 

 

Table 3. Experimental data for water test: (NRe) & (NPo) values. 

N(rad/s) d (meter) 
ρ 

(kg/m
3
) 

η (kg/m.s) T (Nm) NRe NPo 

1.570796327 

0.16 1000 0.001 

0.070581 40212.39 0.272803 

2.617993878 0.084697 67020.64 0.117851 

3.665191429 0.105872 93828.9 0.07516 

4.71238898 0.155278 120637.2 0.066685 

5.759586532 0.176453 147445.4 0.00728 

6.806784083 0.211743 174253.7 0.043584 

7.853981634 0.247034 201061.9 0.038192 

 
Average 120637.2 0.09499 
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Table 4. Experimental data for cement slurry: Study’s Rheometer. 

N (rpm) N (rps) 
·
a (1/s) k' (1/rev) 

25 0.416667 0.34229433 0.821506393 
35 0.583333 0.210670077 0.361148704 
45 0.75 0.146701589 0.195602119 
55 0.916667 0.109885039 0.119874588 
65 1.083333 0.086390424 0.079745007 
75 1.25 0.070302799 0.05624224 
85 1.416667 0.05870804 0.04144097 
95 1.583333 0.050019442 0.031591227 

105 1.75 0.043306018 0.024746296 
115 1.916667 0.037988833 0.01982026 
125 2.083333 0.03369073 0.01617155 
135 2.25 0.03015645 0.013402867 
145 2.416667 0.027207643 0.011258335 
155 2.583333 0.024716285 0.009567594 
195 3.25 0.017758693 0.005464213 
225 3.75 0.014451669 0.003853778 
235 3.916667 0.013574477 0.003465824 
250 4.166667 0.012417301 0.002980152 
275 4.583333 0.010824847 0.002361785 

Average 0.095802311 

 

Table 5. Chemical and physical composition of cement. 

Chemical Composition 

Oxides Test Results IOS 5:1984 
criteria 

Oxides Test Results IOS 5:1984 criteria 

SiO2 19.22 - SO3 2.03 < 2.8 

Fe2O3 3.34 - L.S.F 1.01 0.66 - 1.02 

Al2O3 4.51 - L.O.I 3.72 < 4 

CaO 63.26 - I.R 0.84 < 1.5 

MgO 2.62 < 5 C3A 6.59 - 

Physical Properties 

Properties Test Results IOS 5:1984 

Specific surface area (Blaine Method), m2/kg 352 > 230 

Mortar Compressive strength (MPa) at 
3   days 20.8 > 15 
7   days 26.00 > 23 

Setting Time(min) 
Initial 141 min.  45 min. 
Final 320 min. 10 hours 

Soundness: autoclave % 0.03 < 0.8 
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Table 6. Grading and physical properties of fine aggregate. 

Sieve size 

(mm) 

% Passing by 

weight 

Limits  of the Iraqi specification No.45/1984 

(zone 3) 

10 100 100 

4.75 97 90-100 

2.36 91 85-100 

1.18 84 75-100 

0.60 71 60-79 

0.30 18 12-40 

0.15 7 0-10 

Physical Properties Test Results Limits  of the Iraqi specification No.45/1984 

Specific gravity 2.60 - 

Sulfate content 0.17 % ≤ 0.50 % 

Absorption 0.75 % - 

 

Table 7. Grading and physical properties of coarse aggregate. 

Sieve size 

(mm) 

% Passing by 

weight 
Limits  of the Iraqi specification No.45/1984 

20 100 100 

14 98 90-100 

10 84.6 85-100 

5 10.0 0-10 

2.36 0 0-5 

Physical Properties Test Results Limits  of the Iraqi specification No.45/1984 

Specific gravity 2.63 - 

Sulfate content 0.06 % ≤ 0.1 % 

Absorption 0.63 % - 

 

Table 8. Categories and description of variables in mixes. 

Group No. Mix Symbol Description of Variables in Mixes 

1 C Reference Mix 

2 
SP1 0.8 % SP (by cement weight) 
SP2 1.2 % SP (by cement weight) 

SP3 1.4 % SP (by cement weight) 

3 

W/P1 w/p = 1 by volume 
W/P 2 w/p = 1.05 by volume 

W/P 3 w/p = 1.15 by volume 
W/P 4 w/p = 1.20 by volume 

4 

CC1 Decrease Cement Content by (4.58%); [w/p constant] 
CC2 Decrease Cement Content by (1.56%); [w/p constant] 
CC3 Increase Cement Content by (2.6%);  [w/p constant] 
CC4 Increase Cement Content by (5%);   [w/p constant] 

5 

S/A1 S/A = 0.425  by volume 
S/A 2 S/A = 0.450  by volume 
S/A 3 S/A = 0.500 by volume 
S/A 4 S/A = 0.525 by volume 
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Table 9. Details of C, SP1, SP2, SP3, W/P1, W/P 2,  W/P 3 & W/P 4 mixes (Category 2). 

  C SP1 SP2 SP3 W/P 1 W/P 2 W/P 3 W/P 4 

Materials Unit Quantity Quantity Quantity Quantity Quantity Quantity Quantity Quantity 

Water Liter/m
3 

168 168 168 168 168 168 168 168 

Cement Kg/m
3

 480 480 480 480 529 504 460 441 

Sand Kg/m
3

 814 814 814 814 795 805 822 830 

Gravel Kg/m
3

 910 910 910 910 889 900 919 928 

Super-

Plasticizer 

% of 

cement 

mass 

1 0.80 1.20 1.40 1 1 1 1 

 

Table 10. Details of CC1, CC 2,  CC 3, CC 4, S/A 1, S/A 2,  S/A 3 & S/A 4 mixes (Category 4). 

  CC 1 CC 2 CC 3 CC 4 S/A 1 S/A 2 S/A 3 S/A 4 

Materials Unit Quantity Quantity Quantity Quantity Quantity Quantity Quantity Quantity 

Water Liter/m
3 

160 165 172 176 168 168 168 168 

Cement Kg/m
3

 458 472.5 492.5 504 480 480 480 480 

Sand Kg/m
3

 833 821 805 795 728 771 857 900 

Gravel Kg/m
3

 931 918 900 889 997 954 867 824 

Super-

Plasticizer 

% of 

cement 

mass 

1 1 1 1 1 1 1 1 

 

Table 11.Results of RP-CS model. 

Item Value 

Training Performance 0.950237 

Test Performance 0.921961 

Validation Performance 0.900702 

Training Error 0.025069 

Test Error 0.035493 

Validation Error 0.051216 

BFGS Algorithem Cycles BFGS 106 

Hidden Activation Tanh 

Output Activation Logistic 
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Table 12. R
2
 & Regression equations for (T) and (N) relations. 

Mix R
2
 Regression Equation 

Mix C 0.9570 T = 0.5285+0.024*N 

Mix SP1 0.9554 T = 0.5391+0.0239*N 

Mix SP2 0.9831 T = 0.5233+0.0241*N 

Mix SP3 0.9578 T = 0.5128+0.0242*N 

Mix WP1 0.9692 T = 0.5595+0.0262*N 

Mix WP2 0.9787 T = 0.5454+0.025*N 

Mix WP3 0.9877 T = 0.5167+0.0227*N 

Mix WP4 0.9924 T = 0.4836+0.0211*N 

Mix CC1 0.9778 T = 0.5559+0.0256*N 

Mix CC2 0.9610 T = 0.5401+0.0241*N 

Mix CC3 0.9560 T = 0.5182+0.0233*N 

Mix CC4 0.9611 T = 0.5064+0.0225*N 

Mix SA1 0.9943 T = 0.4651+0.0236*N 

Mix SA2 0.9751 T = 0.4968+0.024*N 

Mix SA3 0.9312 T = 0.5594+0.0251*N 

Mix SA4 0.9690 T = 0.5885+0.0252*N 

 

Table 13. Measured and predicted yield stress (τo). 

Mix 
Yield Stress (τo) (Pa) 

Measured Predicted 

C 129.558 130 

SP1 132.594 133 

SP2 126.082 129 

SP3 122.233 126 

W/P1 146.262 138 

W/P 2 140.704 134 

W/P 3 121.914 127 

W/P 4 113.223 119 

CC1 136.745 138 

CC2 129.893 133 

CC3 121.401 127 

CC4 116.649 125 

S/A1 106.440 114 

S/A 2 116.584 122 

S/A 3 138.880 138 

S/A 4 146.041 145 
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Table 14. Measured and predicted viscosity (µ). 

 

Mix 
Viscosity (µ) (Pa s) 

Measured Predicted 

C 59.005 61.75 

SP1 57.553 61.25 

SP2 60.579 62.00 

SP3 62.282 62.25 

W/P1 69.436 67.25 

W/P 2 65.919 64.25 

W/P 3 56.296 58.25 

W/P 4 51.245 54.25 

CC1 64.653 65.50 

CC2 63.258 62.00 

CC3 57.628 59.75 

CC4 55.996 57.75 

S/A1 54.206 60.75 

S/A 2 57.375 61.5 

S/A 3 63.808 64.50 

S/A 4 67.087 64.75 
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ABSTRACT 

      The study presents the test results of stabilizing gypseous soil embankment obtained from 

Al- Faluja university Campus at Al-Ramady province. The laboratory investigation was divided 

into three phases, The physical and chemical properties, the optimum liquid asphalt (emulsion) 

requirements (which are manufactured in Iraq) were determined by using one dimensional 

unconfined compression strength test.in the first phase , The optimum fluid content was 11% 

(6% of emulsion with 5% water content).. At phase two, the effect of Aeration technique was 

investigated using both direct shear and permeability test. At phase three for the case of static 

load , the pure soil embankment model under dry test condition was investigated, The testing 

program included the determination of the unconfined compressive strength, direct shear 

strength, constant head permeability test, and one dimensional consolidation test for pure and 

asphalt stabilized gypseous soil. Testing was carried out in dry and absorbed conditions, the 

maximum pressure that can be supported before failure (ultimate sustained pressure) is 0.76 

MPa with vertical settlement (0.21 mm) . However, For the pure soil embankment model under 

absorbed condition it was found that the maximum pressure before failure (ultimate sustained 

pressure) is 0.3 MPa with vertical settlement (12 mm), Which reflects the reduction in bearing 

capacity by (61%). Compression was made for absorbed stabilized soil and un-absorbed soil 

tested under hydraulic conductivity test for seven days, the results showed that a very low 

margin deffeneces in maximum pressure resistance and settlement were obtained (4.38 MPa , 

0.11mm ) and (4.11MPa , 0.12mm).  

Key words: gypseous soil, Emulsion, hydraulic conductivity , soil stabilization. 

 دراسة تصرف التربة الجبسية المحسنة بالاسفلت لنمورج تعلية ترابية

 حسين قاسم عبذ الامير 

 ياجغرٍش هُذعح يذٍَح

جايعح تغذاد-انهُذعحكهٍح   

محمود رياب احمذ                                                                                                                          سعذ عيسى سرسم          

         يذسط                                                                                                                                           أعرار

     جايعح تغذاد -كهٍح انهُذعح       جايعح تغذاد                                                                                                              -كهٍح انهُذعح

الخلاصة   

انرشتح انجثغٍح نهزا انثحس احضشخ يٍ جايعح انفهىجح يذٌُح انشيادي, انفحىص انًخرثشٌح قغًد انى شلاز اقغاو7 انقغى     

الاول اٌجاد انخىاص انفٍضٌاوٌح وانكًٍٍاوٌح, وانُغثح انًصهى نًغرحهة الاعفهد انًظُىع فً انعشاق انرً وجذخ يٍ فحض 

% ياء( , وتشَايج  2% يغرحهة الاعفهد + 3% ) 11اَد انُغثح انًصهى نهغاشم هً يقاويح انضغظ الايحظىس حٍس ك
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انفحىص انعًهٍح كاَد اٌجاد يقاويح الاَضغاط, يقاويح انقض انًثاشش, انُفارٌح و الاَضًاو تؤذجاِ واحذ نهرشتح انجثغٍح فً 

انقض انًثاشش , ايا انقغى انصانس فقذ  ذى ذغهٍظ حًم  حانرها انجافح وانشطثح. انقغى انصاًَ اعرعًهد ذقٍُح انرهىٌح يٍ خلال فحض

( عى تُفظ انكصافح انًحذونح انًعذنح واٌضآ خًظ طثقاخ تًعذل  53*  52*  52عاكٍ يٍ خلال اعرعًال طُذوق تؤتعاد ) 

نرىطٍم ( عى نكم طثقح , وذى فحض الاَضغاط نهرشتح انًحغُح و انغٍش يحغُح ترغهٍظ حًم شاتد ترؤشٍش وعذو ذؤشٍش ا3)

 انهاٌذسونٍكً وقذ ذى اعرعًال حغاط سقًً نحغاب انهطىل انعًىدي.        .                       

فقذ وجذ اٌ يقذاس انرىطٍم انهاٌذسونٍكً نهًاء انى انغطح خلال شلاشح اٌاو نهرشتح انغٍش يحغُح  انًغًىسج فقذ كاٌ انرشىِ      

( يهى , و نهرشتح انغٍش يحغُح وانغٍش يغًىسج ذحد ذؤشٍش ضغظ 15تاعكال هى ) ( يٍكا3.5انعًىدي ذحد ضغظ اقظى يقذاسِ )

%(. ايا  يقذاس انرىطٍم انهاٌذسونٍكً نهًاء 31(يهى, أي يقذاس انُقظاٌ هى )3.51( يٍكا تاعكال هى )3.43اقظى يقذاسِ )

يٍ انصهس انغفهً فقذ كاٌ  انرشىِ انعًىدي  ( اٌاو نهرشتح انًحغُح  انًغًىسج  نى ٌرجاوص فرحاخ دخىل انًاء4انى انغطح خلال)

( يهى , و نهرشتح انًحغُح وانغٍش يغًىسج ذحد ذؤشٍش ضغظ اقظى 3.15( يٍكا تاعكال هى )1.11ذحد ضغظ اقظى يقذاسِ )

 (يهى, أي يقذاس انُقظاٌ غٍش يهحىظ.3.11( يٍكا تاعكال هى )1.55يقذاسِ )
 

1. INTRODUCTION 

    The sandy soil with high gypsum content usually referred to as gypseous soil covers vast area 

in south, east, middle and west regions of Iraq, such soil possesses a type of cohesive forces 

when mixed with optimum amount of water and then compacted, but losses its strength when 

flooded with water again. Covering the soil particles with thin asphalt layer in a stabilization 

process will increase the cohesion, will limit the negative effect of water by blocking the voids, 

and will reduce the ability of water to traverse the soil layer through capillary action process. 

    The economic backfill material suitable for such embankments and roads  could be the 

available local soil. When the soil is gypseous, it will be suitable for compaction use in the dry 

condition. There will always be a possibility for water to penetrate through the pavement cracks 

to the soil beneath. It may exhibit hazardous situation ,Then to prevent the soil from collapsing, 

the asphalt stabilization could provide a good remedy. for such case, theoretically, each particle 

of the gypseous soil will be surrounded by a thin film of asphalt which will act as a binding and 

a damp proofing agent. Stabilization of such soil with liquid asphalt will furnish waterproof 

layers with extra particles bond to serve for embankment construction. Two loading type 

subjected on embankment during the service life are the repeated load by vehicles and static 

loading due to its self weight. 

2. BAGROUND 

     For the construction of any type of structure resting on problematic soils such as gypseous 

soils, there are many available methods to improve the behavior of soil. One of these methods is 

stabilization with asphalt which is used as addition to prevent water penetration that cause 

collapsibility potential and to improve the characteristics of the soil. 

2.1 Gypseous Soils 

     In gypseous soils, collapse or compression occurs very quickly when the site is flooded with 

water during heavy rainfall, irrigation or breaking of  sewerage and water pipes which may 

damage the engineering structures because the element of structure can not follow the sudden 

deformation occures by rearrangement of the inside forces or stresses , Al-Mohammadi, 1987. 

high strength of dry gypseous soil can be obtained, but great losses in strength and sudden 

increase in compressibility occur when these soils are fully or partially saturated. The 

dissolution of the cementing gypsum causes high softening of the soil. The problem becomes 

more complicated when the ground water flows through the gypseous soil causing leaching and 

movement of gypsum. In addition to softening, a loss in soil solids takes place. This causes a 

continuous collapse in the gypseous soil, AL-Mufty, 1997. 
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2.2 Asphalt Emulsion 
     It is simply a suspension of small asphalt globules in water assisted by an emulsifying agent 

such as soap. The emulsifying agent assists by imparting an electrical charge to the surface of 

the asphalt cement globules. Emulisified asphalts are divided into three major groups, namely, 

anionic, cationic and nonionic, on the basis of the electrical charges of the asphalt particle in the 

emulsion. Emulisified asphalts are further classified into three main groups namely, rapid-setting 

(RS), medium-setting (MS) and slow-setting (SS), on the basis of how quickly the suspended 

asphalt particles revert back to the asphalt cement, a form in which it is actually nedded as a 

binder Olutaiwo, et al., 2008, so Table  2 shown the property of emulsion.  

 

3. CHEMICAL TEST 

The following chemical tests are conducted: 

1- Total soluble salts (T.S.S.) (%). 

2- Total (CO3) (%). 

3- Total (SO3) (%). 

4- Gypsum content (%). 

5- pH value.  

4. PHYSICAL TEST 

     Classification tests performed on the soil include particle sizedistribution, specific gravity, 

Atterberg limits, relative density, and compaction characteristics. Physical tests were conducted 

as described in Table 1.  

 

5. MATERIAL TEST 
    Asphalt Emulsion used in the testing program was locally manufactured by Al- Zahf Al- Kabeer 

company with low cost, The specifications as supplied by the manufactured are as given in Table 2. 

 

5.1 Design of Gypseous Soil-Asphalt Mixture 

    To prepare the specimen, the pulverized and homogenous gypseous soil passing sieve No.4 

was oven dried at a temperature of (45°). The optimum moisture content and the maximum dry 

density of the soil that were found through modified compaction test was 17.7 kN/m
3
(95% of 

modified compaction test) and was selected as a field target in compaction process. Such an 

issue is mostly considered as an acceptable relative compaction in most engineering 

requirements, It agrees well with procedure of Hamdy, 2010, Al-Mohammadi, 1987, Al- 

Mufty, 1997, Al-Safarani, 2007,  so, Fig 1 shown the  Stress-Strain relationship for the 

unconfined compression test for soil with 11% fluid content.  

    The test was conducted on soil samples mixed by splitting the optimum moisture content into 

water and emulsion content which will be referred as to optimum fluid content obtained  from 

modified compaction which was (11%), .The water contents were in a range from 4% to 8% 

with (1%) increment, while the emulsion was in different percentages of 3% to 7% with (1%) 

increment. Specimens were allowed to cure for seven days at room temperature of (27± 3)ºC and 

the average value of the unconfined compressive strength for each duplicate specimens were 

calculated, and Fig. 2 shown the Unconfined compression strength – emulsion content (%) 

relationship. 

5.2 Absorption technique 

     Unconfined compression test specimens were prepared using the same method, size and 

density as was described in the unconfined compression test. Duplicate specimens having the 
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same fluid content were prepared. Specimens were subjected to seven days curing at air dried 

condition. After an absorbed period of 7 days, The unconfined compressive strength of 

specimens was tested, same the results that obtained by Ingles and Metcalf, 1972. It is clear 

from Table 4 that the effect of  hydraulic conductivity on the unconfined compressive strength. 

 

5.3 Direct shear test 

      Direct shear test was carried out on eleven groups of different specimens to determine the 

shear strength parameters, cohesion and angle of internal friction. The dry density was found to 

be 17.7 kN/m
3
 as described in section(3.4, modified compaction). The optimum fluid content 

was determined from the unconfined compression strength test as (5% water + 6% emulsion) 

same the percentage that carried out by Sarsam, 1979 and Sarsam, 2008. It is clear from Fig. 3 

to Fig. 10. 

 

5.4 Aeration of asphalt soil 

     The Aeration technique was adopted before compaction by allowing the loose mix to be 

subjected to atmosphere condition at laboratory temperature of (30 ± 3)ºC for different times . 

The aeration periods were (30 ,60 , 90, 120, 240) minutes respectively with emulsion for 

direction shear test. 

    Eleven group of specimens were tested. The 1
st
 and 2

nd
 groups of specimens are not stabilized, 

It was pure soil. The specimens were tested in direct shear which was conducted in soaked and 

unsoaked conditions.  The 3
rd

 and 4
th

 group of specimens are stabilized with optimum emulsion 

content and constructed without Aeration then the specimens were left for 7 days for curing. The 

period of soaking was (3-4)hrs. The 5
th

 ,6
th

 ,7
th

 ,8
th

 and 9
th

 group of specimens were stabilized 

with optimum Emulsion content and subjected to Aeration for different time (30 ,60 , 90, 120, 

240 ) minutes respectively and then the specimens were left for 7 days for curing. The 10
th

 and 

11
th

 groups of specimens were stabilized with emulsion and subjected to Aeration condition as 

(120,140) minutes respectively and then tested under soaked condition. The effect of aeration on 

shear strength variable were examined. It is clear from Fig. 9 and Fig. 10. 

5.5 Static loading test 

    Four laboratory static loading tests were carried out on gypseous soil samples; the same 

procedure was applied for the four cyclic loads in the previous tests, but the new box was 

manufactured with dimension of ( 30cm x 30cm  x 40cm) and had inlets in the bottom of box to 

allow the water touch the soil that put in the outer box under absorb condition. Same results are 

agreeing with Al-Basri, 2012.  

    The first test was on a non-stabilized gypseous soil embankment model cured for (24) hours 

in air.  

    The second test was carried out on a non-stabilized  gypseous soil embankment model cured 

for (24) hours in air, then subjected to capillary rise with water through addition of water around 

the box that had inlets to allow the water touch the gyseous soil and then left for three days 

before applying the test.  

   The third test was carried out on stabilized gyseous soil with emulsion in dry condition; the 

mix was left for 2 hrs for aeration before  the compact and then the model cured for (7) days 

before test. It is clear from plate 5 and plate 6 are showing the set up of model.                

   The fourth test was for stabilized soil with under absorbed condition; the same procedure was 

applied for the third test by Aeration and curing, but the model was left with absorbed for 7 

days. The model of dry pure soil of embankment model was considered as a reference to 

absorbed pure soil of embankment model as an improvement percentage, while the model of 
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absorbed stabilized soil was considered as a reference for the pure stabilized embankment model 

with emulsion as an improvement percentage. 

 

5.5.1 Static loading test for the pure gypseous soil embankment model with dry condition 

   The pure gypseous soil was selected for this test; it was compacted in the model box and cured 

for 24 hours and then tested. Measurements of vertical settlements versus the applied vertical 

pressure were carried out. It is clear from Fig. 11 that the load-vertical deflection characteristics 

of the pure gypseous soil sample, It is clear from plate 6 that shows the test. 

5.5.2 Static loading test for the pure gypseous soil embankment model under absorbed     

condition 

    The 2
nd

 static loading test was for the pure gypseous soil embankment mode with observed 

condition. Hence, the model was allowed to face capillary rise of water for (3) days. It is clear 

from Fig. 12 that the load-vertical deflection characteristics of the pure gypseous soil sample, 

and It is clear from plate 7 that shows the test. 

5.5.3 Static loading test for the dry stabilized gypseous soil embankment model 

   The third test was carried out on a stabilized soil embankment model using emulsion asphalt 

for stabilization (based on 11 % of stabilizing material by weight, which is 6% Emulsion and 5% 

water. the mix was left for 2 hrs for aeration before the compact of 5 layers and then the model 

was cured for (7) days before test. The stabilized soil embankment model resists the pressure 

and less vertical displacement , Applied pressure - vertical settlement  for  stabilized gypseous 

soil with dry condition the vertical displacement at (0.77 Mpa )  was  (0.0037 mm), So the rate 

of  decreased  in vertical displacement was (- 69%) with compared to pure gypseous soil. This 

result is shows the strength and cementation added by emulsion to the soil. It is clear from Fig. 

13 that the load-vertical deflection characteristics of the pure gypseous soil sample, And it is 

clear from plate 8 that shows the test. 

5.5.4 Static loading test for the stabilized gypseous soil embankment model under absorbed 

condition 

    The fourth test was carried out for stabilized soil. In this test the same procedure was applied for the 

third test but after curing for 7 days. The model was absorbed for 7 days. The box was put in a container 

and the water was poured and left for 7 days to absorb condition from the inlet in the side bottom around 

the box. The applied pressure - vertical settlement  for  pure gypseous soil with absorbed condition the 

vertical displacement was (0.3 Mpa ) with (12 mm), so when compared with absorbed stabilized 

gypseous soil, the vertical displacement was (0.0021 mm). Stabilization with emulsion was successfully 

as used to prevent the hydraulic conductivity and make blocking between the voids and add more 

strength and cementation for the soil particles especially for gypseous soil with a percent of gypsum that 

causes a collapse when touched by water or in wet state under road, embankment or another construction. 

It is clear from Fig. 14 that the load-vertical deflection characteristics of the pure gypseous soil sample. 
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6. CONCLUSION 

1. The unconfined compressive strength of the soil-emulsion mixture under dry and 

absorption test conditions increases with increasing emulsion asphalt content up to the 

optimum emulsion  asphalt content of 6% and then decreases. 

2. For pure gypseous soil tested at dry condition, the cohesion (c) was found to be 41 kPa, 

when the soil was stabilized by emulsified asphalt  without Aeration condition; the 

cohesion was increased to 140 kPa which means an improvement by 250 %.  

3. When the soil was stabilized by emulsified asphalt and aerated for two hours and tested 

under dry condition, the cohesion (c) was found to be 168 kPa , so the cohesion was 

improved by 21.5% improving on stabilized soil without Aeration.  

4. When gypseous soil was tested at absorption condition, the cohesion (c) was found to be 

29 kPa, But when the soil was stabilized with emulsified asphalt without aeration and 

tested at absorbed condition,  the cohesion was 53 kPa which means an improvement by 

83 %.  

5. When the soil was stabilized by emulsified asphalt and aerated for two hours  at absorbed 

condition , the cohesion (c) was found 64 kPa , so the cohesion was improved by 21 % , 

with respect to non aerated condition.   

6. For the case of static load of the pure soil embankment model under dry  test condition, 

the maximum pressure that can be supported before failure (ultimate sustained pressure) 

wass 0.76 MPa with vertical settlement (0.21 mm) . However, For the pure soil 

embankment model under absorbed condition, it was found that the maximum pressure 

before failure (ultimate sustained pressure) was 0.3 MPa with vertical settlement (12 

mm).which means an decrease in bearing capacity (61%). 

7. The hydraulic conductivity of gypseous soil was changed by asphalt stabilization. When 

tested  under dry condition, a maximum pressure resistance of 4.38 MPa with vertical 

settlement (0.11 mm) was shown. But when stabilized soil was subjected to absorption 

for seven days, a maximum pressure resistance of 4.11 MPa with vertical settlement 

(0.12 mm) was shown;i.e. there was no difference in claim. 
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Table 1 Properties of gypseous soil. 

Physical property Test result 

Specific gravity according [B.S-13377:I976, test No. 

(6)] 

Gs=2.48 

Atterberg Limits: 

Liquid limit (%) according  

Plastic limit (%) according  

Plasticity Index (%) 

 

24 

Non plastic 

Non plastic 

Standard compaction properties according Max. 

standard dry density 

Optimum moisture content (%) 

17.17 kN/m
3 

 

14% 

Modified compaction properties 

Max. modified dry density 

Optimum moisture content (%) 

18.67 kN/m
3
 

 

11% 

Maximum dry density according to  15.5 kN/m
3

 

Minimum dry density according to 

ASTM  

11.7 kN/m
3

 

Coefficient of curvature 1.5 

Coefficient of uniformity 6.2 

Unified Classification System SP-SM 
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Table 2 Properties of asphalt emulsion. 

Property  Test result  

Particles charge +ve 

Viscosity CSt 45 

Cement mixing 1.2 

Settling time (hr) 19 

Coating ability and water resistance Good 

Coating dry & wet aggregate Fair 

 Al-zahf Al-Kabeer Co./Baghdad 

  
Table 3. Chemical composition of the natural soil. 

Chemical Composition 

 

Percentage % 

Gypsum content (CaSO4) (%) 49 

Carbonate content (CaCo3) (%) 46 

Total soluble salts (T.S.S.) (%) 38 

Total (SO3) (%) 22 

pH value 7.77 

 

                  Table 4 Effect of  hydraulic conductivity on the unconfined compressive strength. 

 

 

Emulsion 

content (%) 

Unconfined 

compressive 

strength (kPa) 

with dry condition 

 

Unconfined 

compressive 

strength (kPa) 

(under absorbed 

condition) 

Percent 

changing 

unconfined 

compressive 

strength (%) 

4 497 73 -85.31 

5 645 80 -87.59 

6 690 85 -87.68 
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Figure 1. Stress-strain relationship for the unconfined compression test for soil with 11% fluid 

content. 
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Figure 2. Unconfined compression strength – emulsion content (%) relationship. 
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Figure 3. Shear stress- horizontal displacement relationship for non-stabilized gypseous soil 

(dry condition). 
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Figure 4. Shear stress- horizontal displacement relationship for non - stabilized gypseous soil ( 

soaked condition) period time (3-4) hrs. 
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Figure 5.  Shear stress- horizontal displacement relationship for stabilized gypseous soil with 

emulsion( dry condition). “0 aeration” 
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Figure 6. Shear stress- horizontal displacement relationship for stabilized gypseous soil with 

emulsion(dry condition). “½ hr aeration” 
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Figure 7. Shear stress- horizontal displacement relationship for stabilized gypseous soil with 

emulsion( soaked condition ). “ 0 aeration” 
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Figure 8. Shear stress- horizontal displacement relationship for stabilized gypseous soil with 

emulsion(soaked condition). “ 2 hrs aeration” 
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Figure 9. Direct shear test results for stabilized and non-stabilized. 
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Figure 10. Direct shear test results for stabilized and non-stabilized gypseous soil under soaked 

condition with aeration technique. 
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Figure 11. Applied pressure - vertical settlement  for  pure gypseous soil at dry condition. 
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Figure 12. Applied pressure - vertical settlement  for  pure gypseous soil at hydraulic 

conductivity. 
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Figure 13. Applied pressure - vertical settlement  for  stabilized gypseous soil at dry condition. 
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Figure 14. Applied pressure - vertical settlement  for  stabilized gypseous soil at absorbed 

condition. 
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Plate 1. Curing for specimens of soil stabilized with emulsion. 

 

    

Plate 2. absorption technique for unconfined compression test. 
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Plate 3.  Aeration technique in process. 

 

      

Plate 4. Curing for specimens of soil stabilized. 
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Plate 6. Set up of embankment model. 

 

 

Plate 7. Punching failure after static loading test for the pure gypseous soil under absorbed 

condition. 
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Plate 8. Vertical deformation of tire print for stabilized embankment model. 

 

 

Plate 9. Effect of  hydraulic conductivity of asphalt stabilized soil on capillary rise of water after 

static loading application. 
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ABSTRACT 

This paper presents a comparative study of two learning algorithms for the nonlinear PID 

neural trajectory tracking controller for mobile robot in order to follow a pre-defined path. As 

simple and fast tuning technique, genetic and particle swarm optimization algorithms are used to 

tune the nonlinear PID neural controller's parameters to find the best velocities control actions of 

the right wheel and left wheel for the real mobile robot. Polywog wavelet activation function is 

used in the structure of the nonlinear PID neural controller.  Simulation results (Matlab) and 

experimental work (LabVIEW) show that the proposed nonlinear PID controller with PSO 

learning algorithm is more effective and robust than genetic learning algorithm; this is 

demonstrated by the minimized tracking error and obtained smoothness of the velocity control 

signal, especially when external disturbances are applied. 

 

Key words: genetic algorithm, particle swarm optimization, nonlinear PID controller, NI mobile 

robots, trajectory tracking. 

 

 

مسيطر تتابع مسار عصبي لأخطي تناسبي تكاملي دراسة مقارنة لخوارزميات ركية متنوعة أساسه 

 تفاضلي لنمورج التحرك التفاضلي لإنسان آلي متنقل.

 
 أحمذ صباح عبذ الأمير الأعرجي

 أسخار ٍساعذ دمخىس

 اىجاٍعت اىخنْىىىجيت -قسٌ هْذست اىسيطشة واىْظٌ 

 

 الخلاصة

حخابعي ىَساس عجيت الإّساُ لاخطي حْاسبي حناٍيي حفاضيي عصبي ٍسيطش  ىخعييٌخىاسصٍيخيِ ت ٍقاسّت ىدساسيقذً هزا اىبذث, 

  يخبع ٍساس ٍسخَش ٍعشف ٍسبقا.ىني  ٍخذشك آىي

خْغيٌ عْاصش اىَسيطش خىاسصٍيت دشذ اىجسيَاث الاٍثييت ىاىىساثيت واىخىاسصٍيت مخقْياث سهيه وسشيعت اىخْغيٌ, ىقذ حٌ اسخخذاً 

ىقذ حٌ اسخخذاً اىذاىت  خطي اىخْاسبي اىخناٍيي اىخفاضيي لإيجاد أفضو أشاسة سشعت ىعجيت  ىلإّساُ الآىي اىَخذشك اىذقيقي.اىلا

 اىفعاىت ٍىجت اىبىىيىّل في هينييت اىَسيطش اىعصبي.  

اىَقخشح حْغيَه  اىلاخطي اىخْاسبي اىخناٍيي اىخفاضيي اىعصبي اىَسيطش أُ أثبخج اىعَو اىخجشيبي,ٍِ خلاه ّخائج اىَذاماة و 

ٍقاسّت باىَسيطشة اىزي حٌ حْغيَه بىاسطت اىخىاسصٍيت اىىساثيت,  ٍخاّتفعاىيت و  أمثشدشذ اىجسيَاث الاٍثييت  خىاسصٍيتبىاسطت 

 حقييو اىخطأ أىخخابعي ىَساس الإّساُ الآىي اىَخذشك ٍع حىىيذ أشاسة سشعت ّاعَت, بشغٌ ٍِ وجىد اىخأثيشوهزا واضخ ٍِ خلاه 

 الاضطشابي اىخاسجي. 

 

 الكلمات الرئيسية:

اىخناٍيي اىخفاضيي اىلاخطي, الإّساُ الآىي اىَخذشك, حخابع  ياىخىاسصٍيت اىىساثيت, دشذ اىجسيَاث الأٍثييت, اىَسيطش اىخْاسب

    .ٍساس
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1. INTRODUCTION 

In the last decade, there has been an increasing amount of research on the subject of wheel-based 

mobile robots which have attracted considerable attention in various industrial and service 

applications. For example, room cleaning, lawn mowers, factory automation, transportation, 

nuclear-waste cleaning, Wai, and Liu, 2009. 

These applications require mobile robots to have the ability to track specified path stably; 

therefore, several studies have been published for solving the mobile robot path tracking control 

problems which can be classified into three categories: The first category is the position 

estimation control approach for navigation problems of the mobile robot on interactive motion 

planning in dynamics environments and obstacle motion estimation, Chang, et al., 2009. The 

second category for navigation problems of the mobile robot is path planning and execution. The 

path planning is generated based on a prior map of the environment while the executed path is 

planned using certain optimization algorithms based on a minimal time, minimal distance or 

minimal energy performance index. Many methods have been developed for avoiding both static 

and moving obstacles as presented in, Sahin, and Zergeroglu, 2007. The third category for the 

navigation problems of mobile robot is the design and implementation of the driving control that 

the mobile robot must track to follow a desired path accurately and minimize the tracking error. 

Tracking errors of mobile robot causes collisions with obstacles due to deviations from the 

planned path and also causes the robot to fail in accomplishing the mission successfully. It also 

causes an increase of the traveling time, as well as the travel distance, due to the additional 

adjustments needed to satisfy the driving sates. The major reasons for tracking error for mobile 

robot are the small rotation radius or not constant on the path such as the complex curvature or 

randomly curvature, Takanori, et al., 2000. 

In, Mnif, and Touati, 2005. artificial intelligent controllers were carried out using neural 

networks or fuzzy inference in order to control the trajectory tracking for the mobile robot while 

the traditional control methods for path tracking have been used linear or non-linear feedback 

controller. There are other techniques for trajectory tracking controllers such as predictive 

control technique. Predictive approaches to path tracking seem to be very promising because the 

reference trajectory is known beforehand. Model predictive trajectory tracking control was 

applied to a mobile robot where linearized tracking error dynamics was used to predict future 

system behaviour and a control law was derived from a quadratic cost function penalizing the 

system tracking error and the control effort, Klancar, and Skrjanc, 2007. 

In addition, an adaptive trajectory-tracking controller based on the robot dynamics was proposed 

in, Park, et al. 2010. Intelligent control architecture for two autonomously driven wheeled robot 

was developed in, Su, et al. 2010, that consists of the fuzzy inference as main controller and the 

neural network is an auxiliary part. 

The fundamental essence of the contribution of this work can be understood considering the 

following points. 

 The analytically derived control law which has significantly high computational accuracy 

to obtain the best control action and lead to minimum tracking error of the mobile robot 

based on genetic algorithm and particle swarm optimization. 

 Investigation of the controller robustness and adaptation performance through adding 

boundary unknown disturbances. 

 Verification of the proposed controller capability of tracking continuous trajectory is 

done by an experimental work using NI mobile robot model. 

Simulation results and experimental work show that the proposed controller with PSO learning 

algorithm is more robust and effective than controller with genetic learning algorithm in terms of 
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minimum tracking error and in generating best velocity control action despite of the presence of 

bounded external disturbances.  

The remainder of the paper is organized as follows: Section two is a description of the 

kinematics model of the differential wheeled mobile robot model and check controllability for 

the mobile robot. In section three, the proposed nonlinear PID neural controller is derived based 

on genetic algorithm and particle swarm optimization. The simulation results and experimental 

work of the proposed controller are presented in section four and the conclusions are drawn in 

section five. 
 

2. DIFFERENTIAL WHEELED MOBILE ROBOT PLATFORM 

The schematic of the differential drive mobile robot, shown in Fig. 1, consists of a cart with two 

driving wheels mounted on the same axis and one castor wheel as an omni-directional in the 

front of cart in order to carry the mechanical structure and keep the platform of the mobile robot 

more stable, Al-Araji, et al, 2013. Two independent analogous DC motors are the actuators of 

left and right wheels for motion and orientation. The two wheels have the same radius denoted 

by r , and L  is the distance between the two wheels. The center of mass of the mobile robot is 

located at point c , center of axis of wheels.  

The pose of mobile robot in the global coordinate frame  YXO ,,  and the pose vector in the surface 

is defined as:  

 
Tyxq ),,(                                                                                                                                         (1) 

 

where 13)( tq ,    

x and y are coordinates of point c and   is the robotic orientation angle measured with respect to 

the X-axis. These three generalized coordinates can describe the configuration of the mobile 

robot.  

It is assumed that the mobile robot wheels are ideally installed in such a way that they have ideal 

rolling without skidding, Yang, et al. 2004, as shown in Eq. (2): 

 

0)(cos)()(sin)( 


ttyttx                                                                                                                (2) 

 

Therefore, the kinematics equations in the world frame can be represented as follows Han, et al. 

2008: 

 

)(cos)()( ttVtx I                                                                                                                                 (3) 

 

)(sin)()( ttVty I                                                                                                                                 (4) 

 

)()( tVt w                                                                                                                                         (5) 

 

where Vl  and Vw, are the linear and angular velocities respectively. 

In the computer simulation, the currently form of the pose equations are as follows:    

 

)1()(cos)]()([5.0)(  kxtkkVkVkx LR                                                                                                      (6) 

 

)1()(sin)]()([5.0)(  kytkkVkVky LR                                                                                                      (7) 
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where )(),(),( kkykx   are the components of the pose at the k  step of the movement and t is the 

sampling period between two sampling times. 

Using Jacobi-Lie-Bracket to check controllability of the nonlinear MIMO kinematic mobile 

robot system in Eqs. (3, 4, 5), the accessibility rank condition is globally satisfied controllability. 

The mobile robot kinematics can be described by the left and right velocities as follows: 
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and  f  and g can be defined as two vectors with components: 
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The determent of the matrix in Eq. (13) is equal to 0)/1( 2 L , then the full rank of matrix is equal 

to 3, therefore, the system in Eqs. (3, 4 and 5) is controllable. 

 

3. CONTROL METHODOLOGY 

The proposed structure of the nonlinear PID neural controller can be given in the form of block 

diagram, as shown in Fig. 2. The approach to control the wheeled mobile robot depends on the 

available information of the unknown nonlinear system and can be known by the input-output 

data and the control objectives. The genetic algorithm and particle swarm optimization will 

generate the optimal parameters for the nonlinear PID neural controller in order to obtain best 

velocity control signal that will minimize the tracking error of the mobile robot in the presence 

of external disturbance.  

The feedback PID neural controller is very important because it is necessary to stabilize the 

tracking error of the system when the output of the mobile robot is drifted from the desired point. 

The nonlinear PID neural controller for MIMO mobile robot system is shown in Fig. 3. The 

proposed nonlinear PID neural controller has the characteristics of control agility, strong 
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adaptability, good dynamic characteristic and robustness because it is based on a conventional 

PID controller that consists of three terms: proportional, integral and derivative where the 

standard form of a PID controller is given in the s-domain as Eq. (14), Zhong, 2006 and Omatu, 

1995. 

  

sK
s

K
KDIPsGc d

i
p )(                                                                                                    (14)                                                                  

 

where Kp, Ki and Kd are called proportional gain, integral gain and derivative gain, respectively. 

The proposed nonlinear PID neural controller scheme is based on the discrete-time PID as Eq. 

(15). 

 

)()]1()([)1()( 2,12,1 keKikekeKpkuku   )]2()1(2)([  kekekeKd 
                                 (15) 

 

where .,,  yx  

Therefore, the tuning PID input vector consists of )(ke , )1( ke , )2( ke  and )1(2,1 ku , where 

)(ke  and )(2,1 ku  denote the input error signals and the PID output signal respectively.   

The proposed control law of the feedback right and left velocity ( 1u  and 2u ) respectively can be 

proposed as follows:  

 

yx ookuku  )1()( 11
                                                                                                                 (16) 

 

yookuku  )1()( 22
                                                                                            (17) 

 

yx oo , and o are the outputs of the neural networks that can be obtained from non-linear 

Polywog wavelet activation functions, Righeto, 2004, as shown in Fig. 4 and has nonlinear 

relationship as presented in the following function: 

 
2)(5.042 ))()(3( 



net
enetneto


                                                                                           (18) 

 

net is calculated from this equation: 

 

 )()]1()([)( keKikekeKpknet  )]2()1(2)([  kekekeKd 
                                               (19) 

 

The control parameters 
 KiKp , and 

Kd of the nonlinear PID neural controller are adjusted using 

genetic algorithm and particle swarm optimization. 

 

3.1 Learning Genetic Algorithm (GA)  
Genetic algorithm is an intelligent optimization technique that relies on the parallelism found in 

nature; in particular its searching procedures are based on the mechanics of natural selection and 

genetics, Ali, et al, 2011.  

GAs includes three major operators: selection, crossover, and mutation, in addition to four 

control parameters: population size, selection pressure, mutation rate and crossover. Genetic 

algorithms start parallel searching from independent points of searching space in which the 
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solution knowledge is poor or not available. The solution depends on interaction of the 

surroundings and genetic operators. For that reason, obtaining the suboptimal solutions of 

genetic algorithm is a small probability, Muhammet, 2010.  

In this paper, the first learning algorithm for determining the nonlinear PID neural controller 

parameters is genetic algorithm and the steps of the tuning these parameters can be described as 

follows: 

 Step1 GA makes the problem parameters into chromosomes then simulates evolutionary 

operation. 

 Step2  To determine the size of the population and to initialize. Set the population size 

30, the evolution generation 100. 

 Step3 Decode the individual of the population into optimal parameters for calculating the 

value of fitness function. 

 Step4 Do population selection, crossover and mutation operations to produce the next 

generation population. The crossover probability is 0.75, mutation probability is 0.01. 

 Step5 Repeat steps 3 and 4 until the fitness function condition is achieved or the 

maximum number of generations is reached. 

Mean square error (MSE) function for multi-input multi-output (MIMO) mobile robot system is 

chosen as a criterion for estimating the model performance and an objective function to be 

minimized with the GA as Eq. (20): 

 

)))1()1(())1()1(())1()1(((
1 222

1

jj

r

jj

r

pop

j

jj

r kkkykykxkx
pop

MSE  



                                                              (20) 

 

Since the GA maximizes its fitness function, it is necessary therefore to map the objective 

function (MSE) to a fitness function.  It is used objective –to- fitness transformation is of the 

form, Al-Araji, 2005. 

 




unctionobjectivef
fitness

1                                                                                                            (21) 

 

where  is a constant chosen to avoid division by zero. 

 

3-2 Learning Particle Swarm Optimization Algorithm 

Particle Swarm optimization (PSO) is a kind of algorithm to search for the best solution by 

simulating the movement and flocking of birds. PSO algorithms use a population of individual 

(called particles) “flies” over the solution space in search for the optimal solution. 

Each particle has its own position and velocity to move around the search space. The particles 

are evaluated using a fitness function to see how close they are to the optimal solution, Derrac, 

et al, 2005. The previous best value is called as pbest. Thus, pbest is related only to a particular 

particle. It also has another value called gbest, which is the best value of all the particles pbest in 

the swarm. 

The nonlinear PID neural controller with nine weights parameters and the matrix is rewritten as 

an array to form a particle. Particles are then initialized randomly and updated afterwards 

according to Eqs. (22, 23, 24, 25, 26 and 27) in order to tune the PID parameters: 
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popm ,.....3,2,1  

where  

pop is number of particles, 
k

mK , is the weight of particle m at k iteration, 

c1 and c2 are the acceleration constants with positive values equal to 1.47, 

r1 and r2 are random numbers between 0 and 1, 

mpbest ,
is best previous weight of m

th
 particle.   

gbest is best particle among all the particle in the population. 

  is the inertia weight factor and it is equal to 0.75, 

 

The number of dimension in particle swarm optimization is equal to nine because the proposed 

nonlinear PID controller has nine parameters. The mean square error function is chosen as a 

criterion for estimating the model performance as given in Eq. (20). 

In this paper, the second learning algorithm for determining the nonlinear PID neural controller 

parameters is PSO algorithm and the steps of the tuning these parameters can be described as 

follows: 

 Step1 Initial searching points 0

Kp , 0

Ki , 0

Kd , 0

Kp , 0

Ki and 0

Kd of each particle are 

usually generated randomly within the allowable range. Note that the dimension of search 

space consists of all the parameters used in the nonlinear PID neural controller as shown 

in Fig. 2. The current searching point is set to pbest for each particle. The best-evaluated 

value of pbest is set to gbest and the particle number with the best value is stored.  

 Step2 The objective function value is calculated for each particle by using Eq. (20). If the 

value is better than the current pbest of the particle, the pbest value is replaced by the 

current value. If the best value of pbest is better than the current gbest, gbest is replaced 

by the best value and the particle number with the best value is stored. 

 Step3 The current searching point of each particle is update by using Eqs. (22, 23, 24, 25, 

26 and 27).   

 Step4 If the current iteration number reaches the predetermined maximum iteration 

number, then exit. Otherwise, return to step 2. 

The fundamental essences for applying the proposed control algorithms are minimizing tracking 

error and obtaining smoothness of the velocity control signal through speed up the process of 

getting the optimal parameters of the nonlinear PID controller.  
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4. SIMULATION RESULTS 

The kinematic model of the differential wheeled mobile robot described in section 2 is used and 

the proposed controller is verified by means of computer simulation using MATLAB package. 

The simulation is carried out by tracking a desired position (x, y) and orientation angle ( ) with 

continuous trajectory in the tracking control of the NI mobile robot. The parameter values of the 

NI robot model are taken from, Al-Shibaany, 2012: L=0.36 m, r=0.05 m and sampling time is 

equal to 0.5 second. 

The proposed nonlinear PID neural controller scheme as in Fig. 2 is applied to the mobile robot 

model and it uses the proposed learning algorithms steps of genetic algorithm and particle swarm 

optimization for tuning the nonlinear PID controller's parameters. The fist stage of operation is to 

set the following parameters of the GA and PSO: 

Population size is equal to 30 and number of iteration is equal to 100 for GA. 

Population of particle is equal to 30 and number of iteration is equal to 100 for PSO. 

Number of weight in each chromosome and particle is 9 because there are nine parameters of the 

nonlinear PID controller. 

The desired path which has explicitly continuous gradient with rotation radius changes can be 

described by the following equations: 
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For simulation purposes, the desired path is chosen as described in Eq. (28) and Eq. (29) while 

the desired orientation angle is taken as expressed in Eq. (30).  

The mobile robot model starts from the initial posture ]0,0,1.0[)0( q  as its initial conditions. A 

disturbance term  Tttd )2sin(01.0)2sin(01.0 Al-Araji, et al, 2013, is added to the mobile robot 

system as unmodelled kinematics disturbances in order to prove the adaptation and robustness 

ability of the proposed controller. The mobile robot trajectory tracking obtained by the proposed 

nonlinear PID neural controller is shown in Fig. 5.   

The adaptive learning and robustness of nonlinear PID neural controller based on PSO show 

excellent position and orientation tracking performance and small effect of the disturbances than 

learning GA because the PSO algorithm has capability to obtain smooth values of the nonlinear 

PID controller’s parameters with smoothness convergence behaviour in the parameters values 

that depend on previous values without using mutation and crossover processes for GA 

technique.  

Table 1. shows the tuning values of the nonlinear PID neural controller parameters ),,( kkk yx
 

which are based on genetic and particle swarm optimization learning algorithms. 

The effectiveness and robustness of the proposed nonlinear PID neural control algorithm based 

on PSO is clear by showing the convergence of the pose trajectory and orientation errors for the 

robot model motion, as shown in Fig. 6. 

MSE of the pose trajectory and orientation errors for the robot model motion at 100 iterations is 

shown in Fig. 7. 
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The simulation results demonstrated the effectiveness of the proposed controller based on PSO 

technique by showing its ability to generate small smooth values of the control input velocities 

for right and left wheels without sharp spikes.  

The actions described in Fig. 8 show that smaller power is required to drive the DC motors of the 

mobile robot model. 

The mean linear velocity of the NI mobile robot is equal to 0.0897 m/sec, and the maximum 

peak of the angular velocity is equal to  0.42 rad/sec. Both are shown in Fig. 9. 

In order to validate the applicability of the proposed nonlinear neural PID control methodology, 

experiments have executed by using mobile robot from National Instrument Company type 

differential wheeled mobile robot shown in Fig. 10. The wheeled mobile robot is equipped with 

Lab VIEW package guided. 

In the experiments, PSO technique control methodology of the simulation has been applied on 

real NI mobile robot because the controller was robust and effective in terms of minimum 

tracking error and in generating best velocity control action despite of the presence of bounded 

external disturbances in comparison with the GA simulation results. Therefore, these control data 

has transmitted to the NI mobile robot model, which admits right wheel velocity and left wheel 

velocity as input reference signals by using wireless communication after has been converted the 

data format from MATLAB file of simulations to LabVIEW package version 2010 format as a 

lookup table in the NI mobile robot. 

Velocities commands sent by the computer are coded messages which are recognized by 

microcontroller. Based on received characters, the microcontroller creates control actions for 

servo motors. The output voltages of the two encoder sensors are converted to coded messages 

by microcontroller and sent to the personal computer in order to calculate the tracking error of 

the mobile robot during motion. Wireless communication technique has been used for 

transmitting the data between the NI mobile robot and main computer. 

The velocities of the simulation results for right and left wheels have been downloaded to the 

memory of the NI mobile robot as commands which have smooth values without sharp spikes, as 

shown in Fig. 8. 

The initial pose for the NI mobile robot starts at position (-0.1 and 0) meter and orientation 0 

radian and should follow desired continuous trajectory, as show in Fig. 11. The desired trajectory 

starts at position (0, 0, 0).  

After 61 seconds, the real mobile robot has followed and finished the tracking of the desired 

path, as shown in Fig. 12a with small drifted from the desired trajectory and the distance of the 

trajectory did not exceed 4.47m. Fig. 12b shows the actual orientation of the mobile robot with 

small error. As shown in Fig. 12c the tracking error in x-coordinate and y-coordinate were 

reasonably accurate because the mobile robot was trying to correct the pose and orientation 

errors. 

The mean-square error for each component of the state error vector ],,[ eeyex for simulation 

results and experimental work for two control algorithms are calculated, as shown in Table 2. 

Table 2. shows the effectiveness and robustness of proposed controller based on PSO in terms of 

minimum tracking error and excellent position and orientation tracking performance than genetic 

learning algorithm because the PSO learning algorithm has capability to obtain best values of the 

parameters of the proposed controller with smoothness convergence behaviour in these 

parameters that depend on previous values without using mutation and crossover processes for 

GA technique. 

The percentage of the mean square error between simulation results and experimental work can 

be shown in Table 3. 
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Table 3. shows the difference between simulation results and experimental work which caused 

by the residual errors in the experimental results due to the inherent friction present in the real 

system, especially during tracking the continuous gradient path and modelling errors, due to the 

difficulty of estimating or measuring the geometric, kinematics or inertial parameters, or from 

incomplete knowledge of the system components. 

 

5. CONCLUSIONS 

The nonlinear PID neural trajectory tracking control methodology with two learning algorithms 

for the differential drive mobile robot model have been presented in this paper. It has been 

designed and tested using Matlab package and carried out on real NI mobile robot using 

LabVIEW package.  

The simulation results and experimental work show evidently the capability of adaptation and 

robustness of the proposed nonlinear PID neural controller that based on PSO learning algorithm 

which has excellent position tracking performance and it has the capability of generating smooth 

and suitable velocity commands than the controller based on genetic learning algorithm because 

the PSO algorithm has capability to obtain best values of the nonlinear PID controller’s 

parameters as well as smooth parameters convergences behaviour which depends on previous 

values and this with few parameters adjustment unlike GA which depends on more evolutionary 

operators such as mutation and crossover. 
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Figure 1. Mobile robot platform. 
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Figure 2. Nonlinear PID Neural trajectory tracking controller structure for mobile robot. 
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Figure 3. The nonlinear PID neural feedback controller structure. 
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Figure 4. Polywog wavelet function. 
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Figure 5. Simulation results (a) desired trajectory and actual mobile robot 

trajectory; (b) desired orientation and actual mobile robot orientation. 
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Figure 6. Position tracking error (a) in X- coordinate; (b) in Y-

coordinate; (c) Orientation tracking error. 
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Figure 7. The right and left wheel action velocity. 
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Figure 9. The performance index (MSE). 

 

0 20 40 60 80 100 120

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

Samples

L
in

e
a

r
 V

e
lo

c
it

y
 a

n
d

 A
n

g
u

la
r
 V

e
lo

c
it

y

 

 

Linear Velocity (m/sec) Angular Velocity (rad/sec)

 
Figure 8. The linear and angular velocity. 

Figure10. NI mobile robot for the experiments. 

 

Figure 11. Real set-up experiment of  NI mobile 

robot for continuous 

trajectory tracking. 
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Figure 12. Practical results (a) desired trajectory and actual mobile 

robot trajectory; (b) desired orientation and actual mobile robot 

orientation; (c) X-coordinate and Y-coordinate errors. 
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Table 2. The MSE for simulation results and experimental work. 

PID Control 

Algorithm 
GA PSO 

MSE (ex) (ey) (e ) (ex) (ey) (e ) 

Simulation 

Results 
0.0021 0.0059 1.46 0.0013 0.0038 1.18 

Experimental 

work 
0.0032 0.0074 1.77 0.0019 0.0047 1.23 

 

Table 3. The percentage of MSE between simulation results and 

experimental work. 

PID 

Control 

Methodolog

y 

GA PSO 

(MSE of X-

coordinate) 

100% 

34.3% 31.5% 

(MSE of Y-

coordinate) 

100% 

20.3% 19.1% 

(MSE of 

Orientation) 

100% 

17.5% 4% 

 

Table 1. The nonlinear PID neural controller parameters. 
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ABSTRACT 

       The expansion in water projects implementations in Turkey and Syria becomes of great 

concern to the workers in the field of water resources management in Iraq. Such expansion with the 

absence of bi-lateral agreement between the three riparian countries of Tigris and Euphrates Rivers; 

Turkey, Syria and Iraq, is expected to lead to a substantially reduction of water inflow to the 

territories of Iraq.  Accordingly, this study consists of two parts: first part is aiming to study the 

changes of the water inflow to the territory of Iraq, at Turkey and Syria borders, from 1953 to 2009; 

the results indicated that the annual mean inflow in Tigris River was decreased from 677 m
3
/sec to 

526 m
3
/sec, after operating Turkey reservoirs, while in the Euphrates River the annual mean inflow 

was decreased from 1006 m
3
/sec to 627m

3
/sec after operating Syria and Turkey reservoirs. Second 

part is forecasting the monthly inflow and the water demand under the reduced inflow data. The 

results show that the future inflow of the Tigris River is expected to decrease to 57%, and reaches 

301m
3
/sec. The Mosul reservoir will be able to supply 64% only of the water requirements to the 

downstream.   The share of Iraq from the inflow of the Euphrates River is expected to be 58%, 

therefore the future inflow will reach 290 m
3
/sec. The Haditha reservoir will be able to supply 46% 

only of the water requirements to the downstream, due to reduced inflow at Iraqi border in the 

future. 

 

Keywords: Time series; Reservoir operation; Tigris –Euphrates River; Dam; and Forecasting. 

      

 تحليل تذفق البياناث لسذي الموصل وحذيثت
 مريم نعيم عودة                             احمذ عبذ الصاحب محمذ علي  

 مٍىذص     انبزفظُر    

 َسارة انمُارد انمبئٍت                                                                                                               خبمعت بغذاد  -كهٍت انٍىذطت    

 

 الخلاصت

ان انتُطع فً اوشبء مشبرٌع  انمٍبي فً كم مه تزكٍب َطُرٌب تمهك انعبمهٍه فً حمم ادارة انمٍبي فً انعزاق حٍث نٍض ٌىبن       

اتفبلٍت ثىبئٍت بٍه انذَل انمتشبطئت )تزكٍب َطُرٌب َانعزاق ( نلاشتزان فً مٍبي ٌذان انىٍزان انذَنٍبن دخهت َانفزاث ممب طبب فً 

 نُاردة نهعزاق. اوخفبض كمٍبث انمٍبي ا

ٌذي انذراطت تتكُن مه خشءٌه :اندشء الاَل ٌُ  دراطت انتغٍز فً كمٍت انُارداث انمبئٍت انمبدمت نهعزاق عبز انحذَد انتزكٍت      

.  َاشبرث انىتبئح انى ان انمعذل انظىُي نهُارد عىذ انحذَد نىٍز دخهت اوخفط مه  2009انى عبو  1953َانظُرٌت نهفتزة مه عبو 

و 677
3

و 526/ ثب  انى  
3

/ ثب بعذ تشغٍم انظذَد انتزكٍت. امب ببنىظبت نىٍز انفزاث فأن انمعذل انظىُي نهُارد عىذ انحذَد اوخفط مه 

و 1006
3

و 627/ ثب  انى 
3

/ ثب بعذ تشغٍم انظذَد انتزكٍت َانظُرٌت. اندشء انثبوً ٌُ  تخمٍه انُارد انمبئً انشٍزي َالاحتٍبخبث 

و301% نٍصم انُارد انى57هت انُارداث انمبئٍت, حٍث ان انُارد انمظتمبهً نىٍز دخهت طٍصم بىظبت انمبئٍت فً ظُء ل
3

/ثب َان طذ 

و 290% مه الاحتٍبخبث انمبئٍت نىٍز دخهت. ان انُارد انمظتمبهً نىٍز انفزاث طٍصم انى 64انمُصم طٍهبً 
3

/ ثب عهى اطبص ان 

 مه الاحتٍبج انكهً نىٍز انفزاث.% 46ت % َعهًٍ طٍهبً طذ حذٌث58انحصت انمبئٍت انعزالٍت  مه وٍز انفزاث ًٌ 
 .; انتخمٍه طذَد   ; وٍزي دخهت َانفزاث ; : انظهظهت انشمىٍت ; تشغٍم انخشاوبثكلماث رئيسيت 
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1. INTRODUCTION  

        The Tigris River is the second longest river in southwest Asia (1,840 km). The Tigris River 

rises in eastern Turkey near Lake Hazar and flows southeast to Iraqi borders at PaishKabur city, 

some of 400km from its source in Turkey Kolars and Mitchell, 1991. Through Iraq, numerous 

tributaries enter the lift bank of The Tigris River from the Zagros Mountains. Among these 

tributaries are the Greater Zab, the Lesser Zab, the Adhaim, and Diyala Rivers. While, the 

Euphrates River is one of the largest rivers of the Middle East; it originates in the mountainous 

areas of Turkey where up to 80% of the entire run off volume is formed, thenit crosses the 

territories of Turkey, Syria, and Iraq. The Euphrates River enters Iraq border at Hussaiba town. 

Many researchers have studied the Euphrates River and Tigris River basins and the Turkish 

Great Atatourk Project (GAP). Kolars and Mitchell ,1991 introduced a chart for projected 

sequential depletion of the Euphrates River for the period 1990-2040.  Ishaq ,1998 studied the 

monthly optimal operation for the Iraqi water resources system for the periods (1962-1996)by a 

adopting an objective function to minimize the release and storage penalty. The result of 

optimization and simulation model indicated a deficiency in water supply for the periods (1974-

1976) and (1989-1992). 

 El-obaidy ,2006 studied the effect of Turkish future projects implementation on Tigris River, 

this study consist of three parts; the first is to find synthetic time series. The second covers 

operating the existing and proposed reservoirs on Tigris River in Turkey. The third is to find the 

future expected water quality in accordance with the operation of the reservoirs.  The optimum 

operational policies, from the Turkish point of view, show that the minimum flow irrigation 

requirements equal to 200 cumecs at the borders with Iraq.  

Al-Bedyry ,2009 considered the Ilisu-Cizre reservoirs system as the case study, aiming at predict 

the effect of its optimal operation (from a Turkish point of view) on the flow of the Tigris River 

at the Turkish-Iraqi boarders, based on 51 years of real inflow data of the Tigris River recorded 

at Ilisu. The objectives were to test and remove a non- homogeneity from a historical monthly 

inflow data for Mosul, Dokan, and Haditha reservoir from 1952 to 2009, to analyze and forecast 

flow data of Tigris and Euphrates Rivers and to correct the monthly inflow coming to Iraqi 

borders, and the water demand according to reduced inflow data. The result of the study show 

that the annual flow at Iraqi borders will be equal to 9498MCM after operating Ilisu-Cizre 

reservoir.    

 

2.   THE STUDY AREA  

       The control system was divided into two sub systems. The first sub system consists of Mosul 

reservoir on Tigris River. The second sub system consists of Haditha reservoir on Euphrates 

River. 

        A- Mosul Dam is an embankment dam, it is the largest dam in Iraq. It is located on the 

Tigris River at the west of Ninawa governorate, approximately 50 km northwest of the town of 

Mosul, Iraq. The project is located approximately 65 km south from Iraq- Turkish border. The 

reservoir of the dam has been operated since 1986. it’s a multi- purposes reservoir used mainly 

for flood control, supply water to Jazira irrigation projects and downstream river and generating  

hydro- power with a maximum capacity of 750MW ,Swiss Consultants, 1979. 

       B- Haditha reservoir is located in the western part of Iraq about 140 Km from the Iraqi –

Syrian border. The location of the reservoir is characterized by a dry and hot summer and a mild 

winter with low precipitation. It is an embankment reservoir, with a multi-purpose project 

intended for the control of the Euphrates River run off in order to meet the demands of irrigation, 

http://en.wikipedia.org/wiki/Dam
http://en.wikipedia.org/wiki/Iraq
http://en.wikipedia.org/wiki/Tigris_River
http://en.wikipedia.org/wiki/Ninawa_Governorate
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electrical power generation and flood control to a certain extent. The reservoir has been operated 

since 1986.  

 

3. HYDROLOGICAL TIME SERIES  

       Hydrologic time series is defined as continuous sequential observations which is usually 

expressed as an average value over specific intervals of time such as mean daily, mean monthly, 

or mean annual flows. Hydrologic time series may consist of four components depending on the 

type of variable and the average time interval Yevjevich ,1972. In seasonal stream flow series 

four components exist as shown in Eq. (1): 

 

Qt = Jt + Tt + Pt + E t                                                                                                                    (1) 

 

 where: 

  Qt    is the time series value (actual data) at period t,   

  Jt   is the jump component at period t, 

 Tt    is the trend-cycle component at period t, 

  Pt is the periodic component at period t, and 

  Et is the irregular (or remainder) component at period t. 

 

    For the test and removal of non-homogeneity, the suitability of the historical data must be 

checked. The homogeneity definition requires at least two conditions: - 

1. The hydrological data series must not contain any systematic error. 

2. All the hydrological conditions should be constant. 

          If these conditions are satisfied then the series may be considered as homogeneous. These 

two conditions imply that homogenous series should be free from trend and jump component 

respectively; therefore homogeneity should be insured at the beginning of the analysis by the 

detection and removal of jump and trend components. 

        1. Jump is a sudden considerable change in the parameters of historical data such as mean 

and standard deviation of the stream flow data. A sudden increase is called a positive jump, 

while a sudden decrease is called a negative jump.          

      2. Trend component is defined as a systematic and continuous change over an entire sample 

in any parameter of the series. The causes of trend are either sequential man-made changes 

within the catchments area, extensive urban or natural causes or inconsistency (systematic 

errors).  

       There are many methods to detect the existence of jump components, such as statistical tests 

(t-test, F-test, etc.),  which can be used to check for any significant changes in means or standard 

deviations of two samples at the desired percent probability level of significant. If those tests 

indicate significance changes then it means that the two sub-samples are from different 

populations and a jump and/or trend components exist. Trend can also be detected by regression 

analysis and described mathematical by means of polynomial function. The most powerful 

method for testing homogeneity is suggested by Yevjevich ,1972. where the test for 

homogeneity is made by using the spilt-sample approach to ascertain whether or not the 

differences between the mean and standard deviation of the two sub-samples are significantly 

different from zero at the 95% confidence interval. This test requires that the sample be divided 

into two sub-samples. 
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4. ANALYSIS AND FORCASTING OF FLOW DATA  

 4.1  Mosul Dam 

      There is a gauge station at upstream Mosul dam on Tigris River. The mean monthly 

discharge data sample (1953-2009) is divided into two sub-samples; the first is (36) years long, 

(1953-1988), and the second is (21) years long, (1989-2009). Fig. 1 and 2 show the annual 

means and standard deviations of the original time-series The solid line of those Figures 

represents the average of the annual means and standard deviations of the series. The results of 

Split – Sample Test of original data are shown in Table 1.  From this table, the jump component 

exists in the annual mean and annual standard deviation. 

       The jump component on the data of the first sub-sample is removed by applying Eq. (2). 

 

 

 

where: 

 

          j,t = the annual and seasonal positions of observations, respectively. The overall mean and 

standard deviation of the last 21 years (1989-2009), were 460 m
3
/sec and 526 m

3
/sec, 

respectively. 

 

   The test is repeated using [Y (j, t)] series as the new first sub-sample, and the original second 

sub-sample, the result are shown in Figs. (3) and (4) for the annual means and standard 

deviations respectively. These Figures indicated the removal of the jump component from the 

hydrological data. Trend was detected by fitting linear regression equations for annual means and 

standard deviations against years. The correlation coefficients after removing the jump 

component are shown in Figs. (1) and (2) Those Figures show the existence of the trend 

component in the annual mean and annual standard deviation. The trend component on the data 

of the sample is removed by applying Eq. (3): 

 

)3(526460*
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where: 

          j, t = the annual and seasonal positions of observations, respectively.  The overall mean and 

standard deviation of the last 21 years (1989-2009), were 460 m
3
/sec and 526 m

3
/sec, 

respectively. 

         After that the test was repeated using [Y (j, t)] series as the new series for all sample, the 

results are shown in Figs. (3) and (4) for the annual means and standard deviations, respectively. 

Those figures  show that the correlation coefficients are very small for linear trends, which 

indicates the absence of linear trend component. As shown in Figs. (3) and (4), the slopes of 

these lines are mild enough to be attributed to sample fluctuations, which indicate that the trend 

component is removed from the hydrological data. The series now may be considered 

homogeneous, i.e. free from jump and trend components. 

        The Results of Split – Sample Test of data after removing the jump and trend components 

are shown in Table 2, which indicates that the jump and trend component does not exist 

anymore in the annual mean and annual standard deviation. 
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        The expansion in water projects implementations in Turkey and Syria is reduces the water 

inflow to the territory of Iraq. Therefore, the inflow data under the developement of the 

construction of additional reservoir and increase of the irrigation projects since 1952, must be 

corrected to find the optimal monthly operation rules for Mosul, and Haditha reservoirs.  The 

method used to correct the inflow data was by applying the annual flow at Iraqi border which is 

equal to 9498MCM ,Al-Bedyry, 2009. The annual mean of 57 years were 16587 MCM. So, K 

(factor) from Eq. (4) is 57.3%, the future annual mean from Eq. (5) is 301.4 m
3
/s and the future 

annual standard deviation from Eq. (6) is 264m
3
/sec. 

 

   K (factor) = annual flow at Iraqi border / annual mean at this time in Iraqi                        (4) 

   

New annual mean = Annual mean inflow after Removing the jump and trend*   K (factor)    (5) 

   

New annual standard Deviation= Annual standard Deviation after Removing the jump and 

trend* K (factor)                                                                                                                        (6) 

 

The corrected data inflow calculated by Eq. (7) as follow. 

  

 

 

 

where: 

    Y (j, t): new monthly inflow data (1953-2009). 

   X (j, t): old monthly inflow data (1953-2009). 

    The new corrected [Y (j, t)], as new series for all samples, are shown in Figs. 5 and 6 for the 

annual means and standard deviations, respectively. 

 

4.2 Haditha Dam 

      A gauge station is existed at Hesaiba town upstream of Haditha dam on the Euphrates River. 

A mean monthly discharge data sample (1953-2009) was divided into two sub-samples; the first 

is (20) years long (1953-1972), and the second is (37) years long (1973-2009). Figs. 7 and 8 

show the annual means and standard deviations of the original time-series. The solid line of those 

Figures represents the average of the annual means and standard deviations of the series. Figs. 7 

and 8 show is the presence of jump in the annual flow data of Haditha dam. 

The results of Split–Sample Test of original data are shown in Table 1.  From this table it is clear 

that the jump component exists in the annual mean and annual standard deviation. 

         The jump component on the data of the first sub-sample was removed by applying Eq. (8): 

 
        
 

 

where 
       j,t = the annual and the seasonal positions of observations, respectively, the number 241 

m
3
/sec and 627 m

3
/sec are the overall mean and standard deviation of the last 37 years (1973-

2009), respectively. 
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      The test repeated using [Y (j, t)] series as the new first sub-sample, and the original series as 

the second sub-sample, as shown in Figs. 9 and 10 for the annual means and standard deviations, 

respectively. Those Figures indicate that the jump component was removed from the 

hydrological data.  

       Trend was detected by mean of regression analysis. That was made by fitting linear 

regression equations for annual means and standard deviations against years. The correlation 

coefficients after removing the jump component are shown in Figs. 7 and 8. Those figures show 

that the trend component was existed in the annual mean and annual standard deviation. The 

trend component was removed by applying Eq. (9): 

 

)9(627241*
)12/(6.04.258

)12/(3.23.695),(
),( 






ji

jitjY
tjY  

where: 

         j, t = the annual and seasonal positions of observations, respectively, the numbers 241 

m
3
/sec and 627 m

3
/sec are the overall mean and standard deviation of last 27 years (1973-2009), 

respectively. 

         The test repeated using [Y(j,t) ] series as the new series for all samples, the result for the 

annual means and standard deviations are shown in Figs. 9 and 10.  Those figures show that the 

correlation coefficients were very small for linear trends, which indicates the absence of linear 

trend component. As also shown in Figs. 9 and 10, the slopes of these lines are mild enough to 

be attributed to sample fluctuations, which indicate that the trend component was removed from 

the hydrological data. Accordingly, the series can be considered homogeneous, i.e. free from 

jump and trend components. 

          The results of Split–Sample Test of the data after removing the Jump component are 

shown in Table 2.  This table show that the jump and trend components do not exist in the 

annual mean and annual standard deviation. 

Considering that the total inflow of Euphrates River at the Turkish-Syrian border as 500m 3/sec, 

and the share of Iraq from this inflow is equal to 58% (Ministry of Water Resources), then  

 Annual flow at Iraqi border =500 * 0.58 =290m
3
/sec, and  

 Annual Standard Deviation =134.0 m
3
/sec.  

 

 

 

 

Accordingly, the correct inflow data is calculated by Eq. (10). 

 where: 

Y (j, t): new monthly inflow data (1953-2009). 

X (j, t): old monthly inflow data (1953-2009).                           

          The new corrected [Y (j, t)], as new series for all samples, are shown in Figs. 11   and                                             

12 for the annual means and standard deviations, respectively. 

 

 

5.RESULTS AND CONCLUSIONS  

 The analysis of the 57 years (for the period 1953-2009) of historical monthly stream flow 

downstream Mosul , and Haditha reservoirs  indicate significant changes occurred through the 

period of the record, which means that the series is not homogenous. There was jump and trend 
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components exist in the data and indicated by the mean and the standard deviation. The annual 

inflow at further of Tigris River will be decreased to 57%, meaning reduction from (526 m
3
/sec to 

301m
3
/sec). 

 The annual inflow at further of Euphrates River will be decreased to 58%, meaning 

reduction from (626 m
3
/sec to 290m

3
/sec).  

 Mosul reservoir can supply 64% of the water requirements downstream with an 

actual value of 469 m
3
/sec, while the adopted value is 301 m

3
/sec due to the expected 

reduction of the inflow at Iraqi border in the future.    

 Haditha reservoir Mosul reservoir can supply 76.3%, of the water requirements 

downstream with actual value of 723m
3
/sec, while the adopted value is 551m

3
/sec at 

current study and will supply 46.3% with actual value of 551 m
3
/sec where the 

adopted value is 255m
3
/sec due to future inflow reduction at Iraqi border. 

 

6. RECOMMENDATIONS  

 This study recommended that statistical analysis should be done from time to time to 

monitor the drops in the annual inflow due to the operation of the new dams and 

irrigation projects in Turkey and Syria to improve the quality of the data in order to be 

taken into consideration in the operation of Iraqi reservoirs system. 

 The operating rules for Iraqi reservoirs must be reviewed to account for the inflows 

reduction. 

 New researches that focus on the operation of Turkish and Syrian future projects 

implementation on Tigris, Euphrates, Grater Zab and Less Zab River will be required 

to determine the future inflow and salinity at Iraqi borders. 

 Optimization of the operation of Mosul, Haditha, Dokan, Hemreen, Derbendikhan and 

Al-Tharthar reservoirs after operating new reservoirs in Turkey and Syria. 
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Figure 1.  Annual flow upstream Mosul Dam (m
3
/sec ). 

 
 

 
 

Figure 2.  Annual standard deviation of the flow upstream Mosul Dam. 
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Figure 3. Annual flow at upstream Mosul Dam (m
3
/sec ), (After removing the jump and trend 

components). 

 

 

 
 

Figure 4.  Annual standard deviation of the flow at upstream Mosul dam (m
3
/sec). (After removing 

the jump and trend components). 
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Figure 5.  The adjusted monthly inflow (m
3
/sec) of Tigris River up stream Mosul dam. 

 
 

 
 

Figure 6.  The adjusted monthly standard deviation (m
3
/sec) of Tigris River up stream Mosul dam. 
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Figure 7. Annual flow at Haditha dam (m
3
/sec ). 

 

 
 

 
 

Figure 8.  Annual standard deviation of the flow at Haditha dam (m
3
/sec ). 
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Figure 9.  Annual flow at Haditha Dam (m
3
/sec), (After removing the jump and trend components). 

 

 
 

 
 

Figure 10.  Annual standard deviation of the flow at Haditha dam (m
3
/sec), (After removing the 

jump and trend components). 
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Figure 11.  The adjusted monthly inflow (m
3
/sec ) of Euphrates River up stream Haditha dam.  

 
 

 

  
 

Figure 12.  The adjusted monthly standard deviation of the flow at Haditha dam (m
3
/sec ). 
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Table  1.  Results test of original data. 

 

Reservoir 

Statistical 

Parameters 

Annual Mean 

m
3
/sec 

Annual Standard Deviation m
3
/sec 

M
o
su

l 

No. of Years 36 36 

1
st.

 Periods (19531988) Average 677.46 588.44 

Standard 

Deviation 
252.83 240.10 

No. of Years 21 21 

2
nd.

Periods(19892009) Average 526.44 460.76 

Standard 

Deviation 
186.76 193.79 

t-value 2.381 2.072  

t-table 2.002 2.002 

Jump 

Component 
Exist Exist 

H
a
d

it
h

a
 

No. of Years 20 20 

1
st.

 Periods (19531988) 
Average 1006.57 867.32 

Standard 

Deviation 

357.44 340.75 

No. of Years 37 37 

2
nd.

Periods(19892009) Average 627.62 241.47 

Standard 

Deviation 

285.24 145.14 

t-value 2.508 4.375  

t-table 2.002 2.002 

Jump 

Component 
Exist Exist 
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Table  2.  Results test of data after removing the jump and trend component. 

 

Reservoir 

Statistical 

Parameters 

Annual Mean 

m
3
/sec 

Annual Standard Deviation m
3
/sec 

M
o
su

l 

No. of Years 36 36 

1
st.

 Periods (19531988) Average 521.20 454.33 

Standard 

Deviation 
195.20 185.40 

No. of Years 21 21 

2
nd.

Periods(19892009) Average 534.82 471.11 

Standard 

Deviation 
189.90 196.84 

t-value -0.256 -0.322 

 
t-table 2.002 2.002 

Jump 

Component 
Not Exist  Not Exist  

H
a
d

it
h

a
 

No. of Years 36 36 

1
st.

 Periods (19531988) Average 502.00 191.42 

Standard 

Deviation 
119.45 125.28 

No. of Years 21 21 

2
nd.

Periods(19892009) Average 515.05 262.51 

Standard 

Deviation 
217.92 127.45 

t-value -0.293 -2.054  

t-table 2.002 2.002 

Jump 

Component 

Not Exist Not Exist 
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ABSTRACT 

 

The biosorption of lead (II) and chromium (III) onto dead anaerobic biomass (DAB) in single 

and binary systems has been studied using fixed bed adsorber. A general rate multi- component 

model (GRM) has been utilized to predict the fixed bed breakthrough curves for single and dual-

component system. This model considers both external and internal mass transfer resistances as 

well as axial dispersion with non-liner multi-component isotherm (Langmuir model). The effects 

of important parameters, such as flow rate, initial concentration and bed height on the behavior 

of breakthrough curves have been studied. The equilibrium isotherm model parameters such as 

maximum uptake capacities for lead (II) and chromium (III) were found to be 35.12 and 23.84 

mg g
-1

 respectively. While pore diffusion coefficients (Dp) were obtained to be 7.23×10
-11

 and 

3.15×10
-11

 m
2 

s
-1

 for lead (II) and chromium (III) respectively from batch experiments. The 

results show that the general rate model was found correct for describing the biosorption process 

of the dynamic behavior of the DAB adsorber column.   

 
 

Key words: biosorption, DAB, lead (II), chromium (III), GRM, fixed bed, pore diffusion   

 
 

 الحٍىٌة الكتلة اللاهىائٍة على الاهتساز الحٍىي  (III)والكروم   (II) الرصاص هيالسلىك الذٌٌاهٍكً 

 ثٌائً ًظام هفرد و، الكتلة ثابث فً عوىد الوٍتة

 
 عباش حوٍذ سلٍوىى

 اسخار
 ا.م.د. شهلاء اسواعٍل ابراهٍن

 اسخار يساػذ
 م.د. ههٌذ جاسن هحوذ ؤضا

 يذسط

 كهٍت انهُذست كهٍت انهُذست كهٍت انهُذست

 خايؼت بغذاد خايؼت بغذاد خايؼت بغذاد

 

 الخلاصة

( فً DAB( ػهى انكخهت انسٍىٌت انلاهىائٍت انًٍخت )III( وانكشوو )IIٍىي لاٌىَاث كم يٍ اانشصاص )سحى دساست الايخضاص ان

( نهخُبؤ بًُسٍُاث GRMَظاو انكخهت انثابخت انًًخضة. ولذ اسخخذو انًُىرج انؼاو انًخؼذد انؼُاصش )َظاو يفشد وثُائً وباسخخذاو 

فشد وانثُائً. ولذ حى الاخز بُظش الاػخباس فً هزا انًُىرج كم يٍ يماويت َمم انًادة ػهى ًاخخشاق َظاو انكخهت انثابخت انًًخضة ان

فضلا ػٍ انخشخج والاَخشاس انًسىسي خلال الاَخمال داخم انؼًىد انسٍىي يغ الاسطر انخاسخٍت وانذاخهٍت نهًادة انًًخضة، 

، يثم يؼذل انخذفك، وحشكٍض واسحفاع انًادة انًخغٍشاث(. ولذ حى دساست حاثٍش Langmuir modeيىدٌم يخؼذد انًكىَاث )

زذة حى انسصىل ػهى ثىابج ًَىرذ انًًخضة داخم انؼًىد ػهى سهىن يُسٍُاث الاخخشاق نخشكٍض يؼٍٍ. ويٍ حداسب انذفؼت انىا

mg g 32.32و 21.53زٍث وخذ اٌ اػظى ايخضاص كاٌ  الاحضاٌ
-1

ػهى (III) و انكشوو(II) نكم يٍ اٌىَاث انشصاص  

10×7.23كاَج  (DPويؼايلاث الاَخشاس انًسايً ) .انخىانً
-11

m و 
2
s

-1
 5×10

-11
و (II) نكم يٍ اٌىَاث انشصاص 

وأظهشث انُخائح أٌ انًُىرج انًؼذل انؼاو صسٍر نىصف ػًهٍت الايخضاص انسٍىي يٍ انسهىن . ػهى انخىانً (III)انكشوو

 .انذٌُايٍكً

، انًُىرج انؼاو انًخؼذد انؼُاصش ػًىد (III) انكشوو،  (II)، وانشصاص انكخهت انلاهىائٍت انًٍختالايخضاص انسٍىي،   :الكلوات الرئٍسٍة

 انًسايً الاَخشاسانكخهت انثابخت، 
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1. INTRODUCTION 

Metallic species mobilized and released into the environment by the technological activities of 

humans tend to persist indefinitely, circulating and eventually accumulating throughout the food 

chain, thus posing a serious threat to the environment, animals, and humans. It is essential to realize 

that the metal is only “removed” from the solution when it is appropriately immobilized Sekomo et 

al., 2011. The continuous use of heavy metals in industrial applications with the production of 

contaminated wastewaters is a serious environmental problem these biomass types serve as a basis 

for newly developed metal biosorption processes foreseen particularly as a very competitive mean 

for the detoxification of metal-bearing industrial effluents Van et al., 2006. Only within the past 

decade has the potential of metal biosorption by biomass materials been well established. For 

economic reasons, biomass produced as a waste byproduct of large-scale industrial could be used as 

biosorbents Prasad et al., 2008. Lead (II) has been found together with other compounds including 

Chromium (III) at high concentrations in a number of contaminated sites Naseem and Tahir, 2001. 

Lead (II) and Chromium (III) are released from industrial sources such as the iron-steel, petroleum, 

wood preserving chemicals dye and pigment Prasad et al., 2008. 

The use of natural biomass as adsorbent will involve the same concept of separation as in 

adsorption which is termed as biosorption Fiol et al., 2004. Biosorption is a well-established and 

powerful technique for treating domestic and industrial effluents Sulaymon et al., 2012 b. DAB is 

the new and effectively used adsorbent. Biosorbent for the removal of metals/dyes mainly come 

under the following categories: bacteria, fungi, algae, industrial wastes, agricultural wastes and 

other polysaccharide materials. In general, all types of biomaterials have shown good biosorption 

capacities towards all types of metal ions Vijayaraghavan and Yun, 2008. The surface chemistry 

of biomass and the chemical characteristics of adsorbate, such as polarity, ionic nature, functional 

groups, and solubility, determine the nature of bonding mechanisms as well as the extent and 

strength of adsorption Sulaymon and Ebrahim, 2010. A variety of physicochemical 

mechanisms/forces, such as van der Waals, ion exchange, dipole interactions, H-binding, cation 

bridging, covalent bonding, and water bridging, can be responsible for the biosorption of inorganic 

compounds in biomass. Sulaymon et al., 2012. Metal uptake is caused by physico-chemical 

interaction between the metal and the functional groups present on the microbial cell surface, which 

is not dependent on the cells' metabolism Vijayaraghavan and Yun, 2008. Cell walls of microbial 

biomass, mainly composed of polysaccharides, proteins and lipids have abundant metal binding 

groups such as carboxyl, sulphate, phosphate and amino groups. This type of biosorption, i.e., non-

metabolism dependent is relatively rapid and can be reversible Sulaymon et al., 2012 b. 

  

Fixed bed adsorber is a continuous flow operation adsorption process for industrial applications in 

wastewater treatment Ahmed, 2006. The design of an adsorption column depends on various 

important parameters such as flow rate, initial concentration and bed height (mass of biomass). The 

sorption bed has to be porous to allow the liquid to flow through it with minimum resistance but 

allowing the maximum mass transfer into the particles as small as practical 0.7-1.5 mm Sulaymon 

et al., 2012 b Understanding of biosorption characteristics, determination of break point time for 

biosorption operation and effective utilization of the column is possible by carrying out the 

mathematical modeling of fixed-bed biosorption columns. Continuous biosorption studies are 

required to collect the experimental data for the design of biosorption column and for subsequent 

scale-up from pilot plant to industrial scale operation Ahmed, 2006. Past studies mainly focused on 
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analytical approach of solving the dynamics of fixed-bed adsorption columns. These models, 

exclude some of the important physical aspects such as axial dispersion and intra-particle 

resistances along the bed length and linear isotherm such as: second-order reversible reaction model 

(SRRM) and quasichemical kinetic model (QKM) and homogenous surface diffusion model 

(HSDM) described by Pérez et al.,2013. In the present study, a general multi-component model is 

used to predict the breakthrough curves of metal ions mixture in fixed bed column for single and 

binary components onto DAB and compare the experimental results with that simulated by a 

numerical solution of the model which includes film mass transfer, pore diffusion resistance, axial 

dispersion and nonlinear isotherm Sulaymon et al., 2012 a. 
 

2. MATHEMATICAL MODELING AND SIMULATION                                                   
In the present study, a mathematical model for the fixed bed column is proposed by incorporation of 

important parameters such as external mass transfer resistance, internal mass transfer resistance and 

nonlinear multi-component isotherm Ahmed, 2006. The proposed model can be extensively used 

for understanding the dynamics of the fixed bed adsorption column for the biosorption of multi-

inorganic (metal ions) compounds. To formulate a generalized model for the fixed bed adsorption 

column, the following assumptions are made Sulaymon et al., 2012 a:  

 Equilibrium of adsorption is described by the nonlinear multi-component Langmuir 

isotherm. 

 Mass transfer across the boundary layer surrounding the solid particles is characterized by 

external-film mass transfer coefficient (kf). 

 Intra-particle mass transfer is characterized by  pore diffusion coefficient (Dp) 

 Macro-porous adsorbent particles are spherical and homogeneous in size and density. 

 Compressibility of the mobile phase is negligible. 

 Fluid inside particles (macropores) is stagnant, i.e., there is no convective flow inside 

macropores.  

 The adsorption process is isothermal. There is no temperature change during a run. 

 The concentration gradients in the radial direction are negligible. 

 All mechanisms which contribute to axial mixing are lumped together into a single axial 

dispersion coefficient. 

 

Based on the assumptions of the model, the governing equations for a multi-component system can 

be obtained from differential mass balance of the bulk-fluid phase and the particles phase 

respectively: 

 

Continuity equation in the bulk-fluid phase Eq.(1): 

 

   0
13

,2

2


















  pRRpibi

pb

bfibibi
i

bi
bi CC

R

k

t

C

Z

C
V

Z

C
D




                                                                                                       (1)  

 

 

Continuity equation inside the particle phase Eq.(2): 
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Initial and Boundary Conditions: 

The initial and boundary conditions may be represented by Eq.(3) to Eq.(8): 

 

Initial Condition (t = 0): 
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Boundary Conditions: 

Z = 0:  
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Dimensionless Groups: 

Defining the following dimensionless variables: 
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Also, the dimensionless parameters are defining as: 
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The model equations can be transformed into the following dimensionless Eq. (9) and Eq.(10): 
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In these equations, the Peclet number (Pei) reflects the ratio of the convection rate to the dispersion 

rate, while the Biot number (Bii) reflects the ratio of the external film mass transfer rate to the intra-

particle diffusion rate. 

Initial conditions become ( = 0) Ahmed, 2006 Eq.(11) and Eq.(12):  
 

0),0(  zcc bibi                                                                                                                                                     (11) 

 

0),,0(  zrcc pipi                                                                                                                                                 (12) 

 

And boundary conditions become Eq(15) to Eq(16); 
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The concentration cpi* in Eq.(10) is the dimensionless concentration of component i in the solid 

phase of the particles. It is directly linked to a multi-component isotherm, which is the extended 

Langmuir model Eq.(17) and Eq.(18): 
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And in dimensionless form:  
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Because of nonlinear multi-component Langmuir isotherm is considered, finite element method 

(Galerkin weighted residual method) is used for the discretization of the bulk-fluid phase partial 

differential equation and the orthogonal collocation method for the particle phase equation is 

produced. The ordinary differential equation system with initial values can be readily solved using 

an ordinary differential equation solver such as the subroutine "ODE15S" of MATLAB V-7.3 

which is a variable order solver based on the numerical differentiation formulas (NDFs) Sulaymon 

and Ahmed, 2008.   
 

3   EXPERIMENTAL MATERIALS AND PROCEDURE 

3.1 Adsorbate 

 

Standard stock solutions of 1000 mg/l of lead (II) and chromium (III) were prepared by dissolving 

Pb(NO3)2 and Cr(NO3)3 (BDH, England with minimum purity 99.5 %). The salts obtained from a 

local market with specifications are shown in Table1. Lead nitrate of 0.1599 g and 4.577 g of 

chromium nitrate were dissolved in 1 L distilled water. Metal concentrations were determined by a 

flame atomic absorption spectrophotometer Buck, Accusys 211, USA 
 

3.2  Adsorbent 

Heterogeneous cultures including mostly anaerobic bacteria, yeast fungi and protozoa of sorbents 

were taken from Al-Rustomia third extension drying bed Baghdad-Iraq. The physical, chemical and 

biological properties were measured and listed in Table 2. Anaerobic and facultative anaerobic 

microorganisms (Aeromonas species, E-coli, Pseudomonas aerginrsa, Clostridium, Staphylococcus 

sp and Salmonella sp, Rhizopusarrhizus, Saccharomyces erevisiae) were found in the biomass from 

the drying beds using API Instrument (Biomerieux, France). Preparation (DAB) using 

heterogeneous culture of live anaerobic biomass (LAB) was dried at temperature (37-45°C) for 5 

days crushed, sieved, washed with distilled water and dried at 70°C for 6 h. 

 

3.3   Procedure 

      Solutions pH were adjusted to the desired value (pH=4) using 0.1 M NaOH or 0.1 M HNO3. 
With pH higher than 5.5, solubility of metal complexes decreases sufficiently allowing 

precipitation, which may complicate the sorption process and do not bind to the adsorption sites on 

the surface of  DAB. These flasks were then placed on a shaker (HV-2 ORBTAL, Germany) and 

agitated continuously for 4 h at 200 rpm and (33±3°C). The samples were filtered by no. 42 
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Whatman filter paper. Few drops of 0.1 M HNO3were added to the samples to decrease the pH 

below 2 in order to fix the concentration of the heavy metals during storage before analysis APHA, 

1995.The final equilibrium concentrations were measured by means of atomic absorption 

 

The fixed bed adsorber was made of an acrylic column of 0.05 m inner diameter and 0.5 m height 

Fig. 1. The DAB bed is confined in the column by fine stainless steel screen and glass cylindrical 

packing at the bottom and also at the top of the bed to ensure a uniform distribution of influent 

through the biomass bed. A perforated plate is fixed at the top of the column where the influent 

solution is introduced to the column. 

For determination of the biosorption isotherm, different weights (0.05, 0.1, 0.15… to 0.6 g) of dry 

dead anaerobic biomass were used, (electronic balance Sartorius BL 210S); biosorbent were placed 

in 12 volumetric flasks of 250 mL. A volume of 100 mL of solution with concentration of 50 mg/L 

was added to each flask for single systems of Pb(II), Cr(III) ions respectively. The experiment was 

performed at sufficiently high metal concentrations so that maximal uptake would be achieved. The 

adsorbed amount was calculated using Eq. (19) Sulaymon et al., 2012 b 
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The necessary dosage of DAB used for kinetic study, to reach equilibrium related concentration of 

Ce/Co equal to 0.05, were calculated from Langmuir isotherm model and mass balance equation 

Eq.(20) With Eq.(21) 
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The important characteristic of the Langmuir isotherm can be expressed in terms of the 

dimensionless constant separation factor for equilibrium parameter RL. This is defined by:  
 

   
 

     
                                                                                                      (22) 

The adsorption isotherms were obtained by plotting the weight of solute adsorbed per unit weight of 

biomass qe, mg/g against the equilibrium concentration of the solute in the solution Ce, mg/L, and 

RL Separation factor  Eq. (22) Sulaymon and Ebrahim 2010. Reaction pathways were found using 

2L pyrex beaker fitted with variable speed mixer. The beaker was filled with 1 L of 50 mg/L 

concentration and the agitation started before adding value of DAB. At time zero, the accurate 

weight of DAB where added and samples were taken at specified time intervals. Pore diffusion 

coefficient (Dp) of Pb(II) and Cr(III) was obtained using a batch model by matching the 

concentration decay curve obtained from the experimental data. At the beginning the pore diffusion 

coefficient is assumed and the model is solved numerically using MATLAB program. This process 

continued until obtaining perfect matching between the theoretical and experimental concentration 
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decay curve. The principle parameter required for solving the batch model is the external mass 

transfer coefficient (kf) Eq.(23) and the assumed pore diffusion coefficient (Dp). Eq.(24) The 

external mass transfer coefficient kf and Molecular diffusivity Dm in the fixed bed column model 

were calculated using the correlation of Crittenden Eq.(25) Sulaymon and Ahmed, 2008. 

 

kf=2.4Vs/(Sc
0.58 

Re
0.66

)                                                                                                                      (23)  

 

The liquid diffusivity coefficient was calculated using Eq.(24): 

 

Dm=2.74*10
-9

 (MW)
-1/3

                                                                                                                    (24)      

                                       

The axial dispersion coefficient Db of the liquid flowing through fixed beds was obtained from the 

following correlation Urban and Gomezplata, 2009: 
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4 RESULTS AND DISCUSSION 

4.1 Adsorption Isotherm 
  

The equilibrium isotherm for the investigated solutes (Pb
+2

 and Cr
+3

) onto DAB using multi-

component Langmuir model are presented in Fig.2. The correlation coefficient (R
2
) between the 

experimental data and the theoretical model is 0.958 and 0.999 for lead and chromium respectively. 

The Langmuir parameters are as follows: 

 

 Pb
2+

:   qm= 35.12 mg g
-1

, b= 0.311 L mg
-1

, R
2
 = 0.958 

 Cr
+3

:   qm= 23.84 mg g
-1

, b= 0.165 L mg
-1

, R
2
 = 0.999 

To compare these results obtained by DAB with other absorbents, Table 3 comparison of metal 

adsorption capacities (mg/g) onto different adsorbents 
 

4.2 Pore Diffusion Coefficient 

Pore diffusion coefficients (Dp) of chromium and lead are obtained using the batch model by 

matching the concentration decay curve obtained from the experimental data at optimum agitation 

speed 400 rpm with that obtained from the batch model as shown in Fig. 3. The pore diffusion 

coefficients for each solute are evaluated from batch experiments to be: 
 

 Pb
2+

: Dp = 7.23×10
-11

 m
2
s

-1
, R

2
 = 0.994  

 Cr
+3

: Dp = 3.15×10
-11

 m
2
s

-1
, R

2
 = 0.971 

With kf=4.73×10
-5

 m/s for Pb
+2

 and kf=2.4×10
-5

 m/s for Cr
+3 

 

4.3 Breakthrough Curves of The Binary System 

The experimental and predicted breakthrough curves for single and binary systems for adsorption of 

lead and chromium ions onto DAB at different flow rates, bed height and initial concentration are 

shown in Figs. 4 to 8.  
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5 DISCUSSION 

1. The adsorption capacity order for lead and chromium onto DAB was as follow: 

Pb
+2

 (35.12 mg g
-1

) > Cr
+3

 (23.84 mg g
-1

). This behavior of the capacity of the adsorbate in batch 

system seems to influence the adsorption capacity of DAB in fixed bed adsorber. This can be 

explained by: 

a- Lead nitrate has less solubility (520000 mg    L
-1

) in water in comparison with chromium nitrate 

(810000 mg L
-1

). 

b- Hydrated ion radius for lead is greater than chromium (4.01 Å
2
 for lead and 4.13 Å

2
 for 

chromium). 

c- Lead can be adsorbed by means of electrostatic attraction between positively charged and 

binding sites. Physical adsorption by means of Vander Waals, and dipole-induced dipole has 

been the main way to adsorb lead ions with high electronegativity (2.33) in comparison with 

chromium (1.66) Table 1. However, lead and chromium ions biosorption depended on the 

activity and availability of functional groups onto DAB (electrostatic attraction) with the mean 

of competitive biosorption  Sulaymon et al, 2012 b. 
 

2. The effect of flow rate: 

Figs.4,5 and 6 shows the experimental and predicted breakthrough curves for Pb
+2

 and Cr
+3

 in 

single and binary systems at different flow rates (1.39×10
-6

, 2.78×10
-6

, 4.17×10
-6

 m
3
s

-1
and 5.56×10

-

6
 m

3
s

-1
) in terms of Ce/Co. It’s clear from these figures that as the flow rate increases, the time of 

breakthrough point decreases. This is because that the residence time of solute in the bed decreases. 

Therefore there is not enough time for adsorption equilibrium to be reached which results in lower 

bed utilization and the adsorbate solution leaves the column before equilibrium. It is expected that 

the change in flow rate will affect the film diffusion but not the intra-particle diffusion Sulaymon 

and Ahmed, 2008. The higher the flow rates, the smaller film resistance to mass transfer and hence 

larger kf results. Increasing the flow rate at constant bed height will increase the Bi number with 

slight increase in Pe number as listed in Table 4. When the Bi number is high the time of 

breakthrough point will appear early. The higher Bi number values indicate that the film diffusion is 

not dominating compared to the intra-particle mass transfer and the intra-particle mass transfer is 

the controlling parameter Fig. 6. These results agree with those obtained by Sulaymon et al.,2012 . 

 

3. Effects of bed height: 

Fig. 8 shows that at smaller bed height the effluent adsorbate concentration ratio increases more 

rapidly than that for a higher bed height. Furthermore, smaller bed heights will be saturated in less 

time. Smaller bed heights corresponds to lesser amount of adsorbent, at a given flow rate and 

increasing the bed height will increase the contact time of the solute within the bed, thus improving 

the three solute removal efficiencies 

Increasing the bed height at constant flow rate will increase Peclet number (Pe). Pe is the ratio of 

axial convection rate to axial dispersion rate. When Pe is small the breakpoint appears early and the 

breakpoint increases with increasing Pe as listed in Table 4. Therefore both the internal and 

external resistances are considered as the major items controlling the adsorption kinetics as the bed 

height increases. A deep bed requires more time to reach saturation point or a breakpoint appearing 

later. Also, larger bed provide greater surface area or (adsorption sites) which causes increasing 

adsorption process and contact time. The bed height is one of the major parameters in the design of 
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fixed bed adsorption column Sulaymon et al., 2012 a. The experimental and predicted 

breakthrough curves obtained for different heights of DAB 0.05, 0.1, 0.15 and 0.2 m at constant 

flow rate and constant initial concentration are presented in Fig.8. Hence, the internal and external 

resistances are confirmed to be the main parameters that control the adsorption kinetics with the 

increase in bed height. Similar findings have been obtained by Sulymoon et al., 2012 a 
 

4. Effect of initial concentration:  

The change in initial concentrations of Pb
+2

 and Cr
+3

 will have a significant effect on the 

breakthrough curves. Fig.7 shows the experimental and predicted breakthrough curves at different 

initial concentrations (25, 50, 75 and 100 mg L
-1

). This figure shows that an increase in initial 

concentration causes a decrease in breakpoint time and makes the breakthrough curves much 

steeper, this would be anticipated with the basis of increasing driving forces for mass transfer with 

increasing the concentration of solutes. As the initial concentration increases the time of 

breakthrough point decreases. This may attribute to the diffusion rate and controlled by the 

concentration gradient, it will take a longer time to reach saturation in the case of low initial solute 

concentration. It is also clear that as the influent concentration increases, the adsorption capacity 

increases. These results are in agreement with that obtained by Sulaymon and Ahmed, 2008.   

 

5. In multi-component system (binary system) for lead and chromium, it is clear from Figs. 6,7, and 

8  that, at the initial stage, there are a lot of active sites of DAB, and the strongly (Pb
+2

) and weakly 

(Cr
+3

) adsorbed component take the active site freely. With increasing time, the weakly adsorbed 

component is not easily adsorbed but moves ahead with the bulk-fluid and the strongly adsorbed 

component tends to displace the sites that had been taken by the weakly adsorbed component. The 

result is that the local concentration of the weakly adsorbed component within the fixed bed 

adsorber is higher. These results are in agreement with that obtained by Sulaymon et al., 2012 a. 
 

6 CONCLUSIONS 

The simulated breakthrough curves for adsorption of lead and chromium both in single and binary 

systems onto dead anaerobic biomass are in close agreement with the experimental results. Thus, 

the mathematical model, which includes axial dispersion, film mass transfer, pore diffusion 

resistance and nonlinear isotherm, provides a good description of the single and competitive 

adsorption process in fixed bed adsorbed. As the flow rate increases, the Biot number arranges to 

for Pb(II) ions from 74.6 to 119, for Cr(III) ions from 155 to 249 for each solute, the rate of 

competitive adsorption will decrease and the shape of breakthrough curves will be sharp with lower 

breakpoint, due to the high intra-particle resistance and the decrease in contact time to reach 

saturation. Finally DAB was found to be more suitable adsorbent for removal of lead than 

chromium the same conclusions were obtain by Sulaymon et al., 2012 a. 
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NOMENCLATURE 

 
Å Angstrom, 1×10

-10
 m 

Adsorption equilibrium constant 

relate to affinity between 

adsorbent and adsorbate, L mg
-1

 

b 

Bi Biot number  

C Fluid phase concentration, mg L
-1

 

Ce Equilibrium liquid phase 

concentration, mg L
-1

 

Co Initial liquid phase concentration, 

mg L
-1

 

Db Axial dispersion coefficient m
2
/s 

Dm Molecular diffusivity, m
2
 s

-1
 

Dp Pore diffusion coefficient, m
2
 s

-1 

 

 

dp Particle diameter, m 

kf 

MW 

External mass transfer coefficient, 

m s
-1

 

Molecular weight, g mol
-1

 

L Length of the column, m 

Pe Peclet number 

Flow rate, m
3
 s

-1
 Q 

qe Adorption capacity at equilibrium, 

mg g
-1

 

qm Langmuir constant related to 

maximum adsorption capacity, mg 

g
-1

 

r Radial coordinate, m 

R Radial coordinate, m 

Re Renold number,Re=ρwυdp/μw 

Rp Radius of particle, m 

Sc Schmidt number, Sc= μw/ρwDm 

Sh Sherwood number, Sh=kfdp/Dm 

t Time, s 

VL Volume of solution, L 

http://www.ncbi.nlm.nih.gov/pubmed/18284136
http://pubget.com/search?q=latest%3AEnvironmental+Science+and+Pollution+Research+International&from=22427177
http://pubget.com/search?q=latest%3AEnvironmental+Science+and+Pollution+Research+International&from=22427177
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%291939-019X
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WA Mass of dead anaerobic biomass, 

g 

Z Axial distance, m 

εb Bed porosity 

εp 

μw 

Particle porosity 

Viscosity of water 

υ Interstitial velocity, υ=Q/πR
2

pεb 

ρw Density of water, kg/m
3
 

ρp Particle density, kg/m
3
 

Subscript  

b Bulk fluid phase 

e Equilibrium 

DAB Dead anaerobic biomass 

i Component number, 1,2,… 

L Liquid Phase 

o Initial phase 

p Particle phase 

Cr
3+

 Chromium  

Pb
2+

 Lead 

 
 

 

 

 

 

 

 

Table 1. Main physicochemical properties of the metals tested. 
 

Properties  Lead  Chromium 

Formula  
Pb(II) from 

Pb(NO3)2 

 

 

Cr(III) from 

Cr (NO3)3 

Appearance  

White 

colorless 

crystals 

 

 

blue-violet 

crystals 

Molar mass, g/mole  331.2  238.011 

Standard atomic weight  207.2  51.99 

Solubility in water, 

g/100 mL 
 52  81 

Molecular diffusion, 

m
2
/s×10

-8
 

 4.98  4.22 

Hydrated ion radius (Å)  4.01  4.13 

Crystal radius (Å)  1.19  0.75 

Electronegativity  2.33  1.66 

Charge  2  3 

Density, g/cm
3
  4.53  1.85 

Wavelengths used by 

AA, nm 
 283.3  357.9 

Company  
BDH 

(England) 

 

 

BDH 

(England) 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Atomic_weight
http://en.wikipedia.org/wiki/Orders_of_magnitude_(mass)
http://en.wikipedia.org/wiki/Orders_of_magnitude_(mass)
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Density
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Table 2. Physical chemical and biological characteristic of DAB. 
 

Biomass 

Physical characteristic  (dead 

biomass) 
Biological characteristic (live biomass) 

Particle diameter, mm 0.775 Bacteria  

Surface area, m
2
/g 94.53

(a)
 

Aeromonas species, 

CFU/mL 
222000 

Actual density, kg/m 1741.6 E-coli, CFU/mL 430000 

Bulk density, kg/m 609.9
(b)

 
Pseudomonas aerginrsa, 

CFU/mL 
703500 

Particle porosity 0.584 Klebsiella species, CFU/mL 210000 

Total Suspended Solid, 

mg/L 
153950 Clostridium, CFU/mL 370000 

Volatile Suspended, 

mg/L 
78126 Staphylococcus sp., CFU/mL 210000 

Chemical characteristic (dead 

biomass) 
Streptococcus sp., CFU/mL 490000 

pH 5.5-6.3 Salmonella sp., CFU/mL 190000 

CEC, meq/100g 51.2 Shiglla dysente, CFU/mL 410000 

Lead, mg/L 0. 02 Fungi  

Chromium, mg/L 0.01 Penicillium sp., CFU/mL 180000 

Cadmium, mg/L 0.02 Yeast  

 

Candida albicans, CFU/mL 460000 

Protozoa  

Entamoeba species, 

CFU/mL 
16000 

Giardia lambihia, CFU/mL 90000 

 

(a) Surface area analyzer, BET method, Quantachrome.com.(USA), (b) Apparent density instrument, Autotap, 

Quantachrome.(USA), CEC Cat ion Exchange Capacity, CFU Colony-forming unit  

  

  

 

 

 

 

  

 

 

 

 

http://www.google.iq/url?sa=t&rct=j&q=CFU+&source=web&cd=1&ved=0CCIQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FColony-forming_unit&ei=z2BMT6fAH4bg8AP9v_jmAg&usg=AFQjCNGaR1l7fAHwtuKUD4RXaUaY3WUrSg
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Table 3. Comparison of metal adsorption capacities (mg/g) onto different adsorbents. 

Adsorbent pH 

Other 

informatio

n 

Pb(II) Cr(III) Reference 

Granular Activated 

Carbon 
7.5 

M=30 g/L, 

teq= 30 h 
45(L) 23(L) 

Lawrence et al. 

2010 

Waste sorbent Sugar 

beet pulp 
5.5 

M=1 g/L, 

teq= 8 h 
74(E) 36(E) 

Lawrence et al. 

2010 

bagasse fly ash 5-6 M=10 g/L, 3.8(E) 1.8(E) Gupta and Ali 

  t eq= 1 h   2004 

Green algae 

Spirogyra sp. 
5 

M=10 g/L, 

teq= 1.8 h 
93.5(E) ---- 

Gupta and 

Rastogi  2009 

Fungus  Sargassum 

natans 
3.5 

M=1 g/L, 

teq= 1 h 

252.5(L

) 
---- 

Huifen et al. 

2010 

Macrolagae 

Chlamydomonas 

reinhardtii 

5 
M=1 g/L,     

t eq= 24 h 

24.9 

(L) 
---- 

Tuzun et al. 

2005 

This study (binary 

system) 
4 

M=0.5 

g/L, teq = 4 

h 

35.12 

(E) 

23.84 

(E) 
 

E Experimental uptake, L uptake predicted by the Langmuir model, M biosorbent dosage, teq equilibrium time,                 

----- not available  
 

Table 4. Values of Biot no. and Peclet no. at different flow rates and bed heights. 

 

 
 

  

Pollutants 
Flow 

rate,m
3
s

-1
 

Biot no. 

(Bi) 

Peclet 

no.(Pe) 

Bed height, 

m 

Biot no. 

(Bi) 

Peclet 

no.(Pe) 

Pb
+2

 

1.39×10
-6

 74.6 131 0.05 74.6 32.7 

2.78×10
-6

 93.3 134 0.10 74.6 65.4 

4.17×10
-6

 108 137 0.15 74.6 98.0 

5.56×10
-6

 119 139 0.20 74.6 131 

Cr
+3

 

1.39×10
-6

 115 131 0.05 155 32.7 

2.78×10
-6

 197 134 0.10 155 65.4 

4.17×10
-6

 226 137 0.15 155 98.0 

5.56×10
-6

 249 139 0.20 155 131 
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Figure1. Fixed bed biosorption column. 

 

 
 

Figure 2. Biosorption isotherm for (Pb
+2

, Cr
+3

) onto DAB. 
 

 
Figure 3. Comparison of the measured concentration-time decay data with that predicated by pore 

diffusion model for Pb
+2 

and Cr
+3

. kf=4.73×10
-5

 m/s for Pb
+2

 and kf=2.4×10
-5

 m/s for Cr
+3. 

 

To drain 

Needle 

valve 

Flow meter 

Sampling  

point 

Sampling  
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Feed 

tank 
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Adsorber Valve 

Feed 
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Centrifugal 
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Figure 4. Experimental and predicted breakthrough curves for biosorption of lead onto DAB at 

different flow rate. 
 

 
 

Figure 5. Experimental and predicted breakthrough curves for biosorption of chromium onto DAB 

at different flow rates. 
 

Q=1.39*10
-6

 m
3
/s, Pe=131, Bi=74.6 

Q=2.78*10
-6

 m
3
/s, Pe=134, Bi=94.3 

Q=4.17*10
-6

 m
3
/s, Pe=137, Bi=108 

Q=5.56*10
-6

 m
3
/s, Pe=139, Bi=119 

 

Q=1.39*10
-6

 m
3
/s, Pe=131, Bi=155 

Q=2.78*10
-6

 m
3
/s, Pe=134, Bi=197 

Q=4.17*10
-6

 m
3
/s, Pe=137, Bi=226 

Q=5.56*10
-6

 m
3
/s, Pe=139, Bi=249 
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Figure 6. Experimental and predicted breakthrough curves for biosorption of Pb(II)-Cr(III) system 

onto DAB at different flow rates. 

 

 

 

 

 

Figure 7. Experimental and predicted breakthrough curves for biosorption of Pb(II)-Cd(II) system 

onto DAB at different initial concentrations of Pb(II) ions. 
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Figure 8. Experimental and predicted breakthrough curves for biosorption of Cr(III)-Pb(II) system 

onto DAB at different bed heights.
 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 10000 20000 30000

C
/C

o
 

Time (s) 

   Cr(III)-Pb(II),  Co,Pb,Cd=0.05 Kg/m3 

Q=1.39*10-6 m3/s 

 

 

Series7

Series8

Series9

Series10

Theoretical Pb 

Theoretical  Cr 

L=0.2m 

L=0.15m 

L=0.10 m 

L=0.05 m 

 



Journal of Engineering Volume    20    May      -     2014 Number  5 
 

 

95 

 

Biogas Recovery from Anaerobic Co-Digestion of Poultry House Wastes for 

Clean Energy Production 

 
                         Dr. Zainab Ziad Ismail                                                             Ali Raad Talib 

                         Assistant professor  

           Department of Environmental Engineering                        Department of Environmental Engineering 

        College of Engineering- University of Baghdad               College of Engineering- University of Baghdad                                                                                  
                   Email: zismail9@gmail.com                                                Email: aliraad201089@gmail.com 

 

ABSTRACT 

   Anaerobic digestion is a technology widely used for treatment of organic waste for biogas 

production as a source for clean energy. In this study, poultry house wastes (PHW) material was 

examined as a source for biogas production. The effects of inoculum addition, pretreatment of 

the substrate, and temperature on the biogas production were taken into full consideration. 

Results revealed that the effect of inoculum addition was more significant than the alkaline 

pretreatment of raw waste materials. The biogas recovery from inoculated waste materials 

exceeds its production from wastes without inoculation by approximately 70% at mesophilic 

conditions. Whereby, the increase of biogas recovery from pretreated wastes was by 20% higher 

than its production from untreated wastes at mesophilic conditions. The thermophilic conditions 

improved the biogas yield by approximately 73%. The kinetic of bio-digestion process was well 

described by modified Gompertz model and the experimental and predicted values of biogas 

production were fitted well with correlation coefficient values > 0.96 suggesting favorable 

conditions of the process.  

 

Key Words: biogas, anaerobic digestion, lignocellulosic waste, clean energy. 

 

 لانتاج الطاقة النظيفةالذواجن  استخلاص الغاز الحيىي من الهضم اللاهىائي المشترك لمخلفات

  
 علي رعذ طالب      زينب زياد اسماعيل                                          د.                                               

 أسخبر يسبعذ    

 قسى انُٓذست انبٍئٍت                                          قسى انُٓذست انبٍئٍت                                      

 كهٍت انُٓذست/ خبيعت بغذاد                                  كهٍت انُٓذست/ خبيعت بغذاد                                 

 

 الخلاصة

ثشانخقٍُبث اسخخذايب نًعبندتِ انُفبٌبث انععٌٕتِ  لاغشاض اَخبجِ  انغبص انحٍٕي كًصذس حعذ عًهٍبث انٓعى انلإْائً يٍ اك   

حى دساست حأثٍشاث بعط  كًصذس لاَخبج غبص انًٍثبٌ حٍث يخهفبث انذٔاخٍفً ْزِ انذساست حى اسخخذاو نهطبقتِ انُظٍفتِ. 

ت انكًٍٍبٌٔت انخًٍٓذٌت نهًخهفبث قبم اخشاء عًهٍت انٓعى انعٕايم انخشغٍهٍت كأظبفتِ بشاص انحٍٕاَبث )ححذٌذا انذخبج(، انًعبند

ٌَ أكبش يٍ حأثٍش انًعبندتِ  .دسخت حشاسة عهى إَخبجِ انغبص انحٍٕي ٔ انلإْائً، ٌّ حأثٍشَ إظبفتِ بشاص انحٍٕاَبث كَب بٍُج انُخَبئحَِ بأ

ٍْ انًخهفبث بعذ اظبفت  ٍْ انًخهفبث بذٌٔ انخًٍٓذٌت انقهٌٕتِ نهفعلاثِ انخبوِ. انغبص انُبحح يِ بشاص انحٍٕاَبث اكثشُ يٍ انغبص انُبحح يِ

ٍْ انًخهفبث انخً حًج يعبندخٓب  .(Mesophilic) % ححج ظشٔف انحشاسة انًعخذنت70اظبفت بًب ٌقبسة  ايب انغبص انُبحح يِ

 ظشٔف حشاسة يعخذنت% ححج 20بشكم أنً فقذ كبٌ يعذلُ اَخبخّ اعهى يٍ انًخهفبث انخً بذٌٔ يعبندت حًٍٓذٌت بًب ٌقبسة 

(Mesophilic)   الاعهى ايب فً انظشٔف انحشاسٌت(Thermophilic)  فقذ بٍُج انُخبئح اٌ كًٍبث انغبص انحٍٕي انُبحح قذ

عهى انقٍى انُبحدت يٍ  (Modified Gompertz Model) حى حطبٍق ًَٕرج سٌبظً نعًهٍت انٓعى ْٕٔ .%73اسحفعج انى 

 .0.96نُخبئح  ٔخٕد حطببق بٍٍ انُخبئح انًخخبشٌت ٔانُظشٌت بًعبيم اسحببغ < انخدبسة انًخخبشٌت, ٔقذ بٍُج ا

 

 .انطبقت انُظٍفت ،انًخهفبث انهكُٕسٍهٍهٕصٌت ،ًئانٓعى انلإْا ،انغبص انحٍٕيالكلمات الرئيسية : 
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1. INTRODUCTION 

Renewable energy is a socially and politically defined category of energy sources. Renewable 

energy is generally defined as energy that comes from resources which are continually 

replenished on a human timescale such as sunlight, wind, rain, tides, waves and geothermal heat.  

About 16% of global final energy consumption comes from renewable resources, with 10% of 

all energy from traditional biomass, mainly used for heating, and 3.4% from hydroelectricity. 

Renewable energy sources play a key role in the current European Union strategies to mitigate 

the impact of global warming. Among the different forms of renewable sources, biomass is 

undoubtedly one of the most promising, Messineo, et al., 2012. When biomass is burn or 

digested, the emitted CO2 is recycled into the atmosphere, so not adding to atmospheric CO2 

concentration over the lifetime of the biomass growth, Twidell, and Weir, 2006.  

Anaerobic digestion has been, and continues to be, one of the most widely used processed for 

the stabilization of biosolid waste, such as from the agro and municipal waste to industrial 

waste. The widespread use of this technology stems from its potential advantages. These 

advantages include the production of energy of methane (in excess of that required for process 

operation), a reduction of 30–50% of waste volume requiring ultimate disposal, and a rate of 

pathogen destruction-particularly in the thermophilic process. The anaerobic digestion 

technology, properly implemented in an agro, municipal or industrial technical reality, can also 

be used to control malodorus emissions. The stabilized biomass can also be utilized as an 

excellent soil conditioner after appropriate treatment, Converti, et al., 1999.  

Biogas is a gas mixture mainly composed of methane. The composition of biogas varies 

depending upon the types and relative contents of different raw materials, as well as upon the 

different conditions and fermenting phases. The quality of biogas generated by organic waste 

materials does not remain constant but varies with the period of digestion, Abdel-Hadi, 2008. 

Yunqin, et al., 2009 developed an alkali pretreatment process prior to anaerobic digestion of 

pulp and paper sludge (PPS) to improve the methane productivity. Different concentrations of 

sodium hydroxide solution were used to pre-treat the pulp and paper sludge (PPS). The process 

efficiency of PPS with and without pretreatment was evaluated. The highest methane yield 

under optimal pretreatment condition was 0.32m
3
 CH4/kg VS removal. The results indicated that 

alkali/NaOH pretreatment could be an effective method for improving methane yield with PPS.  

Kafle, et al., 2013, studied the use of fish waste (FW) obtained from a fish processor for biogas 

production. The FW silages were prepared by mixing FW with bread waste (BW) and brewery 

grain waste (BGW), and the quality of the prepared silages were evaluated. A first-order kinetic 

model and the modified Gompertz model were used to predict methane yield. The biogas and 

methane yield for FW silages after 96 days was calculated to be 671–763 mL/g VS and 441–482 

mL/g VS, respectively.  

Current study, aimed to study the biogas production and recovery from the anaerobic co-

digestion of poultry house wastes. This type of solid waste materials is abundantly available in 

Iraq without proper consideration and management. 

2. MATERIALS AND METHODS 

2.1 Materials 

Poultry houses wastes (PHW) used in this study included a mixture of chicken feather, chicken 

feet, egg cartons and boxboard. Samples were freshly collected from local poultry houses. These 

materials are available in enormous quantities as a discarded waste material of no economic 

value. Inoculum, chicken dung which is known to be rich in methanogenic anaerobic bacteria 

was used to inoculate the bio-digesters. These materials were freshly collected from local 

http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Sunlight
http://en.wikipedia.org/wiki/Wind
http://en.wikipedia.org/wiki/Rain
http://en.wikipedia.org/wiki/Tidal_power
http://en.wikipedia.org/wiki/Wave_power
http://en.wikipedia.org/wiki/Geothermal_energy
http://en.wikipedia.org/wiki/Renewable_resource
http://en.wikipedia.org/wiki/Biomass
http://en.wikipedia.org/wiki/Heating
http://en.wikipedia.org/wiki/Hydroelectricity
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slaughter and poultry houses, prepared as slurry, and then added to the digesters as a 

supplementary material to enrich the bacterial activity and enhance the anaerobic bio-digestion 

process. All chemical reagents used in this study were of analytical grade as given in Table 1. 

2.2 Methods of Analysis 

2.2.1 Total, volatile solids and pH  

The measurement of total solids (TS) and volatile solids (VS) were carried out in triplicate 

according to the procedure outlined in the standard methods, APHA, 1998. pH was measured 

using pH meter (Model: WTW, Inolab 720). The average measured values of total solids (TS), 

volatile solids (VS), and pH for the examined poultry house waste samples were found to be 

24.28 ± 1.20, 23.32 ± 1.08, and 7 ± 0.4, respectively.  

2.2.2 Biogas production 

The produced biogas was measured by three different methods including the followings: 

Manometer, a simple apparatus consisted of glass U-tube shape with 10 mm internal diameter 

filled with potassium hydroxide solution. The U-tube hitched with tap to adjust the level of 

solution with atmospheric pressure after CO2 removal. The tube was provided with two ports, 

one for a biogas injection, and the other for gas outlet after removal of CO2. Methane percentage 

was measured using potassium hydroxide solution in the laboratory scale investigation. The 

released gas was fractioned in a percentage (i.e. methane and CO2 percentage) using the 4% 

potassium hydroxide. All measurements were carried out at room temperature and atmospheric 

pressure. The volume of gases was recalculated for standard temperature and pressure (STP: 0
o
C 

and 1 bar), Hansen, et al., 2004. 

Water displacement method, the gases were first passed through an airtight washing bottle 

containing 1 molar sodium hydroxide solution in order to eliminate the carbon dioxide. Then the 

remaining methane passed to a 500-ml glass container; displacing the water which overflowed 

into a measuring cylinder. The volume of displaced colored water represents the volume of 

produced methane.  

Gas chromatography (GC), was used to determine the major components of the biogas 

produced as a byproduct of the anaerobic digestion process.  

 

2.3 Experimental Procedure 

The experimental work consisted of the main following steps: 

Pretreatment of waste materials, the pretreatment of poultry house wastes was carried out to 

facilitate the hydrolysis of cellulose component existing in the substrate. Cellulose has a highly 

crystalline structure due to the presence of an extensive hydrogen bond and inter-chain in the 

cellulose structure. There are various methods of pretreatment to destruct the lignin component 

and to reduce the crystalline nature of the cellulose structure. After manual cleaning by 

removing dirt dust, the clean materials were crushed, and sieved to different particle sizes. 

Chemical pretreatment included the addition of Ca(OH)2 to the sieved waste materials at 

concentrations ranged from 0.1 to 0.2 g Ca(OH)2/g TS of waste was carried out then the 

mixtures were autoclaved at 120 °C for 20 min. The calcium will precipitate and removed as 

CaCO3 by flushing the autoclaved mix with CO2, Forgács, 2012. 

Inoculum preparation, Inoculum slurry was prepared by mixing either 50 g of chicken dung 

with 400 mL distilled water. The mixed slurry was manually homogenized with glass rod. 

Experimental setup and digesters start-up, in this study, a series of lab scale-digesters were 

operated in batch mode to study the biogas production from the poultry houses wastes. The 

apparatus used to carry out the processes of anaerobic biological degradation, basically 
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comprised of 500-mL Pyrex borosilicate heatproof code glass bottles act as the anaerobic bio-

digesters. The components of each digester were maintained at 1:10 which is equivalent to 40 g 

solid waste material: 400 mL (inoculum slurry or distilled water). Each digester was tightly 

plugged with rubber stopper contains 2 holes each of 4mm diameter through which a piece of 

glass tube was submersed into the digester and the other end of the glass tube was connected 

with rubber tube for the produced biogas transfer to the gas measuring section. The rubber 

stoppers were tightly wrapped with parafilm to prevent any release of the produced gas. 

Digesters were immersed in a thermostatic water bath to maintain the required temperature 

conditions. Manual shaking of digesters were daily performed to insure that substrate molecules 

and bacterial come into close. The experiments were divided into two groups labeled I for 

mesophilic tests at 38º C, and II for thermophilic tests at 55º C. Group I consisted of 3 digesters, 

while group II consisted of 1 digester as given in Table 2. To achieve anaerobic conditions in 

the digesters, they were flushed with nitrogen for 10 min to provide anaerobic environment 

conditions. 

Soil fertilization with digested sludge of lignocellulosic waste materials, to examine the overall 

efficiency, feasibility, and sustainability of the selected treatment approach, the sludge resulted 

from the digestion process was further processed and a decision was made to examine the 

validity of utilizing this sludge as a fertilizer.  Cress seeds were selected for this test. The seeds 

were planted in suitable pots, fertilized with the sludge. The pots were irrigated and observed on 

a daily basis for a period of one week. 

3. RESULTS AND DISCUSSION 

The results of operating 4 anaerobic bio-digesters in duplicate with (190) sample tests and 

measurements proved a sustainable and environmentally friendly approach for biogas recovery 

from the selected agro-industrial waste materials as well as reduction of the waste volume. 

 

3.1 Biogas Production  

Results of anaerobic digestion process were used to analyze the quality of biogas with respect to 

its major component, methane (CH4). In order to determine the best conditions for maximum 

volume of the recovered biogas from the waste materials, the effect of several key parameters 

including inoculum addition, chemical pretreatment of the digestive waste materials, and 

temperature were carefully considered in this study. 

3.1.1 The influence of inoculum addition 

This part of work was carried out to study the effect of inoculum on biogas production. The 

biogas production in digester No. 1 for pretreated PHW with inoculum and digester No. 2 for 

pretreated PHW without inoculum was monitored for 160 day. The effect of inoculum addition 

on biogas yield is given in Figs. 1-3. However, results of the specific biogas production Table 3 

indicate that the use of inoculum improved the co-digestion process and anaerobic 

biodegradation of waste materials. The increase of biogas production associated with the 

inoculum addition is significantly related to the increase of cultures populations since the 

chicken dung is a rich source for bacteria. However, the existence of cellulose digestive bacteria 

could be another potential assumption for the increase of biogas generation rates, this type of 

bacteria is capable to attack the tight association between lignin and cellulose bond. These 

results are in a good agreement with the previously outlined findings reported by Budiyono, et 

al., 2010, for biogas production from anaerobic digestion of inoculated with rumen fluid. 

Results revealed that biogas production rate increased two to three times compared to the 

digestion of cattle manure without rumen fluid.  
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3.1.2 The influence of chemical treatment  

This section was devoted to investigate the effect of chemical pretreatment on biogas production 

for each type of waste materials. Results of the chemical pretreatment effect on biogas 

production in digester No. 1 for pretreated inoculated PHW and digester No. 3 for untreated 

inoculated PHW is given in Figs. 4-6. Anaerobic digestion of lignocellulosic materials is a 

challenge because of the complex, rigid, and fibrous structure of these matters which under 

anaerobic conditions degrades poorly. Therefore, the addition of alkaline buffer based on total 

solid contents increased the biodegradability of the organic fraction of solid waste, 

Abdulkarim, and Evuti, 2010.  However, plots given in Figs. 4-6 indicate that the effect of 

alkaline pretreatment for this waste material was significant with respect to the enhancement of 

co-digestion process and the subsequent biogas production. Table 4 presents the effect of 

pretreatment on the biogas produced from the co-digestion process of the lignocellulosic waste 

materials in this study. 

3.1.3 The influence of temperature 

Results revealed a significant effect of temperature on biogas production as given in Fig. 7. The 

biogas recovery at thermophilic conditions was relatively higher than at mesophilic conditions 

in all digesters. This is due to the general rule that temperature is a very important operational 

parameter in anaerobic digestion processes. Zinder, et al., 1984, suggested that methanogensis 

are optimal at 55 to 60°C and completely inhibited at 65°C. Table 5 summarizes the effect of 

temperature condition on the specific biogas production during 90 days-period observation 

indicating that biogas production at thermophilic conditions exceeds its production at 

mesophilic conditions by 73%. In conclusion, biogas yield with respect to methane content 

produced at thermophilic conditions is more favorable than its quality produced at mesophilic 

temperature range in this study Fig. 8. These observations are in a good agreement with the 

previously reported data regarding the biogas production at mesophilic and thermophilic 

conditions. Vindis, et al, 2009, reported a decrease in solid retention time and increase in biogas 

production from anaerobic digestion of maize silage under thermophilic conditions. Achu, and 

Liu, 2010, realized higher biogas productivity under thermophilic conditions. 

3.2 Kinetic Model 
Biogas production rate in batch condition is corresponding to specific growth rate of 

methanogenic bacteria in the bio-digester. Accordingly, the predicted biogas production rate will 

obey Modified Gompertz Model Eq. (1), Nopharatana, et al., 2007, as follows: 

G(t)= G0.exp{- exp [ ((Rmax.e)/G0) (λ-t) +1 ]}                                                                               (1)  

Where: 

G(t) = the cumulative biogas yield at a digestion time (mL/g VS)  

G0 = the biogas potential of the substrate (mL/g VS)  

Rmax = maximum methane production rate (mL/g VS-d)  

λ = lag phase (day)  

t = time (day)  

e = exp (1) = 2.7183.  

 

A nonlinear least-square regression analysis was performed using SPSS [IBM SPSS statistics 18 

(2009)] to determine λ, Rmax, and the predicted biogas and methane yield Table 6 at 90 day. 

Plots of the measured and predicted values of biogas production are given in Figs. 9-11. It is 

well observed that the predicted values of biogas production using modified Gompertz model is 

well fitted with the measured values. Results of this section are in a good agreement with the 
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previously outlined findings. Kafle, et al., 2013, reported that the measured values of biogas 

produced from the bio-digestion of fish waste are well fitted with the predicted values using 

modified Gompertz model. Budiyono, et al., 2010, proved that the measured values of biogas 

produced from the digestion of cattle manure in batch mode are well fitted with the predicted 

data obtained by modified Gompertz model. 

3.3 Soil Fertilization with Residual Digestates 

The results of this part of work demonstrated that the selected process is a potential approach to 

treat residues of digestion process of poultry house waste materials. Fig. 12 presents the growth 

progress of cress seeds after one week's observation period. As shown in this Figure, healthy 

favorable growth of fertilized crop was observed compared to the non-fertilized crop indicating 

that this approach is potential method to treat residues of digestive process. 

 

4. CONCLUSIONS 

This study was devoted to investigate the potential of anaerobic co-digestion for biogas 

production using abundantly available lignocellulosic waste materials of no economic value as 

the substrate. The co-digestion process was evaluated using poultry houses wastes (PHW). The 

main conclusions that can be drawn from this study are as follows: 

● The experimental work demonstrated that the volume of produced biogas significantly 

affected by inoculum addition, pretreatment of waste materials, temperature conditions 

(mesophilic or thermophilic). 

 

● The ultimate biogas yield from co-digesting of inoculated wastes was estimated to be 99.058 

± 3.8 mL/g VS, whereby without waste inoculation it was 58.261 ± 4.7 mL/g VS for PHW. 

These results indicate the potential effect of inoculum addition on the digestion process. 

 

● Maximum biogas production from co-digestion of alkaline pretreated wastes was estimated to 

be 99.058 ± 3.8 mL/g VS, whereby, it was 82.246 ± 6.3 mL/g VS for untreated PHW. 

 

● During 90 days observation period, maximum biogas production from pretreated inoculated 

PHW were 87.173 mL/g VS at mesophilic temperature condition. However, higher rate of 

methane production was observed at thermophilic condition which were 150.870 mL/g VS. 

 

● kinetic of bio-digestion process was well described by Modified Gompertz Model and the 

experimental and predicted values of biogas production were fitted well with correlation 

coefficient values > 0.96 for the PHW suggesting favorable conditions of the process. 
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NOMENCLATURE 
G(t)= the cumulative biogas yield at a digestion time , mL/g VS.  

G0= the biogas potential of the substrate, mL/g VS.  

Rmax= maximum methane production rate, mL/g VS-d.  

λ= lag phase, day.  

t= time, day.  

 

 

Table 1. Chemical reagents detail. 

Chemical Reagent 
Chemical 

Formula 

Purity

% 
Provided by Purpose of Use 

Sodium bicarbonate NaHCO3 99 BDH, England pH adjustment 

Phenolphthalein C14H14N3NaO3S 99 BDH, England To color the water in 

the displacement bottle 

Calcium hydroxide Ca(OH)2 99 BDH, England Pretreatment of waste 

Sodium hydroxide NaOH 98 BDH, England CO2 removal 

Potassium hydroxide KOH 98 BDH, England CO2 removal 

 

Table 2. Digesters setup with waste material at different temperature condition. 

Poultry houses 

waste (PHW) 

Digester 

No. 
Waste materials mix in digester 

Temperature 

condition 

Group (I) 

1 Pretreated waste inoculated with chicken slurry 

Mesophilic 2 Pretreated waste with distilled water 

3 Untreated waste inoculated with chicken slurry 

Group (II) 4 Pretreated waste inoculated with  chicken slurry Thermophilic 

 

 

Table 3. Effect of inoculum addition on biogas production. 

Digester 

No. 
Inoculum 

Maximum specific 

biogas production 

(mL/g VS) 

Maximum specific 

CH4 production 

(mL/g VS) 

Biogas 

increase  

(%) 

1 Applicable 99.058 ± 3.8 63.367 
70.02 

2 NA* 58.261 ± 4.7 35.932 

* Not applicable 

 

 

 

http://en.wikipedia.org/wiki/Phenolphthalein
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Table 4. Effect of pretreatment process of waste materials on biogas production. 

Digester 

No. 
Pretreatment 

Maximum specific 

biogas production 

(mL/g VS) 

Maximum specific 

CH4 Production 

(mL/g VS) 

Biogas 

increase 

(%) 

1 Applicable 99.058 ± 3.8 63.367 
20.44 

3 NA* 82.246 ± 6.3 51.879 

* Not applicable 

 

Table 5. Effect of temperature on specific biogas production from pretreated inoculated PHW. 

Digester 

No. 

Temperature 

condition 

Specific biogas production 

(mL/g VS) 

Specific CH4 

production 

(mL/g VS) 

1 Mesophilic 87.173 55.635 

4 Thermophilic 150.870 110.225 

 

Table 6. Results of a kinetic study using Gompertz model at mesophilic conditions. 

Digester 

No. 

G(t) exp. 

(mL CH4/g 

VS) 

Gompertz model parameters 

R
2
 

λ 

(day) 

Rmax. 

(mL CH4/g 

VS) 

G0 

(mL CH4/g 

VS) 

G(t) model 

(mL CH4/g 

VS) 

1 55.635 8.475 0. 877 63.367 55.830 0.981 

2 32.320 18.018 0. .544 35.932 31.220 0.986 

3 44.745 13.280 0. 701 51.879 44.100 0.983 
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Figure 1. Biogas production profile for digesters No.1 and 2. 

 

 

Figure 2. Percentages of CH4 production digesters No. 1 and 2. 

 

 
 

Figure 3. Specific and cumulative biogas production profiles for digesters No. 1 and 2. 
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Figure 4. Biogas production profile for digesters No.1 and 3. 

 

 
 

Figure 5. Percentages of CH4 production digesters No. 1 and 3. 

 

 
 

Figure 6. Specific and cumulative CH4 production profiles for digesters No. 1 and 3. 
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Figure 7. Specific and cumulative biogas production profiles in digesters No.1 and 4. 

 

 

 

 

 
 

Figure 8.  Potential effect of temperature on the specific biogas production for the four cases.  
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Figure 9. Measured and predicted data for pretreated inoculated PHW. 

 

 

 

 

 
 

Figure 10. Measured and predicted data for pretreated PHW with distilled water. 
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Figure 11. Measured and predicted data for untreated inoculated PHW. 

 

 

 

 

 
 

Figure 12. Growth observations for the planted cress seeds after one week, red pot (A) is for 

non-fertilized soil, black pot (B) for fertilized soil with digestate.
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ABSTRACT 

This work consists of a numerical simulation to predict the velocity and temperature 

distributions, and an experimental work to visualize the air flow in a room model. The numerical 

work is based on non-isothermal, incompressible, three dimensional,  k turbulence model, 

and solved using a computational fluid dynamic (CFD) approach, involving finite volume 

technique to solve continuity, momentum and energy equations, that governs the room’s turbulent 

flow domain. The experimental study was performed using (1/5) scaled room model of the actual 

dimensions of the room to simulate room air flow and visualize the flow pattern using smoke 

generated  from burnt herbs and collected in a smoke generator to delivered through the prototype 

room. The numerical results were compared with those obtained from experiments, the 

correspondence between numerical and experimental was fairly good and also, a fair comparison 

was found with other workers in this field. 

 

Key words: visualization, air flow, indoor air, climate, numerical 

 دراسة تأثير مذخل ومخرج الهىاء على حركة الهىاء داخل غرفه

                                                                         أحمد جاسم حمد                                           عبد الهادي نعمه خليفه         
                   استاذ  مساعد                                                              مدرس                                               

    بغداد                                                       - الكلية التقنية                                       بغداد                  - الكلية التقنية

                          أحمد قاسم أحمد                                                                                                       جهين جودت فرج          
                مدرس                                                                   مدرس مساعد                                            

 بغداد - بغداد                                                        الكلية التقنية - الكلية التقنية

 الخلاصة

يٓذف ْزا انجحث انٗ رحسيٍ انًؼشفخ ثجؼض انٕسبئم انزي يًكٍ اٌ رسزخذو في حسبة  رٕصيغ انسشع ٔدسخبد انحشاسح     

ركييف ثُٕػيّ  خانًكيف نهغشفّ ْٔزِ انخطِٕ لايًكٍ الاسزغُبء ػُٓب ػُذ رصًيى اَظًٔاظٓبس ْيئّ خشيبٌ انٕٓاء خلال انفضبء 

ػذديّ نحسبة رٕصيؼبد انسشع ٔدسخبد انحشاسِ ٔػًم ردشيجي لاظٓبس ْيئّ خشيبٌ  حخيذح. رضًُذ انذساسّ اخشاء يحبكب

ثلاثي الاثؼبد انًضطشة غيش انًُضغظ  انًحبكبح انؼذديّ نهدشيبٌ اػزًذد ػهٗ إًَرج اندشيبٌ .انٕٓاء في إًَرج انغشفّ

. اخشيذ انذساسّ طشائك ديُبييك انًٕائغ انحسبثئاسزخذو في انحم احذٖ  kٔثذسخبد حشاسِ يخزهفّ ٔثبسهٕة انًؼبدنزيٍ 

خشيبٌ انٕٓاء نهفضبء نًحبكبح  5\9ْزِ انذساسّ ٔفك يؼبيم ليبس يُبست  انزدشيجيّ ػهٗ إًَرج يصغش نغشفّ صًى َٔفز خلال

يٕخّ انٗ إًَرج  ٔيدًغ في يٕنذ دخبٌ ثبسزخذاو دخبٌ يُزح يٍ احزشاق حجٕة َجبريّ  انحميمي )انغشفّ( لاظٓبس ْيئّ اندشيبٌ

 يمبسَخ انُزبئح انؼذديّ يغ انُزبئح انزدشيجيّ ٔيغ َزبئح ثبحثيٍ اخشيٍ اظٓشد رٕافك يمجٕل. .انغشفّ
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1. INTRODUCTION 

The major objective of the heating, ventilation and air-conditioning system is to provide comfort 

and suitable indoor air quality within the occupied zone of building. An important step in the 

process is to furnish air to each space, in such a way that any natural air current or irradiative 

effect within the space are counteracted, and assure that temperature, humidity and air velocities 

within the occupied zones, are held at acceptable condition. The challenge is to provide good 

mixing without creating uncomfortable drafts, and assure that there is reasonable uniformity, 

without unacceptable changes in the room conditions as the load requirements of the room change. 

Awbi, 1989. studied the results of computer programs developed for solving 2-D and 3-D 

ventilation problems, the problems were solved by finite difference form, steady state 

conservation equations of mass, momentum, and thermal energy. Preservation of fluctuating 

velocity components is made using the  k  turbulence model. Predicted result of air velocity 

and temperature distribution in the room, were corrected by experimental measurements, a CFD 

method has been described and applied to predict the air flow and heat transfer in 2-D enclosure 

and the 3-D flow of wall jet over surface with mounted obstacles. The CFD solution produced 

reasonably good predictions of the air velocity and temperature distribution in the test room.        

Bartak , et el.,2001. studied the room with mixing ventilation, focused on the local mean age of 

air. The measurements were performed, using the tracer gas concentration decay method. The 

numerical predications were obtained from CFD model. Two numerical grids, coarse and fine, 

have been used to compare the accuracy of the results.  Hanibuchi, and Hokoi,2001. studied the 

distribution properties of room air temperature, velocity and heat loss, which were investigated 

experimentally and analytically. Measurements under heating condition were made in a full-scale 

model room, in order to investigate the influence of air conditioner location on the velocity and 

temperature fields in steady state, as well as unsteady heating load. The following results were 

obtained, the influence of the direction in which the jet was blown from the air conditioner is 

clearly seen in regions of different temperature distribution adjacent to the floor; the heat loss 

calculated from those experimental results showed several difference characterized by the 

direction of the blown jet, and the difference between the maximum and minimum heat loss 

obtained from the experimental results is roughly 15%, and, results from numerical analysis agree 

with the experimental results.  Zhang, and Chen,2005. studied the particle transport and other 

distributions in ventilated rooms, by both experimental investigation and numerical simulation. 

The numerical simulation was achieved by  k turbulence model, the Lagrangian particle 

tracked method, and the particle source in cell scheme. The Lagrangian method was introduced, 

evaluated and then used to analyze particle dispersion in rooms, with three different ventilation 

systems. The Lagrangian method introduced uncertainty in the particle concentration calculation. 

The uncertainly level is associated with Lagranging sample size, number of computational cells 

for concentration, and even particle source position in the turbulent flow. Nielsen, 2006. 

conducted the experiments with room air distribution that is generated by a radial ceiling-mounted 

diffuser and a diffuser generating flow with swirl then compared with the air distribution obtained 

by mixing ventilation from a wall-mounted diffuser, vertical ventilation, and displacement 

ventilation. The air distribution generated by a radial diffuser is partly controlled by the 

momentum flow from the diffusers and partly from gravity forces where the thermal load and the 

temperature difference between room air and supply air deflect the radial wall jet down into the 

occupied zone. The ceiling diffuser with swirling flow generates a flow pattern in the room that is 

rather uninfluenced by the thermal load. The flow is highly mixed above the occupied zone, and 

the air movement penetrates the occupied zone close to the walls. All systems were tested in the 

same room with a load consisting of two manikins, each sitting at a desk with two PCs and two 

desk lamps, producing a total heat load of 480 W. In all five cases, the design of the air 

distribution system was based on flow elements from the diffuser, a maximum velocity 

assumption, and a critical vertical temperature gradient in the room. Chen, and Zhang,2008.  
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introduced two categories of flow models, Reynolds Average Navier stoke equation model 

(RANS modeling), and Large Eddy Simulation (LES), as well as two popular particle models 

(Lagrangian and Eulerian). Both RANS and LES modeling have been used to predict air flow in 

rooms. The performance of RANS modeling was similar to that of LES for the case studied. 

However, LES provide more detailed information than RANS modeling and used only one or no 

empirical coefficient. LES is considered as a powerful tool for multiple scale studies. Kwang, et 

al., 2008. studied the effect of the airflow discharge rate of the ceiling type air-conditioner on 

ventilation performance in a lecture room  with  mixing ventilation. Experiments and CFD were 

conducted for analyzing ventilation performance. The concepts of mean air age and indoor CO2 

concentration were used for evaluating ventilation performance. A CO2 generation model was 

used in the simulation and calculation a lot of cases with respect to the airflow rate of air-

conditioner and the mechanical ventilation rate. A selected experimental measurements were 

performed in the lecture room of the same layout as the numerical one for verifying simulation 

results. Mean air age is gradually increased, but CO2 concentration is oppositely decreased in the 

occupied zone with the increment of the discharge airflow rate of the ceiling type air-conditioner. 

This result shows that both mean air age and residual life time must be considered for evaluating 

ventilation performance when the contaminants are generated indoors. And the increment of 

discharge airflow of the ceiling type air-conditioner can induce the piston effect and push the 

contaminants out of the occupied zone. From this result, it is found out that ventilation 

performance can be increased when the momentum source like an air-conditioner is used in the 

room with the mixing ventilation. 

 

2. ROOM AIR MODELING 

    The successful prediction of room air flow or air movements in enclosure has recently been 

based on two approaches. The first approach depends on the measurements of air velocity, and 

temperature distribution in a physical model of building in a laboratory, for pre-design evaluation 

or actual site measurements for post design investigation. The second approach depends on 

numerical predication by considering the room air flow simulation model solved using 

computational fluid dynamic (CFD) techniques. The two approaches mentioned above were used 

in this work. 

2.1 Numerical Solution                          

   The equations that describe the flow of a fluid and heat within an enclosure are all based on 

Awbi,1989, and assume that the numerical simulation is based on non-isothermal, incompressible 

three- dimensional ( k ) two - equations turbulent flow model: 

2.1.1 Conservation of mass 
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2.1.2 Conservation of momentum 

For x direction, U momentum is: 
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Similar equations are used for momentum in y and z directions. 
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2.1.3 Conservation of energy 
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The term ST is a source term allowing for the rate of thermal energy production. 

2.1.4 k Turbulence model 

   Two equations k  turbulent model is considered to simulate the turbulent flow numerically. 

The transport equation for turbulence kinetic energy (k) is given by [Awbi, 1989.]: 
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,1, is the turbulent Prandtl number (0.5 to 0.9) Awbi,1989, and uc   is constant 

09.0 , the last term of equation 4 represents the effect of buoyancy. 

The body force in x and z direction zgandxg   were omitted. 
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The body force in the y direction has been written as a buoyancy force, where is the density at the 

flow reference temperature. 
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The transport equation for   is given as: 
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Where: 

 k

e

k 






,  :is a constant equal to 1.22, C1=1.44, C2=1.92. 

2.1.5 Boundary conditions 

2.1.5.1 Inlet boundary conditions 

The flow is assumed uniform at room inlet as shown in Fig.1. The tangential velocity is set to be 

zero, the normal velocity component (Un) is determined depending on the desired air change per 

hour (ACH) as follows Kwang, 2008: 

 

    (9)               
.3600

.

in

r
jet

A

VACH
U  

    Where:                                                                                                        Figure1.  

   
rV  =Room volume  

  inA =Supply outlet area 

The kinetic energy and dissipation rate at inlet are determined using the following equations  

Awbi, 1989: 

(11)                                                           

(10)                                                  .
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Where 005.0  and 2
uI =0.14  

2.1.5.2 Outlet boundary conditions 

A uniform velocity distribution is assumed over the room outlet. Tangential velocity is considered 

to equal zero (Ui=0), and the normal velocity is computed from the continuity equation. 

 

 
(12)                             

.

.

outA

inA
inUoutU




   



Journal of Engineering Volume    20    May      -     2014 Number  5 
 

 

991 
 

Exit temperature Tout is obtained from the energy equation for whole flow field. Due to the 

assumption of a uniform distribution of the forces in the exit plane, the gradient of ,k   and all 

scalar properties are zero Kwang,2008, hence 

(13)         ,0,0,0 














nxnx

k

nx

T 
  

2.1.5.3 Solid boundary conditions 

The normal velocity Un is considered equal to be zero at the wall. The simplest way of imposing 

the tangential velocity Ui is  

 (14)                                            
ny

imU

wallnx

iU





 

Where m is a constant equals to
7

1
. 

Boundary conditions for turbulent energy may be imposed using the following equation     

Nielsen, 2006: 

(15)                          
).(

2

3

2

1

nyk

kuc
  

Where uc  is constant and equal to 0.09. 

To impose the temperature B.C. on the wall, a heat balance concept is adopted, by assuming the 

heat conduction through the wall is equal to the heat convected  a way from the wall. 

(16)                       )2( wTThc
nx

T
k 



 

2.1.6 Initial conditions 

The initial values for all three velocities and pressure at every node inside the computational flow 

domain are set to zero, while, the initial value of temperature is assumed some suitable value 

depending of each case, and the initial values for the turbulent kinetic energy and turbulent 

dissipation rate are set at some percentage of the inlet values. 

2.2 Numerical Procedure 

      A finite volume method has been used in discretization scheme with staggered grids and Semi 

Implicit Method for Pressure Linked Equation (SIMPLE) procedure to link the velocity filed to 

pressure filed  Shuzo, 1989 . The computational domain is divided into number of non-

overlapping control volumes. 

 

3. EXPERIMENTAL WORK 

       The experimental test rig consists of a typical prototype room (5m × 4m × 3m), and a suitably 

scaled (1/5) model room (1m × 0.8m × 0.6m). The minimum air changes per hour (ACH), for a 

room with side wall supply air, was calculated using the relation given by  Kwang,2008: 
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      (17)            3
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84.7
LH

qB
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Where : 

B,H,L= room dimension in m. 

q: total heat load in W. 

To produce N=6.913 ACH for the prototype room. Accordingly, other prototype related 

parameters were calculated. The kinematical similarity, between the prototype and model rooms, 

was achieved by equating the Reynolds number, resulting in: 

Um = 5 Up = 4.5 m/s 

Similarly, other model related parameters were calculated.  

The reduced scale model was made from an aluminum frame with 4mm thick sliding plastic walls 

and ceiling.  The ducting system were made from galvanized steel plates (gauge 24), with 

different dimensions. Two centrifugal fans (2825 rpm) were used; one to deliver the smoked air to 

the room and the other is for the exhaust. The supply and return air velocities were measured 

using digital anemometers (Model DA40). The smoke was traced out using Sony digital camera. 

Fig.3 shows the complete test rig with the model room mounted.  

4. RESULT AND DISCUSSIONS 

   The flow inside a room is affected by many parameters, mechanical and thermal. The amount of 

air flow, inlet temperature, supply velocity, location of opening, room geometry and the presence 

of obstacles are all important parameters. To add to the complexity, the buoyancy has many 

sources like computers, human, lights to name a few. Almost, all of the above parameters were 

considered in this work. Fig.4 pictures the air distribution through the prototyped room, the swirl 

is clearly visible. The numerical results come close to the experimental outcome as shown in Fig.5 

for the same case of one supply opening and one outlet opening. The swirl persists even near side 

walls as shown in Fig.6.The swirl becomes more pronounced with the two supply openings and 

one outlet opening all located on the same wall as shown in Fig.7. While Fig.8 shows that the 

pattern becomes more complicated for the three supply opening on the front wall and one outlet 

opening on the side wall. The flow pattern generated by air diffusers is simpler as can be seen 

from figures 9 and 10 for one and two diffusers respectively. When the ceiling contains an 

obstacle, stagnant zones will be generated behind them, also separation and reattachments of the 

air stream and the accompanying recirculation can be recognized. These flow patterns vary in 

strength depending on the proximity of these obstacles from the supply openings, as shown in 

figures 11, 12 and 13 for (1/4), (1/2) and (3/4) room length proximity respectively. Table 1 gives 

the summary of the variables under study. Table 2 shows the properties of air and other numerical 

parameters used in simulation model. 

 

5. VALIDITY OF CURRENT WORK 

The results of the air velocity and temperature distribution that’s obtained by using numerical 

solution method inside the room are validated with that obtained from experimental work. The 

comparison between the numerical and experimental work showed a good agreement, as shown in 

Fig.2. Also the numerical and experimental results obtained in current work are validated by 
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comparing with similar experimental and numerical work Shuzo, 1989 and the comparison also 

showed a good agreement, as shown in Fig.2. 

6. CONCLUSIONS 

    When inlets discharge horizontally near the ceiling, the warmest air in the room mixed 

immediately with cool air. Ceiling diffusers that designed for vertical downward air projection 

produce stagnant regions near the ceiling. When the supply jet encounters ceiling obstacles, it 

either completely separates from the ceiling or it may reattach downstream the obstacle. 

 

Table1. Summary of variables that are studied in the present work. 

 

 

 

 

 

 

           

            

 

 

 

  

Parameter variation 

Supply velocity 0.6 , 0.9 , 1.5   (m/s) 

Flow type Turbulent with all function 

Room dimensions 453  (m) 

Inlet air velocity profile Uniform for all cases 

Grid resolution Uniform 405030 
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Table2. Fluid properties in simulation model. 
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 Numerical simulation ,Shuzo, 1989.                                                Experimental work, Shuzo, 1989. 

Figure 2. Validity of current work. 
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Figure3. Complete test rig with the model room mounted. 

 

 

 

 

 

 

 

 

 

 

Figure4. Air distribution through the prototyped room. 
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Figure 5. Velocity distribution in a room with single supply and single extract opening. 

  

Figure 6. Velocity distribution in a room with single supply and single extract opening.  
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Figure7. Velocity (m/sec)  distribution in a room with two supply and single extract opening.  

 

 

Figure 8. Velocity ( m/sec) distribution in a room with three supply and single extract opening.  
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Figure 9. Pattern generated by single diffuser.          Figure10. Pattern generated by two diffusers. 

 

 

 

 

Figure11. Velocity distribution with velocity (U supply= 0.9 m/s) and constant supply 

temperature of (T=17 C ) with ceiling obstacle at (1/4) of the room length.  
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Figure 12. Velocity distribution with velocity (U supply=0.9 m/s) and constant supply 

temperature of (T=17 C ) with ceiling obstacle at (1/2) of the room length. 

 

 

Figure 13. Velocity distribution with velocity (U supply=0.9 m/s) and constant supply 

temperature of (T=17 C ) with ceiling obstacle at (3/4) of the room length. 
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NOMENCLATURE 

 

Symbols Definition Unit 

a Coefficient value dimensionless 

outin AA , Inlet and outlet cross- section  area 
2m 

zyx ggg ,, Gravitational acceleration 
2/ sm 

H Room height m 

J Flux due to both diffusion and convection dimensionless 

k Thermal conductivity KmW ./ 

k Turbulent kinetic energy 22 / sm 

ink Turbulent energy at room inlet 
22 / sm 

kjik ,, Turbulent energy at cell 
22 / sm 

p Pressure 2/ mN 

Pe Peclet number dimensionless 

Re Reynolds number dimensionless 

T Reference temperature K 

T Temperature K 

T  Fluctuation temperature K 

kjiT ,, Temperature at cell center K 

WVU ,, Velocity components in x ,y and z-direction sm / 

jetU Inlet velocity sm / 

nU Normal velocity sm / 

 Dynamic viscosity smkg ./ 

 Diffusivity sm /2 

 Volumetric expansion coefficient K/1 
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 Turbulent energy dissipation 32 / sm 

 Generic scalar quantity dimensionless 

 Density 
3/ mkg 

e Effective viscosity coefficient smkg ./ 

t Turbulent viscosity smkg ./ 

 Kinematics viscosity sm /2 

e Effective kinematics viscosity sm /2 

t Turbulent viscosity sm /2 

 ,k Constants for   k   model dimensionless 

zyx  ,, Cell dimensions m 

 Diffusion coefficient dimensionless 

t Turbulent diffusion coefficient dimensionless 

te  , Coefficients of effective viscosity and turbulent viscosity smkg ./ 
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ABSTRACT 

 Determining the aerodynamic characteristics of iced airfoil is an important 

step in aircraft design. The goal of this work is to study experimentally and 

numerically an iced airfoil to assess the aerodynamic penalties associated with 

presence of ice on the airfoil surface. Three iced shapes were tested on NACA 0012 

straight wing at zero and non-zero angles of attack, at Reynolds No. equal to 

(3.36*10
5
). The 2-D steady state continuity and momentum equations have been 

solved utilizing finite volume method to analyze the turbulent flow over a clean and 

iced airfoil. The results show that the ice shapes affected the aerodynamic 

characteristics due to the change in airfoil shape. The experimental results show that 

the horn iced airfoil consumes more power than the other shapes of ice, its value was 

(44.4W). The horn iced shape has the worst effect on the airfoil than the other shapes. 

The present results are compared with previously reported results; it is found there is a 

very good agreement between them. A comparison between the experimental and 

computational results of the presented work were pursing the same behavior. 

 

Keywords : Iced airfoil, computational fluid dynamics, turbulence model, drag, lift, 

aerodynamic. 

 

 التحليل التجريبي والعذدي لجريان لاانضغاطي حول مطيار مثلج
 ماعيل عموري                       ايثار سعذ أحمذكريمة أس.د. أ

 

 الخلاصة
إن تحديد الخصائص الديناميكية الهوائيه لمطيار متكون عليه جليد هو خطوة هامة في تصميم الطائرات. الهدف  

المرتبط بوجود ثلج على من هذا العمل هو بناء تجارب عملية وعددية لجنيح متجمد وذلك لتقييم الاداء الايروديناميكي 
حيث اختبرت عند زاويا هجوم  NACA 0012سطح الجنيح.تم اختيار ثلاثة اشكال لثلج متكون على  مطيار من نوع

حاله المستقرة لذات البعدين ل الزخم و الاستمرارية (. تم حل معادلات (105*3.36د رينولدزعدول صفرية غير صفرية
 ه.أظهرت النتائجوذلك لتحليل الجريان المضطرب حول جنيح بدون ومع وجود الثلج عليباستخدام طريقة الحجوم المحددة 

 إن اشكال الثلج المتولده على المطيار تؤثر  على الخصائص الايروديناميكية وذلك بسبب تغير الشكل الانسيابي للجنيح.
حيث كانت أعظم  ,لجعلى من بقية اشكال الثطاقة استهلك ي الجنيحعلى  الثلج بحافة حادةشكل  النتائج التجريبية بينت أن

الاسوء على الأجنحة من بقية الاشكال.قورنت  هأن الثلج ذو الحافة الحادة تأثير ايضا . أظهرت النتائجواط( 44.4طاقة )
نظرية، مع نتائج لبحوث سابقة وكانت متوافقة معها بصورة جيدة جدا. قورنت النتائج العملية مع النتائج ال النتائج الحالية

 حيث كانت تسلك نفس السلوك .
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1. INTRODUCTION 
 Decades of operational experiences have revealed many situations in flight as well as 

on the ground when ice can accrete on ‘‘ice-protected’’ aircraft. With the very large variety of 

forms and sizes in which ice can accrete on aircraft surfaces in real operational conditions, the 

challenge facing researchers and aircraft designers has been to establish an effective process 

for defining the accretion process and physical characteristics of these ice shapes for any 

aircraft surface at any flight or meteorological conditions, and to determine which are the 

most harmful iced shape. Typically, some flight testing in natural icing conditions is required 

as part of the aircraft certification process for new aircraft designs in order to demonstrate the 

effectiveness of ice protection systems as well as overall aircraft performance and handling 

characteristics. In the late 80᾽s of the previous century, several studies have been completed 

of ice accretions and resulting performance losses for airfoil profiles by National Air and 

Space Administration (NASA) Lewis research which led to many important works. Many 

researchers investigated iced airfoils over the years from different perspectives; the following 

paragraphs summarize their works. 

Bragg, 1986. studied the aerodynamics of a National Advisory Committee for 

Aeronautics (NACA) 0012 airfoil with a simulated glaze ice accretion and he found that there 

is a decreasing in lift and increasing in the drag. Bragg, 1994.studied experimentally the 

aerodynamics of a NACA 0012 of 30-degree swept and unswept semi-span wing with 

simulated glaze ice accretion on their leading edge. He found in the region of 2D flow that all 

small roughness produced by the presence of the dense mid-span tap row caused higher than 

expected (CD) results for the clean wing when the wake probe was placed directly behind the 

mid-span tap row. National technical information service (NTIS), 2000 reported an 

integrated experimental and computational investigation to determine the effect of simulated 

ridge ice shapes on airfoil aerodynamics. Mateescu, 2004.presented an efficient solution of 

steady and unsteady flows by solving the Euler and Navier-Stokes equations using finite 

difference and finite volume formulations. Mateescu and Abdo, 2005. studied analytically 

the velocity and pressure distributions on airfoils of arbitrary shapes, considering the rigorous 

boundary conditions. A second-order accurate method using velocity singularities in the 

expression of the fluid velocity is first developed for airfoils in inviscid incompressible flows, 

by simultaneously solving the symmetric and anti-symmetric flow components defined by 

coupled complex boundary conditions. Broeren, et.al, 2006.carried out the flow field 

measurements on the upper surface of a GLC-305 airfoil configured with glaze and rime ice-

shape simulations. The separation region for the glaze ice configuration was much larger than 

those for the rime ice case, resulting from the differences in the ice horn geometry. Changes 

in Reynolds number did not significantly affect the separation region characteristics. A larger 

Mach number resulted in a slightly larger separation region for the glaze ice case at α equal to 

6
o
. Hasoun, 2007. conducted to study the effect of simulated ice accreted on airfoil 

aerodynamics performance NACA 0012. 

Bragg, et.al, 2008.conducted a major research program to improve the understanding 

of the aerodynamic scaling of ice accretions on airfoil NACA 23012. 

Mirzaei,et.al,2008.presented the icing phenomenon on surface of NLF-0414 airfoil 

experimentally using single element hot-wire and also using CFD calculations to solve 

Navier-Stokes equations, with 22.5 minute ice accretions at Reynolds number of 0.5×10
6
. 

They concluded that Reynolds number variation did not affect seriously on the drag 

coefficient of iced airfoil. Gord, et.al, 2009. presented experimental and numerical analysis 

of incompressible flow around an airfoil NACA 0012.Numerical analysis combined vortex 

panel method techniques for solving potential flow around the airfoil and Von Karman 

boundary layer integral equation solver. Results show that this method has a good capability 

to predict velocity profile, pressure and drag coefficients over the surface. Bortholin and 

Catalano, 2012.analyzed two categories of icing accretions in NACA 0012 airfoil through 

the effects in the force as well as in pressure distribution via numerical simulations. 
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From above literature review, it can be seen that a rare of experimental investigations for iced 

symmetrical straight wings have been carried out for one ice shape (i.e. they didn’t compared 

the effect of different shapes with each other on the same airfoil). Most of the reviewed 

researches were investigated numerically especially that of the glaze iced because it is natural 

complicated throughout the accretions on the airfoil. As a result concluded that aerodynamics 

performance of the airfoil affected by ice amount, shape and its location, also Angel Of 

Attack (AOA) and the geometry of the wing play important part as well. In addition most of 

previous studies indicated that ice accretion decreasing lift and increasing drag when the 

AOA increased. 

 The main objective of the present work is to investigate the aerodynamic 

characteristics of the iced and clean symmetrical wing (NACA0012airfoil) numerically and 

experimentally at zero and non-zero angle of attack. The CFD analysis of airfoil NACA 

0012 is performed for a Reynolds number (3.36*10
5
) at  various angles of attack using a fully 

turbulent flow solution in ANSYS FLUENT software, where k-ε model and SIMPLE 

algorithm to solve the continuity and momentum equations of airflow over a 2D airfoil are 

adopted. Three shapes have been chosen as follow: 

a. Horn iced shape (case A II). 

b. Flat iced shape (case A III). 

c. Quarter round forward iced shape (case A IV). 

 

2. MATHEMATICAL MODEL ANDCOMPUTATIONAL METHODOLOGY 

 The two dimensional governing differential equations of external flow analysis in 

Cartesian coordinates with two equations for (k-ε) turbulence model 

Verestage&Malalasekera, 1995. can be written as: 

 Conservation of Mass 
  

  
  

  

  
 = 0                                                                                 … (1) 

 

where    υ are velocity components in x and y direction respectively. 

 

 Momentum Equations 
 

  
 (ρ  ) + 

 

  
 (ρ υ) =  

  

  
 + 

 

  
 (    

  

  
 ) + 

 

  
 (    

  

  
 ) + Su             (2) 

v-momentum (y-direction) 

 

  
 (ρυ ) + 

 

  
 (ρυυ) =  

  

  
 + 

 

  
 (    

  

  
 ) + 

 

  
 (    

  

  
 ) + Sv               (3) 

    is the effective viscosity coefficient which can be evaluated as: 

     =    +   …                                                                               (4) 

where                            , and μt is the turbulent eddy viscosity. Su, is a source term 

of   in x-direction, while Svis a source term of υ in y-direction. 

The k-ε turbulence model is the two-equation model of kinetic energy (k) and its 

dissipation rate (ε) Launder and Spalding1972. This model relates the turbulent viscosity to 

the local values of ρ, k and ε by the expression.  

 

   = ρ   
   ε                                                                                   (5) 

where   is an empirical constant. The distribution of k and ε over the flow field is calculated 

from the following semi-empirical transport equations for k and ε , Ideriah1975. 

(i) Turbulence Energy, k 
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(ii) Energy Dissipation Rate, ε 
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In the turbulence transport equations, Grepresents production of the kinetic energy 

from mean velocity gradients and σε, σkare the effective Prandtl number. 

G =    {2[ 
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  given by Ideriah1975.   
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where  G is source term of production of G. 

The boundary conditions at the airfoil shown in Fig. (1) are: 

 No slip boundary condition is applied on solid surface. 

 Uniform and constant free stream velocity. 

 The physical properties of air are constant. 

 It is assumed that the ice formation is stretched from the wing root to the tip with no 

spanwise variations. 

 The Computational Fluid Dynamics (CFD) is adopted in this work by utilizing a 

finite volume method. Fluent software is used to solve the governing differential equations for 

air flow over a clean and iced airfoil. FLUENT does not contain an integrated meshing 

capability and must therefore be used with GAMBIT or other mesh generation software. 

Model construction, assembly and meshing require a trial and error approach that many times 

needs multiple iterations before a good geometry and mesh can be developed. Fig. (2 a, b, c, 

and d) represents the unstructured grid generated for airfoil with and without ice in Gambit, 

Fluent Inc., 2009. 
 

3. EXPERIMENTAL WORK 
 The experimental investigation consisted of clean airfoil tests and ice shape castings 

(basically three shapes had been made) for aerodynamics testing. The aerodynamics 

characteristics investigation was made using a subsonic Low-Speed Wind Tunnel facility at 

the Mechanical engineering Dept.\ University of Baghdad. The wind tunnel used in the 

present work is a blowing type low speed, open circuit facility with solid walls and a 

maximum speed of 15.6 m\s. The general arrangement of this tunnel (experimental set up) is 

schematic in Fig (3, a, b). The test section is just downstream of the tunnel exit which its 

dimension is (450 mm high by 450 mm wide).The details of construction of the tunnel up to 

the test section are adopted from, Hussain 1989. 

 Aerodynamic considerations and facility size limitations determined the overall size 

of the wing model. Details of the symmetrical wing model and photograph for it are provided 

in Fig (4, a, b). The model is a symmetrical finite wing with a NACA 0012 two dimensional 

airfoil its coordinates are given in Table (1), airfoil section aligned in the streamwise 

direction. The airfoil section had manufactured from wood and had a maximum thickness to 

chord ratio of 0.12, the wing chord and span were 340 mm and 525 mm respectively. The  

model was instrumented with 16 pressure ports (suction and pressure side) distributed 

chordwise at one tap row spanwise locations corresponding to 50%, semispan which is 

aligned perpendicular to the stream direction and their coordinates are given in table (2), 
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Bragg1994. The capillary tubes that are collected from the wing side face connected the 

pressure taps to the manometers. 

 Icing tests were conducted to document ice shapes formed on two-dimensional 

airfoils and to study the effects of the accreted ice on aerodynamic performance. The ice 

conditions were selected primarily from the Federal Aviation Administration's Federal 

Aviation Regulations , Addy2000. To verify the aerodynamic performance measurements, 

molds were made of selected ice shapes (three shapes were chosen) , Addy2000.and FAA 

2000. Castings of the ice were made from wax and industrial clay because it is cheap and easy 

to form then horn ice shape and flat ice shape placed on the leading edge where the quarter 

round ice shape placed on the maximum thickness on the suction side of the symmetrical 

wing model in a dry low-speed wind tunnel, and precision aerodynamic performance 

measurements were taken. To illustrate how the castings look in general, Fig (5, a, b) shows 

the ice casting for the straight symmetrical airfoil.Pressure readings were obtained with a 

Pressure manometer System Inc. which by using the basic equation of pressure calculated to 

clean and iced airfoils at negative and positive angles of attack. 

 

4. RESULTS AND DISCUSSION 
 The CFD analysis of airfoil NACA 0012 was performed for dimensionless chord 

section and Reynolds number (3.63*10
5
) same as the experimental data at various angles of 

attack. To validate the adopted computational algorithm, the numerical results of this work 

are compared with previous work , Rajakumar and Ravindran2012. which analyze the flow 

over airfoil using the same boundary conditions. The maximum value of the percentage 

deviations obtained for lift and drag coefficient are (5.9%) at (17
o
) AOA and (7.5%) at AOA 

(2
o
). The coefficient of drag increases with the increase in angle of attack and it’s not linear. 

Also the error percentage between the published results and present work was less than 10% 

of error. 

 Fig (6, a, b) shows pressure coefficient behavior over the upper and lower surfaces of 

the airfoil NACA 0012, it’s obvious that there is a considerable decrease in pressure at the ice 

shape location on the upper surface because ice obstruct the streamline way and change the 

distribution of pressure over the airfoil. Also a reverse flow after ice location at the 35% of 

x/c on the upper surface of the airfoil NACA 0012 at angle of attack equal to (-12
o
). 

Fig (7, a) shows the variation of drag coefficient at different AOA for clean and iced 

symmetrical airfoil NACA 0012. The maximum drag reported for clean airfoil was (0.139) at 

angle of attack equal to (12
o
). The most dangerous case is the horn iced (case A-II) which had 

the maximum percentage value of drag increased by (60%), while Fig. (7, b) presented Cl 

behavior for the clean and iced airfoil NACA 0012 at different angles of attack. It can be 

observed that lift coefficient of horn iced airfoil at AOA (12
o
) is decreased by (38%). Fig. (7, 

c) shows numerical lift to drag coefficients ratio for clean and iced airfoil. The minimum 

value is equal to (3.6) at positive angle of attack. Numerical results of percentage reduction of 

lift coefficient and percentage increase of drag coefficient for iced cases at different angles of 

attack are given in Table3. 

The velocity distribution over clean and iced airfoil at angle of attack equal to (4
o
) is depicted 

in Fig. 8. No separation is indicated for case A-I (clean airfoil) and the maximum speed was 

(4 m/s) at the upper surface. For case (A-II) a reverse flow (bubble separation region) near ice 

location is indicated and the maximum speed at the upper surface was (4.3 m/s). This figure 

reveals two stagnation points for case A-IV one at the leading edge and the second at the 

quarter round iced shape. 

Fig. 9. represents the distribution of computational pressure coefficient over clean and iced 

airfoil NACA 0012 at angle of attack (8
o
). In case A-I the pressure on the lower surface of the 

airfoil was greater than that of the incoming flow. Also a back flow is reported at iced shapes 

location especially for horn iced case and quarter round forward iced shape case because of 

the shape of the ice and its location which considerably affect on the stream line of flow. 

 Four experimental cases are tested on symmetrical airfoil NACA 0012 with chord 

equal to 340 mm, these cases are: 
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 Case A-I: Symmetrical clean airfoil. 

 Case A-II: Horn iced symmetrical airfoil. 

 Case A-III: Flat iced symmetrical airfoil. 

 Case A-IV: Quarter round forward iced airfoil. 

The experimental results of lift and drag coefficient at different angles of attack for the four 

cases for NACA0012 airfoil are given in Table 4. The maximum Cl is (0.92) for clean case at 

AOA (12
o
). Horn iced airfoil produce the maximum drag at angle of attack equal to 

(12
o
).Fig.(10,a , b) shows a comparison between the experimental results for the four cases 

(clean, flat  iced, horn iced and quarter iced airfoil cases) at AOA (12
o
). Case A-IV and case 

A-II reported the highest change in Cp distribution over the upper and lower surface of the 

airfoil compared to clean airfoil and this is due to the shape of the ice and the high AOA, 

where the maximum value of Cp is 0.51 at L.E., where x/c is equal to (0) for all cases.Fig (11, 

a, b, c) depicted the experimental conductance of the lift, drag coefficients and lift/drag ratio 

of NACA 0012 at different angles of attack for four cases. It shows that horn iced cause the 

maximum drag and minimum lift at positive angles of attack which is complies with previous 

literatures. The experimental percentage reduction and increase of lift coefficient and drag 

coefficient at different AOA for the studied cases above are given in Table (5). 

Fig (12,a, b) represents the experimental power consumption due to drag force for clean and 

iced airfoil NACA 0012 at AOA (4
o
, 8

o
). The horn iced airfoil needs more power to avoid its 

effect than the other shapes of ice. It can be observed the maximum power is for horn iced 

airfoil, namely (44.4W) for NACA0012at AOA of (8
o
). It can be observed at AOA (-4

o
, -8

o
) 

that the maximum power were for horn iced airfoil as (126W) for NACA0012at (-8
o
) AOA. 

The power increases as the absolute value of negative AOA increase for each AOA.  

 A comparison between the numerical and experimental results of drag and lift 

coefficients are presented in Fig. (13, a, b) for clean airfoil (case A-I) at different angles of 

attack. It can be observed that experimental results had the same behavior of the numerical 

work with maximum deviation equal to (30%) and (10%) at AOA (12
o
) for drag coefficient 

and lift coefficient respectively. 

Fig (14, a, b) depicted a comparison between computational and experimental results of drag 

and lift coefficients for horn iced airfoil case NACA 0012 (case A-II) at different angles of 

attack. The drag coefficient Cd was almost identical at the negative angles but it mismatched 

at the positive angles it was less than the numerical results with maximum deviation equal to 

(35%) at angle of attack equal to (12
o
), while the lift coefficient Cl had almost the same 

behavior of the numerical results with maximum deviation equal to (29%) at AOA (-12
o
). 

 

5. CONCLUSIONS 
 Experimental and computational investigations of the aerodynamic characteristics of 

an iced airfoil NACA 0012 at zero and non-zero angles of attack has been carried in this 

work. According to the previous discussion the following conclusions can be deduced:  

 Experimental tests show that the presence of ice on airfoil increases drag by 60% and 

reduces lift by 45%. Horn iced airfoil consumes more power than the other shapes of 

ice. 

 The numerical results show that the lift coefficient is decreased by 38% and the drag 

coefficient is increased by 60% for horn iced NACA 0012 airfoil. 

 A steep pressure decrease is reported for iced airfoil with quarter round forward iced 

case at the location of ice (which was at the maximum thickness of the upper surface 

of the airfoil. 

 Drag coefficient increases much higher for horn iced case compared to other cases of 

iced  clean airfoil.  

 For negative angle of attack (0
o
, -4

o
) the pressure coefficient (Cp) at iced airfoil airfoil 

lower surface was less than that of the upper surface. 

 Prominent pressure spikes can be seen at the location of ice droplet on the airfoil 

surface. 
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Nomenclature 

Latin symbols Greek symbols 
AR Aspect Ratio α Angle of attack Deg. 

b Span length of wingm ∞ Mainstream conditions 

C1, C2, 

Cμ 

constants for (k-ε) model 

 
λ Taper ratio 

Cd Drag Coefficient ε Rate of dissipation of kinetic energy 

 m
2
/s

3 

Cl Lift coefficient µ Dynamic viscosity  N.s/m
2 

Cp Pressure coefficient [(P-

Pa)/0.5ρ  
 ] 

μl Laminar viscosity N.s/m
2
 

G Production of the kinetic energy 

from mean velocity gradients  
µt Turbulent viscosity  N.s/m

2 

k Kinetic energy of turbulence 

 m
2
/s

2 
µeff Effective kinematics viscosity N.s/m

2 

  ρ Density Kg/m3 

p PressurePa  σk, σε constants for (k-ε) model 

q∞ Reference pressure [0.5ρ  
 ]      

N/m
2 

Abbreviations 

Re Reynolds number  AOA  Angle Of Attack 

S Surface wing area m
2 

CFD Computational Fluid Dynamics 

SG 
Su  

Source term of production of the 

kinetic energy from mean velocity 

gradients 
Source term of u in x-direction, 

CV Control Volume 

2D Two-Dimensional 

  FAA Federal Aviation Administration 

Sv Source term of υ in y-direction FVM Finite Volume Method 

u ,v Velocity component in x, y 

respectively m/s 
IRT Icing Research Tunnel 

L.E Leading Edge 
V∞ Free stream velocity m/s NTIS National Technical Information 

Service 

x, y Cartesian coordinates SIMPLE Semi-Implicit Method for Pressure 

Linked Equation 

T.E Trailing Edge 
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Table 1. Symmetrical straight airfoil coordinates. 

No. x/c y/c No. x/c y/c No. x/c y/c 

1 1 0.00126 25 0.224552 0.058578 49 0.303487 -0.06001 

2 0.997987 0.001542 26 0.188255 0.056645 50 0.345492 -0.05958 

3 0.991965 0.002382 27 0.154469 0.053896 51 0.38874 -0.05843 

4 0.981981 0.00376 28 0.123464 0.050351 52 0.432883 -0.05665 

5 0.968117 0.005647 29 0.095492 0.046049 53 0.477568 -0.0543 

6 0.950484 0.008002 30 0.070776 0.041043 54 0.522432 -0.05147 

7 0.929224 0.010776 31 0.049516 0.0354 55 0.567117 -0.04824 

8 0.904508 0.013914 32 0.031883 0.029189 57 0.61126 -0.0447 

9 0.876536 0.017359 33 0.018019 0.022483 58 0.654508 -0.04092 

10 0.845531 0.021049 34 0.008035 0.015347 59 0.696513 -0.03698 

11 0.811745 0.024921 35 0.002013 0.007839 60 0.736934 -0.03295 

12 0.775448 0.02891 36 0 0 61 0.775448 -0.02891 

13 0.736934 0.032952 37 0.002013 -0.00784 62 0.811745 -0.02492 

14 0.696513 0.036978 38 0.008035 -0.01535 63 0.845531 -0.02105 

15 0.654508 0.040917 39 0.018019 -0.02248 64 0.876536 -0.01736 

16 0.61126 0.044698 40 0.031883 -0.02919 65 0.904508 -0.01391 

17 0.567117 0.048243 41 0.049516 -0.0354 67 0.929224 -0.01078 

18 0.522432 0.051471 42 0.070776 -0.04104 68 0.950484 -0.008 

19 0.477568 0.0543 43 0.095492 -0.04605 69 0.968117 -0.00565 

20 0.432883 0.056646 44 0.123464 -0.05035 70 0.981981 -0.00376 

21 0.38874 0.05843 45 0.154469 -0.0539 71 0.991965 -0.00238 

22 0.345492 0.059575 46 0.188255 -0.05665 72 0.997987 -0.00154 

23 0.303487 0.060014 47 0.224552 -0.05858 73 1 -0.00126 

24 0.263066 0.059695 48 0.263066 -0.0597    

 

Table 2. Pressure taps coordinates. 

No. X mm Y mm 

1 0 0 

2 10.37 9.7268 

3 19 12.6537 

4 36.7 16.3458 

5 71.7 19.6895 

6 105.19 20.375 

7 140 19.5463 

8 173.16 17.766 

9 206.6 15.2648 
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Table 3. Numerical precentage reduction and incease of lift and drag coefficients  

for NACA 0012. 

%
 r

ed
u

ct
io

n
 o

f 

li
ft

 c
o

ef
fi

ci
en

t 

Case A AOA 

4 8 12 -4 -8 -12 

II 5 20 20.565 1.47 6.35 6.56 

III 3 3.5 6.6 4.52 7.338 12.85 

IV 6.6 12 13.5 2.68 4.961 3.7 

%
 i

n
cr

ea
se

 

o
f 

d
ra

g
 

co
ef

fi
ci

en
t II 34.7 38.67 68 40.8 63 75.48 

III 9 15.4 26.1 17.78 22.98 28.9 

IV 6 7.37 38.2 11.66 28.11 39.6 

 

Table 4. Experimental lift and drag coefficients for NACA 0012 airfoil. 

L
if

t 
co

ef
fi

ci
en

t 

Case A AOA 

0 4 8 12 -4 -8 -12 

I 0.017 0.29 0.614 0.92 -0.459 -0.74 -0.9 

II 0.001 0.259 0.537 0.769 -0.194 -0.597 -0.85 

III 0.011 0.27 0.61 0.89 -0.39 -0.71 -0.87 

IV 0.011 0.26 0.59 0.875 -0.35 -0.72 -0.885 

D
ra

g
 

co
ef

fi
ci

en
t I 0 0.019 0.045 0.085 0.051 0.083 0.125 

II 0 0.03 0.056 0.087 0.075 0.159 0.263 

III 0 0.022 0.049 0.074 0.069 0.135 0.185 

IV 0 0.02 0.046 0.085 0.04 0.135 0.235 

 

Table 5. Experimental precentage reduction and incease of lift and drag coefficients. 

%
 R

ed
u

ct
io

n
 

o
f 

li
ft

 

co
ef

fi
ci

en
t 

Case A AOA 

4 8 12 -4 -8 -12 

II 11.6 12.5 16.2 57.79 19.31 5.55 
III 2.54 2.39 3.1 15.18 4.05 3.3 
IV 3.57 4 4.7 23.87 2.7 1.66 

%
 I

n
cr

ea
se

 

o
f 

d
ra

g
 

co
ef

fi
ci

en
t 

II 16.35 15.6 23.27 45.13 48.1 52.18 

III 3.97 4.7 4.84 33.87 58.5 47.17 

IV 5.75 2.75 20.4 22.39 58.5 86.95 
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Figure 1. Airfoil profile with and 

without ice. 

 
Figure 2. Mesh for airflows over 

airfoil NACA 4410. a) clean airfoil, b) 

horn iced airfoil, c) flat iced airfoil, d) 

quarter round forward iced airfoil. 

Figure 3. Subsonic wind tunnel at Mechanical Engr. Dept.
 

clean 

horn iced shape  

flat iced shape  

quarter round 

forward icedshape 
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Figure 4. The symmetrical wing model, (a) Designed section and pressure taps 

arrangement(all dimensions in mm), (b) Photographs of the straight wing side and top 

view. 

 

 

 

 

Symmetrical straight 

wingNACA 0012 

Capillary tubes 

Wind tunnel 

test section 

Upper pressure 

taps row 
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(a)

 

(b) Figure 5. The ice casting for the straight symmetrical airfoil, (a) Typical iced 

shapes, (b) photographs for three iced shapes. 

Horn iced shape 

Flat iced shape 

Quarter round forward iced shape 
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(a)

 

 (b) 

Figure 6. Pressure coefficient distribution of quarter round forward iced 

airfoil NACA 0012 at, (a) AOA (0
◦
, 12

◦
), (b) AOA (0

◦
, -12

◦
). 
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(a) 

 

 
 

(b) 

 

 
 

(c) 

Figure 7. Numerical results for NACA 0012 at different AOA, (a) Cl, (b) Cd, (c) 

Cl/Cd. 
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Figure 8. Velocity distribution for clean and iced airfoil at angle of attack (4
◦
). 

 

 
Figure 9. Pressure coefficient distribution over clean and iced airfoil NACA 0012 at 

angle of attack (8
o
). 
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(a) 

(b) 

Figure 10. Pressure distribution of symmetrical airfoil  NACA 0012 with chord equal 

to (340 mm) at AOA (12
o
) for different experimental cases, (a) upper surface, (b) 

lower surface. 
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(a)

 

(b)

 

(c) 

Figure 11. Experimental results for NACA 0012 at different AOA, (a) Cl, (b) Cd, (c) 

Cl/Cd. 
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Figure 12. Power consumption due to drag force for clean and iced airfoil NACA 

0012 

At (a) AOA (4
◦
, 8

◦
), (b) AOA (-4

◦
, 8

◦
). 

 

 
(a) 

 
(b) 

Figure 13. Comparison between the numerical and experimental results for clean case 

NACA0012 at different angles of attack, (a) Drag coefficient, (b) Lift coefficient. 
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                           (a) 

 
 

(b) 

 

Figure 14. A comparison between the numerical and experimental results for horn iced 

airfoil case NACA0012 at different angles of attack, (a) Drag coefficient, (b) Lift 

coefficient. 
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ABSTRACT 

  Desulfurization of a simulated diesel fuel by different adsorbents was studied in a fixed-

bed adsorption process operated at ambient temperature and pressure. Three different 

adsorption beds were used, commercial activated carbon, Cu-Y zeolite, and layered bed of 

15wt% activated carbon followed by Cu-Y zeolite.Initially Y-zeolite was prepared from Iraqi 

rice husk and then impregnated with copper. 

In general, the adsorbents tested for total sulfur adsorption capacity at break through followed 

the order Ac/Cu-Y zeolite>Cu-Y zeolite>Ac. The best adsorbent, Ac/Cu-Y zeolite is capable of 

producing more than 30 cm
3
 of simulated diesel fuel per gram of adsorbent with a weighted 

average content of 5 ppm-S, while Cu-Y zeolite producing of about 20 cm
3
 of   diesel fuel per 

gram of adsorbent with a weighted average content of 2ppm-S. Activated carbon breaks 

through almost immediately. 

Key words: Desulfurization of diesel fuel, desulfurization by adsorption, guard bed adsorption, 

Y- zeolite from rice husk 

-Cuللمركباث الكبريتيه مه وقىد الذيسل باستخذام عمىد امتساز مكىن مه كاربىن مىشط و ازالت كبيرة 

Y zeolite  محضر محليا 

 عبذ الرضا سهيلت                                رشيذ                       عبذ الرزاق سرمذ                                             هادٌ مصطفً وذي

 يذرش يساعذ                                                                  يذرش يساعذ                                                               يذرش 

 كهيت انُٓذست/جايعت بغذاد                     كهيت انُٓذست/جايعت بغذاد                                                 جايعت بغذاد/ كهيت ُْذست انخٕارزيي

 

 الخلاصت

يٍ   يٍ ٔقٕد انذيسل باسخخذاو انعًٕد انثابج نعًهيّ الايخساز ححج ظرٔف اعخياديّ تحًج دراست ازانّ انًركباث انكبريخي

 (Ac)انكاربٌٕ انًُشط ْٔي   درجّ حرارِ ٔضغط. حًج انعًهيّ باسخخذاو ثلاثّ إَاع يٍ الاعًذة انًحشٕة بانًٕاد انًًخسة

كاربٌٕ يُشط ٔانُحاش انًحًم عهى  ٔزَا %11ٔعًٕد يسدٔج يٍ  Cu-Y zeolite  ٔانُحاش انًحًم عهى انسيٕلاث

يٍ قشٕر انرز انعراقي. اظٓرث انذراسّ اٌ سعت الايخساز نهًٕاد انًًخسة كاَج عهى  Yانسيٕلايج حى ححضير انسيٕلايج 

يٍ اَخاج اكثر  Ac/Cu-Y zeolite ,حيث اسخطاع انعًٕد الافضم   Ac/Cu-Y zeolite>Cu-Y zeolite>Acانخرحيب

يٍ ٔقٕد انذيسل انخاني يٍ انًركباث انكبريخيّ نكم غراو يٍ انًادة انًًخسة ٔبًعذل ٔزَي نهًركباث سى يكعب  30  يٍ 

نذيسل انخاني يٍ انًركباث انكبريخيت يٍ ٔقٕد ا  Cu-Y zeoliteيهغى/نخر. بيًُا كاٌ اَخاج انًادة انًًخسة  1انكبريخيت بحذٔد 
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يهغى/نخر.بيًُا نى يخًكٍ انعًٕد  2نكم غراو يٍ انًادة انًًخسة ٔبًعذل ٔزَي نهًركباث انكبريخيت بحذٔد  سى يكعب 20بحذٔد 

 تنذيسل خاني يٍ انًركباث انكبريخيانًحشٕ بانكاربٌٕ انًُشط يٍ اَخاج ٔقٕد ا

 

  INTRODUCTION 

Ultra deep removal of sulfur from transportation fuels has become more and more 

important in research and development worldwide, not only because of the heightened interest 

for cleaner air and environmental protection but also due to the great need for making ultralow-

sulfur fuels for use in fuel cells. Fuel cells are attractive for electric power generation because 

significantly higher efficiencies can be achieved in a more environmentally friendly way than 

in combustion engines for the automotive fuel cells and the portable fuel cells, liquid 

hydrocarbon fuels are candidate fuels due to their higher energy density and safety for 

transportation and storage ,Song, 2003, Babich, 2003. This is why governments all over the 

world are implementing more stringent regulations and fuel specifications. The EU legislation 

set the upper limit of sulfur content in diesel fuel as well as gasoline fuels for 2009 to 10 

mg/kg. The US Environmental Protection Agency (EPA) since 2006 reduced the limit for 

sulfur content of diesel to 15 mg/kg and gasoline fuel to 30 mg/kg Jiang, et.al, 2006,and  Ma. 

X., et.al, Sun2002.  

Industrially, the elimination of sulfur is carried out through the process called hydro 

desulfurization (HDS). This process uses Ni-MolAl2O3 and Co-Mo/Al2O3 catalysts. The 

disadvantages of this process are (i) the catalytic processes operated at elevated temperatures 

(320-380)ᵒC and elevated pressures 3-7 Mpa and (ii) HDS process is highly efficient for the 

removal of sulfur compounds such as thiols, sulfides and thiophenes, but less effective for 

removing refractory sulfur compounds: benzothiophene (BT), Dibenzothiophene (DBT), and 

their alkyl derivatives . These molecules are common in diesel fuels. The methyl groups in 

these species create a steric effect that hinders the capacity of HDS catalyst to chemisorb the 

sulfur atoms,Baeza, et.al 2008. 

Adsorption is a viable option for motor fuel desulfurization and the idea behind this 

approach is to selectively separate less than 1wt% of fuel mass using selective adsorption for 

removing sulfur and leave the 99wt% of non-sulfur containing fuel mass untouched, besides to 

adsorption can be accomplished at low temperature and pressure (ambient conditions) Ma, X., 

et.al, 2002,and  Jiang, et.al, 2005. Recently, many attempts have been made to develop 

adsorbents for desulfurization of liquid hydrocarbon fuels C.S.Song, 

2003,M.Breysse,et.al,2003, C.Song, et.al, 2003, and  P.T.Vasudevan, et.al, 1996.The 

reported adsorbents include the reduced metalsG.W.Bailey, et.al, 1987, L.J.Bonvillr, 

et.al,2000, R.R.Lesieur, et.al, 2002, X.Ma, et.al, 2002, T.Fukunaga, et.al, 2003, X.Ma, 

et.al,2005, and X.Ma,M. et.al, 2005, metal oxides B.S.Turk, et.al.2001,S.Watanabe,et.al. 

2004], metal sulfides [X.Ma.et.al., 2003], zeolite-based materials [R.T.Yang , et.al., 2003, 

A.J.Hernandez-M, et.al., 2003, S.Velu, et.al., 2003, and A.J.Hernandez, 2004 and carbon 

materials, S.Haji, et.al., 2003,Y.Sano, et.al.,2004 and ,A,Zhou, et.al. 2004]. 

Activated carbons and zeolites have been widely used as adsorbents in the separation and 

purification processes for gaseous or aqueous solution systems. Activated carbons have high 

adsorption capacity towards some organic and inorganic compounds due to large specific 

surface area, high adsorbate-adsorbent physical and chemical attraction and balanced macro-, 
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meso- and micro-porosity while at the same time the steric hindrance of particle diffusion is 

minimized with regard to the size of the molecules being adsorbed. Zeolite can be successfully 

used for the selective adsorption of polar or polarization molecules such as water and CO2 and 

sulfur-containing molecules from some petroleum fractions. These adsorbents are hydrophilic 

and contain large void fraction. Synthetic zeolites have a well-defined crystalline lattice of 

metal alumina silicates which contains uniform pore size Bagreev, et.al. 2004, and Johns, 

et.al. 1999]. 

There are several published reports investigating the use of activated carbons and zeolite for 

sulfur removal from hydrocarbon liquids , Bakr, et.al. 1997, Lee, et.al. 2002, Sano, et.al, 

2005, and Kim, et.al. 2006. 

In this study the ability of preparing Cu(I)-Y-zeolite by using Iraqi rice husk as agricultural 

residues to prepare Na-Y—zeolite adsorbents then activated it by copper using ion-exchange 

process and finally reduce Cu
+2

 species to Cu
+
  which is desired for π -complexation. 

Also, adsorptive desulfurization of a model diesel fuel, which contained the same molar 

concentration of the species examined, including sulfur compounds, over three beds, 

commercial AC, Cu (I)-Y-zeolite prepared from rice husk and AC/Cu (I)-Y-zeolite as a guard 

bed were conducted in a fixed bed system to evaluate the performance of the prepared 

adsorbent. 

1. MATERIALS AND METHODS 

1.1 Preparation of Rice Husk Ash 

Rice Husk (RH) is a forming waste, obtained from the rice mills, it needs some treatments 

to convert it to rice husk ash. It was treated with 10% sulfuric acid for 24 h for preliminary 

removing all impurities. Then washed, filtered, dried in air, and calcined at 750ᵒC for 6 h. The 

calcined rice husk subjected for dissolution with 4M sodium hydroxide followed by refluxing 

at 90ᵒC for 12 h. Concentrated hydrochloric acid was then added to the a forementioned  base 

dissolved for complete precipitation, then filtered, washed  and dried in an oven at 120ᵒC for 6 

h. The chemical composition of rice husk ash is showed in Table 1. 

2.2 Synthesis of Y-zeolite 

Type Y-zeolite was synthesized using Iraq rice husk as a silica source. A 500 ml Teflon 

beaker containing a magnetic stirrer was washed with deionized water. Sodium hydroxide of 

1.6616 g was added slowly to deionized water and stir until clear and homogenous solution 

appeared for about 5 minutes. The aqueous solution of sodium hydroxide was ready for the 

preparation of seed. The gel was prepared according to the following molar chemical 

composition:    

              10.67 :1  

2-milliliter aqueous solution of sodium hydroxide was added to 0.7515g sodium aluminate 

oxide until a homogenous mixture was formed; Iraq rice husk 1.5361g was added separately to 

5.5ml sodium hydroxide aqueous until homogenously mixed. Both of preparations were heated 

under vigorous stirring to obtain a homogenous mixture. The sample was aged for 24 h at room 

temperature in the Teflon bottle. The aluminate and silicate solutions were mixed together in 

the polypropylene beaker, subsequently stirred for 2 h with the purpose of making it completely 

homogenized. This combined solution was used as the feed stock gel M.M.Rahman, et.al., 
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2009, Mohammed.N, and Wadood, T.M. 2011.,The flow chart of the process is shown in  

Fig. 1. 

2.3 Adsorbent Preparation 

Cu(I)-Y zeolite (i.e. reduced Cu(II)-Y zeolite ) was prepared by first ion exchanging Na-Y 

zeolite with a Cu(NO3)2 aqueous solution of 0.5 M for 48 hours followed by reduction of Cu
+2

 

to Cu
+
. The amount of copper (Cu) in the ion exchange solution was equivalent to a 10-fold 

cation exchange capacity. The adsorbent was recovered by filtration and washed with large 

amount of deionized water, followed by drying at 100ᵒC for about 24 h. Activation of the 

adsorbent was performed at 450ᵒC to promote auto reduction of Cu
+2

  to Cu
+
  , which is desired 

for π -complexation. A more detailed discussion on the Cu (I)-Y zeolite autoreduction process 

can be found elsewhere ,Johns, 1999, M., .Rahman, 2009, Iwamoto,  et.al. 1991,Parrillo, 

et.al., 1993,Larsen, et.al., 1994,Takahashi, et.al.,  2001, Takahashi, et.al.,  2002, and 

Hernandez, et.al., 2003. 

2.4 Commercial Activated Carbon (AC) 

Table 2 shows the physical properties of the commerical activated carbon . 

2.5 Simulated Diesel Fuel 

The detailed composition of the model fuel is listed in Table 3. The diesel was type 

―simulate Diesel - 40‖ according to British Petroleum BP`s specifactions. The average  total 

sulfur concentration for the diesel was reported to be Benzothiophene (BT) and 

Dibenzothiophene (DBT) standards were purchased from sigma-Aldrich. 

2.6 Fixed-Bed Adsorption/ Breakthrough   

All adsorption/breakthrough experiments  were perfermed in vertical column made quartz 

adsorbers equipped with a supporting glass fits. The setup consisted of a low-flow liquid pump, 

two pyrex feed tanks, and a heating element. Initially, the adsorbents were loaded inside the 

adsorber, and heated in situ at desired temperature. Both Cu-Yzeolite and activated carbon 

adsorbents were activated at about 300ᵒC. After activation treatment, both the adsorbents under 

study were allowed to cool down to room temperture. Next, a sulfur-free hydrocarbone was 

allowed to flow through the sorbent. After wetting the adsorbent for about 10 min, the feed was 

switched to the simulated one to flow. Effluent samples were collected at regular intervals until 

saturation was achieved, which depended on the adsorption dynamics and the amount of 

adsorbent. 

2.7 Total Sulfur Analysis 

The total sulfur concentration in the simulated diesel fuel and desulfurized diesel fuel were 

detrmined using an Antek 9000s total sulfur analyzer. The instrument was calibrated to at least 

four different sulfur concentation rangs using standard samples, and linear calibration curves 

were obtained for each calibration range. The sulfur detection limit of the total sulfur analyzer 

in the normal working range is 0.5 ppmw sulfur. 

 

3.RESULTS AND DISCUSSION 

3.1 Adsorbent Characterization 

The concentrations of Na and Al were determined based on comparison with two replicates 

of the standard reference material NIST1633A; the determination of Cu content was 
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determined relative to high-purity copper wire. As seen in the Table 4 below, ion-exchanging 

Na-Y with Cu
++

 resulted in incomplete ion exchange. If it is assumed that one Cu
++

 cation 

compensates for two aluminium tetrahedra, then, for our experiment the ion exchange resulted 

in only 78% substitution of the original sodium ions, the others were compensating for 

aluminum tetrahedra. This is the simplest way to describe these zeolites. 

 

3.2 Adsorption Equilibrium Analysis 

Equilibrium adsorption data collected in this work is presented in Fig. 2 , where it can be 

seen that saturation loading of the three tested adsorbents AC, Cu-Yzeolite, and AC-Cu Y 

zeolite were (0.28, 0.35, 0.39) mg/g respectively. These result are inline with generally 

accepted notions that adsorption process on activated carbon is in  most cases of physical 

nature, when chemical bond is not formed. However adsorption on zeolite is supposed to be 

mainly chemisorption. Higher adsorption capacities that were obtained indicate the ability to 

form mild chemical bonds with organic sulfur compounds. 

The idea of using a guard bed is to extend the capacity of Cu-Y zeolite for smaller S-

compound because activated carbon adsorbs both aromatic and thiophenic compounds by 

vander waals and electrostatic interactions. Thus larger molecules were preferentially adsorbed 

by carbon, with no selectivity for thiophenic molecules Takahashi, et.al., 2002,and 

Hernandez, et.al., 2003. 

3.3 Fixed-Bed Adsorption. 

3.3.1 Adsorption on activated carbon bed  

Fig.3 illustrated that total sulfur content during experiments with activated carbon breaks 

through almost immediately. This is expected with AC because activated carbon adsorbs both 

thiophenic and aromatic compounds by vander waals and electrostatic interaction with no 

selectivity for thiophenic molecules. Thus larger molecules with higher polarizabilities were 

preferentially adsorbed by activated carbon. These result are in agreement with the others 

,Takahashi,  et.al., 2002, and Hernandez, et.al., 2003b. 

 

3.3.2 Adsorption on  Cu Y-zeolite bed 
As seen in Fig.4, Cu-Y zeolite alone is capable of processing 20 Cm

3
 of simulated diesel 

fuel per grams of adsorbent to be sulfur free. Among the many thiophenic compounds present 

in diesel fuel, only two were selected for the experiments:benzothiophene(BT) and 

dibenzothiophene (DBT). The last one molecules are the most difficult to remove in 

desulfrization treatment processes for transportation fuels. The order of breakthrough followed 

that of molecular weights , Arturo, 2004. For Cu-Y zeolite, the long delay of the breakyhrough 

of these thiophenic compounds was a direct result of π –complication and followed that of 

molecular weights. It also indicated some degree of diffusion limitation in zeolite. 

 

3.3.3 Adsorption on guard Bed of Cu-Yzeolite and AC 

The idea of using a guard bed of AC/Cu-Yzeolite is that to presorb not only aromatics, but 

also the largest sulfur-containing compounds, thus extending the capacity of Cu Yzeolite for 

smaller sulfur compounds. 

Two guarded bed was used(i.e 5and 15 wt% of AC of the total bed weight). The results 

shown in Fig. 5 indicated that the combination of activated carbon and Cu-Y zeolite as layers 
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had high selectivities for these large molecules, and, hence, prevented them from entering the 

Cu-Yzeolite bed. Without these layers of AC/Cu-Yzeolite, these largest molecules would have 

entered the mainbed of Cu-Yzeolite and subsequently occupied the adsorption site as well as 

partially blocking the pores of the zeolite. Thus ,the quard bed not only delayed the 

breakthrough of the sulfur compounds, but also sharpend their wavefronts by eliminating pore 

blockge. 

As seen in Fig. 5, the combination of activate carbone (AC) and Cu-Yzeolite is by for the 

best adsorbent to produce sulfur free diesel fuel that content of equal or less than 1 ppm. The 

guard bed is capable of processing more than 30  of simulated diesel fuel per gram of 

adsorbent. 

Comparison between the two guard beds results (i.e 5 and 15 wt% of activated carbon) 

showed that there are a number of larger molecules than others. The best bed depends on the 

exited a significant number of larger aromatic, nonthiophenic compounds. In fact , the 

commerical diesel typically contains over 150 different compounds. For the present study, 

15wt% of AC gives the best results for the simulated diesel fuel metioned previously. 

4. CONCLUSION 

Results have demonstrated that Y-zeolite prepared from Iraqi rice husk and impregnated 

with copper gives good results for the removal of sulfur compounds from simulated diesel fuel, 

based on dynamic fixed-bed adsorption experiment.  

When Cu Y-zeolite adsorbent used with activated carbon as a quard bed, Cu-Y zeolite 

provides by for the best adsorption capacities both at breakthrough point and at saturation. 

In general, the adsorbents tested followed the following order for sulfur removal: 

 AC/Cu-Y zeolite > Cu-Y zeolite > AC. 
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NOMENCLATURE   

C = sulfur conc. in effluent 

Ce = sulfur conc. At equilbrium  

Co = initial conc. of sulfur in feed 

q = a mount of ions per gram of adsorbtion 
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ABBRAVIATION 

AC = Activated Carbon 

BT = Benzothiophene 

BP = British Petroleum 

DBT = Dibenzothiophene  

EU = European 

HDS = Hydrodesulfurization 

RH = Rice Husk  

US: United State 
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 Figure 1. Flow chart of the synthesis of type Y-Zeolite catalyst using Iraqi 

rice. husk 
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Figure 2. Adsorption Equilibrium Analysis. 
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Figure 3. Breakthrough curve of sulfur compounds in a fixed bed adsorber of actived carbon 

adsorbent. 
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Figure 4. Breakthrough curve of sulfur compounds in a fixed bed adsorber of CuY-zeolit 

adsorbent. 

 

Figure 5. Breakthrough curve of sulfur compounds in a fixed bed adsorber of AC/CuY-zeolit 

adsorbent. 
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Table 1. The chemical composition of rice husk ash. 

 

 

 

 

 

 

 

 

 

Table 2. physical properties of AC. 

Particle size (mm) 0.006-0.080 

Bulk density 

(g/ ) 
0.35 

Surface area ( /g) 1100 

 

Table 3. Composition of the simulated diesel fuels (diesel 40). 

compounds composition 

n-Dodecane 80wt% 

Toluene 20wt% 

Benzothiophene (BT) 150ppm 

Dibenzothiophene (DBT) 148ppm 

 

Table 4. Composition Data for Na-Y zeolite  and Cu
+2

-Y zeolite. 

Adsorbent 
Molar ratios 

Si/Al Na/Al 2Cu/Al 

Na-Y 2.65 0.92 ---- 

-Y 2.65 0.22 0.78 

 

 

 

 Wt.% 

Si  94.5 

 2.23 

 0.16 

 0.115 

CaO 0.51 

MgO 0.25 

 0.49 

 0.63 

 0.32 

LOI 0.73 
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ABSTRACT 

This paper deals with an up to date problem for oil and gas industry- separation of the 

gas -fluid fogs. Here is described the worked out physical model of the gas movement process in 

the sections of the inertial filtering (IF) gas separators. One can find the mathematical model for 

research of the fields of velocities and pressures in the inertial curvilinear channel. The main 

simplifications and assumptions are explained. This mathematical model has been made using 

mathematical program Maple and it is received the 3-d graphic of the distribution componential 

speed parts in the channel and also 2-d graphics at the channel sectional view when the flow is 

flat. The new method for gas - fluid systems separation is suggested.  
 

Keywords: separation; modeling; velocity; gas; liquid; curvilinear channel; filter. 

 

 

انشاء نمورج نتذفق انغاص فً قناة منحنٍة الاضلاع نعواصل غاصٌة تعمم بانقصوس 

 انزاتً مع انفلاتش
 .,بشوف.فسٍفونود اٌفانوفٍج سكلابٍنسكً., مساعذ بشوف.انكسنذس انكسانذسٌفٍج لابوشٍنكو

 محاضش.انذسي فلادٌمٍش نوغٍفن.,طانب انذكتوساه.مصطفى مكً محمذ عهً .

 

 قسى انؼًهياث وانًؼذاث نهًصافي انُفطيت وانبخشوكيًيائيت                                           

 كهيت انُظى انخقُيت وحكُونوجياث كفاءة انطاقت

 اوكشاَيا       -جايؼت سويي انحكوييت                                                        

 

 انخلاصة

انسائم أو يا يسًي )بانضباب أو بخاس – يشكهت يهحت نصُاػت انُفظ وانغاص وْي فصم سرار انغاص  يخُاول ْزا انبحث

ػواصل غاصيت حؼًم بًبذأ انقصوس انزاحي يغ انًششحاث ًَورج فيضيائي نحشكت وحذفق انغاص داخم  دساستانًاء(حيث حى 

داخم قُاة يُحُيت الاضلاع سشػت وانضغظ انيجالاث ًَورج سياضي نهبحث في ودساست .وبانخاني حى انؼًم ػهي ايجاد )انفلاحش(

 .ححج حاثيش قوى انقصوس انزاحي 

يٍ , Mapleحى وضغ ْزا انًُورج انشياضي ويؼانجخّ باسخخذاو بشَايج ال والافخشاضاث وحبسيظ ْزِ انًؼطياثشخيص خون

ي ثلاثي الابؼاد يوضح حوصيغ قيى انسشع ػهي طول اجضاء انقُاة ,وكزنك حى انحصول َحى انحصول ػهي يخطظ بيا انخي انُخائج

يخططاث ثُائيت الابؼاد حوضح يقاطغ ػشضيت نهقُاة ػُذيا يكوٌ انجشياٌ سطحي , بالاضافت اني يقخشحاث جذيذة لاَظًت  ػهي
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1. INTRODUCTION 
 Air dispersion systems which consist of solid and liquid particles weighted in the gas form play 

quite an important role in the nature and in humans life. But the problem of air dispersion systems 

separation is even more up to date in the science and techniques, Poole, 2009. 

Many theoretical problems of air dispersion systems particles studying are of big mathematical 

hardships. It happens as a rule that their solution one finds using difficult mathematical formulas using 

which in practice needs immense calculating work. So in some of the cases it is reasonable to refuse from 

the exact solution and take the well known assumptions which make it much easier to get at least the 

rough idea about the examining phenomenon.  

 

2. KEY ASSUMPTIONS AND PHYSICAL MODEL: 
1. One finds out the hydrodynamic characteristics and separation elements constructive 

parameters making some simplifying assumptions which have the main features of the studying 

phenomenonin order to make practical calculations of the typical gas dynamical separation apparatus 

Stepanov et al., 1986. 

2. First of all one neglects gas condensability and viscosity, flow turbulence and examine the 

settled (average as to time) ideal (no viscose) constant density fluid free-vortex movement. But it is 

possible only when there is a low viscous gas flow in the good profiled channels when the speeds are 

subsonic. 

3. Then, the flow is considered to be 2-d which takes place in the layer which usually has 

variable thickness with the parameters depending only on two coordinates.,Sinayskiy et al., 2002. 

4. But the real gas flow in the channels of louver inertial filtering gas separator generally is 

spatial and unsteady and that is why it is impossible to make its complete theoretical analysis  

Barilovych, 2009; Lyaposchenko  et al., 2005; Lyaposchenko, 2006. Having such task considering 

limited demands to the gas parameters accuracy and approximate using model it is reasonable to apply 

quite simplified flow schemes and calculating formulas based on the further simplifying assumptions.,Al 

Rammahi et al., 2011; and Lyaposchenko, 2006. Solving such tasks it is enough to use equation 

indissolubility, vortex equation and impulse theory .,Barilovych, 2009; and Lyaposchenko, 2006. The 

stated above assumptions are of big help to make a qualitative modeling and to get rough results of 

calculating the gas flow in the IF gas separators louver boards. 

In the Fig.1, it is shown the calculating zone geometrical configuration in the form of curvilinear 

channels which are formed by the louver board plates of the IF gas separator: 

To analyze the physical model gas drop flow movement along the separation channel with 

filtering sections of the inertial filtering gas separator one should look through its separate pieces. Fig.2. 

- gas drop flow movement along the inertial section of the curvilinear gas separation channel;  

- penetration of the gas drop flow in the filtering section, dispersion particles ricochet  or  

splashes carrying out in the separation channel depending on the angle which faces the “attack” 

by the layer filter flow; 
- coalescence of the caught particles on the fibers in the filtering layer,  the formation and withdrawal of 

the caught liquid pellicle to the drainage channels  
Local gas flow speeds gradually rise after the rectilinear sections on the separation channel inlet 

on the transition from the curvilinear to linear (confusion) sections. After the rectilinear sections 

in the curvilinear section there is an inhibitory (diffusion) separation channel section with filtering 

sections which are situated on the inner surface of the crimping plates. In this section the dynamic force 

of the air decreases due to lower gas flow rate of fluid. This force pulls the dispersion particles in the gas 

stream, and it makes the particles inertial movement to the filter layer easier which makes separation 
effective. By the way pressure in the drainage channels of the double louver crimping plates rises and it 

makes the flowing and caught fluid withdrawal steady and filtering elements in the self-cleaning mode 

work effectively.  When stationary regime is achieved stability, separation effectiveness, the liquid 

quantity in the filtering layer and liquid flowing from the layer remain constant in time when the filtering 

speed is permanent. In such a case the migrating liquid quantity is equal to the liquid quantity which gets 

into the filter layer.  The boundary which divides separation channel inertial zones and filtering section is 
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a conditional wall (free stream boundary) where the gas flow speed is constant which corresponds to the 

permanent pressure in the filter layer and drainage channels. On the transition from curvilinear to the 

linear (confusion) sections beginning from the inhibitory points of the gas flow which comes upon the 

speeds gradually rise again. The special attention was necessary to pay to the separation channel 

curvilinear section profiling where the biggest pressure losses and resistance are connected with the flow 

separation. Separating flow limits the pressure speed gradient on the separation channel walls.   

5. The special attention was necessary to pay to the separation channel curvilinear section 

profiling where the biggest pressure losses and resistance connected with the flow separation. Separating 

flow limits the pressure speed gradient on the separation channel walls.  As to the theoretical and 

experimental data to get the continuous flow one should lower the gas speed no more that on the 25% on 

the wall length, which is equal to the separation channel width. Moreover as to the recommendations 

general speed reduction must not be more than three-times.  
 

3. MATHEMATICAL MODEL: 
The motion of viscous gas flow in a curvilinear channel is conveniently described by the Navier-

Stokes equations in cylindrical coordinates. Turbulent gas flow can be accounted for by replacing the 

kinematic viscosity () on the coefficient of turbulent viscosity (), that for the ax symmetric vortex 

flows can in some cases to obtain analytical solutions of the set of hydrodynamic problems. To close this 

system of Navier-Stokes equations complemented by the continuity equation of the fourth. The result is a 

system of four Eqs. (1)-(4) with four unknowns (the projection of the velocity of the gas flow on the 

three axes and the magnitude of the pressure): 
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To transform the system of equations, in order to get the form in which it was possible to find an 

analytical solution, we introduce a number of simplifying assumptions. 

Due to the fact that the basic movement of the gas flow occurs along a curved louver dripping, 

we assume that overflows the height of the louver channel in its magnitude is much less than the gas 
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velocities along the channel (Vz0). A change in other components of the velocity and pressure at an 

altitude of louver elements also occurs ( 0z   ). This allows you to exclude from the above system of 

differential equations of the third equation and of the remaining equations of the system to exclude all 

terms that contain the axial component of the total gas flow rate. In addition, we assume that due to the 

small width of the curved channel the pressure across the width of the channel is changed slightly, but the 

main change occurs along the channel 0P r   . That is to say. We obtain the following system of 

differential equations in partial derivatives. To simplify the recording is without the function of the radius 

and circumferential coordinates. 
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 In the Eqs (5) and( 7) consists of only two velocity components. These radial and circumferential 

velocity components of the gas stream. Set up a system of two Eqs (8) and (9) with two unknowns, which 

try to solve analytically. 
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Of the variety of possible solutions to choose the most appropriate solution. This solution, which 

is obtained in the field of real numbers 
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 To determine the changes in the law, for example, the radial component of the velocity of the gas 

flow is necessary to determine the integration constants C1, C2, and C3. This can be done from the 

condition not overflow gas through the surface, which are limited to the radii R1 and R2. In addition, we 
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assume that at some angular coordinate is the known value of the radial component of velocity equal to 

Vr1. 
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Graphically, the solution can be obtained in the form of a curved surface.  

 

4. THE INFLUENCE OF LOCAL VELOCITIES IN THE CHANNEL IF GAS 

SEPARTORS ON ITS GEOMETRY 
To reach the separation high effectiveness one needs to create high intensive hydro dynamical 

flows movement regimes in the gas separation apparatus. By experimental research of the created physical 

model of the separation channel with filtering sections inertial filtering gas separator  

(regimes2300≤Re≤100000 ) it is proved that in the transition regime the gas flow viscously  continuously 

flows around the lugs and hollows and almost exactly copies geometrical curvilinear separation channel 

configuration. Maximal speed is a feature of the gas flow core. Laminar layers near the channels walls 

especially in the hollow places have minimal gas movement speeds. At some of them reverse currents and 

vortex flows can occur. When the turbulent flow stream is high (Re10000) one can see the local gas flow 

speeds increase in two times in the lugs of the curvilinear channel walls (at =70
0
). These are the zones 

of potential pellicle dispersion of the caught liquid pellicle and secondary spray carrying out Fig.3. 

After observation and analysis of the gas flow local speeds distribution along the curvilinear 

separation channel one strictly determined the geometrical zones where it is reasonable to place the 

filtering elements in the separation channel hollows, closely to the louver walls, local speeds here are 

minimal, but on the other hand they are limited with the equal speeds lines,  |v|=const with the speeds 

which are equal to the gas flow speed on the curvilinear channel inlet and the angle is =60
0
-110

0
 Fig.4. 

The fibrous filters (drop catchers) work peculiarity is in the coalescence of the caught high 

dispersion particles (fluid drops) when contacting with the fibers surface and creation the fluid pellicle on 

them which is removed as it is accumulated from the layer in the form of the squirts or big water drops 

which move in the layer under their own weight force or they are caught by the gas flow or capillary 

forces.  

While creating the separation channel with filtering sections inertial filtering gas separator model 

one used as filtering element needle punched fabric made of polypropylene fibers. It is due to that 

polypropylene fibers apart from their universal chemical resistance also have good hygroscopic 

properties and so they are very effective for hydrogen particles from the condensation fog catching.   

After gas fluid flow gets into the filtering sections fluid drop catching is accompanied with the 

difficult secondary processes in the filter layer as a result of which its structure changes greatly. Caught 

with the fiber drops spread about their surface creating a pellicle the thickness of which rises becomes 

unstable and ruins on the separate drops which flow down along the fibers in the places where they are 

bent and cross themselves under the gravitation forces and frontal friction in the gas flow. As a result of 

the capillary forces activity neighboring fibers can cling together and so separate small fibers disappear 

and make bigger pores. At the same time some little pores are filled with fluid which increases the real 

gas speed in the bigger pores. In such a way the first liquid accumulation leads to essential change of the 

fiber layer pattern and structure.  Fluid accumulation continues till the filtering layer does not set off the 

self purification stationary regime. After that as it is stated above the caught liquid quantity in the 
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filtering layer and the quantity of the liquid flowing from it remains constant in time when the filtering 

speed  and particles in the gas flow concentration parameters do not change.  

Along with it the following sedimentation particles on the fibers mechanisms are possible. 

Touching effect (clutching) takes place when the gas flow current lines with which the particles move 

come over the surface of the barrier (fiber) on the distance equal to the particle radius or closer. Inertial 

contact takes place when particle mass or its movement speed are so considerable that it cannot move 

with gas flow completely along its current lines which roughly bend round the barriers. That is why the 

particles due to the inertial force continue their movement along the more linear trajectories and go off 

the current lines. High dispersion Brownian motion is a result of the gas molecules contact with the 

particles surface and is like mass changing based on molecular diffusion. Taking into consideration that 

inertial filtering separation apparatus are quite effective at catching fluid drops of the sizes 12R5μm 

from the gas fluid flows .,Lyaposchenko, 2006. one understands that it is not necessary to speak about 

the catching drops based on the Brown diffusion which becomes visible for the particles of the sizes 

2R0.1 . In the result of the experimental research one found out that the most permeating (hard to catch) 

are the particles of the sizes 2R=0.3-1.0μm, as the diffusion coefficient for them is small and inertial 

effect does not have the considerable influence yet.  

Besides that the basic separation process can be actively accompanied with the following 

processes when non stationary filtering regimes take place. As the following processes one means the 

phenomena which cause change of the separation effectiveness and resistance in course of time. The non 

stationary filtering phase (which is characterized with the filtering environment structure changes) in the 

conditions of many industrial manufactures exploitation has the significant practical meaning because of 

short duration of the stationary filtering phase. Because the following processes are complicated and 

versatile the non stationery filtering phase has been much worse studied.   

The caught fluid drops are distributed along the fibers uneven. As the drops accumulate the new 

ones sediment on the old sediment drops and form the chains which emerge on the sides and when 

develop they continually turn into the tree-like branching which fill the pores. The phenomenon of 

mudding makes the filter efficiency much higher. Sometimes thanks to insignificant resistance 

increasing. Filtering layer structure heterogeneities smooth out due to it and the particles aggregates fill 

the big pores.  Capillary phenomena are very important for the fog filtering and are difficult processes 

which include: the sediment drops spreading out with the following connection them into big drops or 

with the liquid pellicle formation on the fibers; liquid accumulation in the places of the fibers crossings; 

capillary water steam condensation in the places where the caught particles contact with the fiber or with 

each other; neighboring fibers clinging because of capillary forces influence when soaking the fibers 

which leads to the small drops disappearing in the filters that are not enough hard and the formation of 

the bigger intervals to the increasing the heterogeneity of the layers structure.  

It is worth noticing that flow speed increasing can lead to the following drops carrying away, which 

is connected with the taking them from the fibers surface. So fiber filtering element is characterized with 

two critical speeds: first speed limits the size of the drops caught with fiber and is defined with the Stokes 

criterion, the second one is the beginning of the secondary drops carrying away thanks to the fluid pellicle 

firmness loss that flow down the fibers.  

 

5. RESULTS AND DISCUSSION 
 When modeling of the received mathematical systems for the curvilinear channel sizes with radiuses 

R1=50mm, R2 =25mm and the initial radial Vr1 equal to 1 we got the 3-d graphic Fig.5.  

 This graphic dependence shows that when gas flow movement along the curvilinear channel near 

the walls radial speed component is zero, when rising the angle φ first the speed component value decreases 

to the minimal one and then after the redistribution and passing the maximal wide section it begin to 

increase. This phenomenon occurs because of the sufficient inertial force presence which let the drops be 

caught in the filtering element, which is situated in the louver hollows. The above stated ideas and research 

results of the fields speeds and pressure motivated us to invent a new mode of the high dispersion drop 

liquid separation from the gas fluid flow and to create a model of the high effective inertial filtering drop 

catcher with the low hydraulic resistance ., Sklabinskiy et al., 2009. Speed pressure in the windy zone of 
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the separation channel lug is enough to create the pressure drop (motive power) on the both sides of the 

double louver from the different channels sides for getting through the net louver but not in the thick 

filtering material layer between the channels. Fig.6. Besides in this section of the double louver from the 

other channel side there is a low pressure zone (pocketing zone) or the vortex zone, it depends on the 

intensiveness of the hydrodynamic regime entire rushing phase movement along the separation. 

 

6. CONCLUSIONS 

1. On the basis of the processes which take place in the IF gas separation channel the main assumptions 

are made which can be used for the mathematical model creation. 

2. One selected and simplified the main mathematical dependences taking into consideration the taken 

assumptions and limit conditions Mathematical modeling is made in the program complex Maple and 

one received the 3-d graphic which shows the pole speed in the channel.  

3. There are worked out the theoretical basis of the separation process in the IF separator and the main 

recommendations as to the fog separation using the new method.  
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Table.1. List of symbols 

 

Symbol Description Unit 

R1, R2 
Raduius corrugations of the separation 

channel 
m 

ε The coefficient of turbulent viscosity m
2
/sec 

Vr, Vφ, Vz 

The components of the gas velocity (the 

radial, tangential, axial) 
m/sec 

Vr1 The initial radial velocity of the gas m/sec 

С1, С2, С3 The constants of integration - 

Р Pressure Pa 

θ Angle of corrugation rad 

ρ Density of gas  kg/m
3 

 

 
Figure. 1. The calculating scheme of the purifying gas movement through the IF separator louver 

board. 

 

.  

Figure.2. Calculating scheme of the gas liquid drop flow movement along the separation channel with 

filtering sections IF separation apparatus: 1. - separation channel; 2- double louver crimping plates; 3- 

filtering sections. 
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Figure.3. Local speeds distribution. 

v, m/s, gas flow movement along the inertial separation channel section of the inertial filtering gas 

separator physical model 

(Re=50000): ○ – v=7,0 m/s м/с; □ – v=6,00 m/s; Δ – v=4,0m/s; ■– v=2,0 m/s; ▲– v=1,5 m/s; ● – v=1,0 

m/s. 

 

 

 
 

Figure.4. Geometrical zones of the filtering sections in the separation channel of the louver inertial filtering 

gas separator disposition. (Re10000). 
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Figure.5. The example of the graphic results for calculation the changes of the radial component for the gas 

flow speed along curvilinear channel with sizes R1=50mm, R2 =25mm and the radial component of the gas 

flow speed at0=0 equal toVr1=1 m/sec. 

 

 
Figure 6. the gas fluid movement along the separation board of the IF drop catcher scheme: 

1 – double louver crimped plate made of net, 2 – filtering element, 3 – gas fluid flow. 
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 في النتاج المعماري المعاصر ألمنشئيةاثر تكنولوجيا النظم 
 

 م.د.صفاء الدين حسين عمي 
 الجامعة التكنولوجية/ قسم اليندسة المعمارية

Inana_ar@yahoo.com 
 

 ممخصال
معماري المعاصر من خلال دراسة التطور الحاصل في النتاج ال المنشئيةيتناول ىذا البحث دراسة اثر تكنولوجيا النظم 

الثورة الرقمية وما وفرتو من امكانيات التصميم المعماري  فضلًا عنمن مواد وطرق تشييد  المنشئيةفي تكنولوجيا النظم 
 .ىي مصدر الابداع في النتاج المعماري المنشئيةتكنولوجيا النظم  أعدتوالانشائي في خمق نتاج معماري متميز، اذ 

م الانشائي قد حققت الابداع في النتاج من خلال المواد وطرق التشييد والتصميم ايفترض البحث ان تكنولوجيا النظ 
جيا كفكر من و كد امكانية التكنولؤ عاصرة تالرقمي، طالما ارتبطت التكنولوجيا بالتوجو العالمي والعولمة ولكن التوجيات الم

البحث توضيح مفيوم تكنولوجيا  ف، وعميو اصبح ىدالمنشئيةخلال تكنولوجيا النظم  تحقيق سمات المكان وتاكيد المحمية من
تي يدعم فييا من خلال تعريف مفاىيم النظام بصورة عامة والنظام الانشائي بصورة خاصة لتحديد الجوانب ال المنشئيةالنظم 

 المنشئيةتحميل العلاقة بين تكنولوجيا النظم  والتي تم تمخيصيا في البحث اولا،  ثم  المنشئيةمنظم لالتطور التكنولوجي 
 المنشئيةوالنتاج المعماري. توصل البحث الى بناء اطار نظري لممفردات الرئيسة والثانوية وصيغيا الممكنة لتكنولوجيا النظم 

 . لمنشئيةاوتطبيقيا في عدد من المشاريع المعمارية التي عرفتيا الادبيات بالتميز المعماري في تكنولوجيا النظم 
وقد اشر البحث دور التكنولوجيا وتقدميا وتطورىا في كافة المجالات وخاصة في استعمال وتطور المواد الانشائية وطرق 
-الانشاء وكذلك التقدم الحاصل في استعمالات وتطبيقات البرامج الرقمية في خمق نتاج معماري مميز ضمن سياقو المكاني

 الزماني.
 لنظم المنشئية، النتاج المعماري المعاصر، البرامج الرقمية.أتكنولوجيا، الكممات المفتاحية: ال

 
The Impact of Construction Systems Technology in  Contemporary 

Architectural Product 
 

Dr. Safaa AlDeen Hussain Ali 

Lecturer 

University of Technology/ Architectural Department 

Inana_ar@yahoo.com 

 
ABSTRACT 

This research examines the impact of construction technology systems in contemporary 

architectural production through the study of the evolution in it systems, construction materials 

and methods of construction in addition to the digital revolution which provided possibilities of 

structural and architectural design in creating a distinct architectural  product, as considered 

construction systems technology is the source of creativity in the architectural product, the 

mailto:Inana_ar@yahoo.com
mailto:Inana_ar@yahoo.com
mailto:Inana_ar@yahoo.com
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research is assumed that the construction systems technology have achieved a structural 

innovation in production through the materials and methods of construction and digital design.  

For Long time technology was connected to the global trend, but the contemporary trends of  

technology pointed out the possibility of achieving  the character of place and confirm locality 

through construction systems technology, And it became this research to clarify the concept of 

construction systems technology through the definition of the concepts of the system in general 

and structural system in particular to identify aspects that supports the technological 

development of construction systems Which are summarized first, then analyze the 

relationship between construction systems technology and architectural product.  

The research reached to build a theoretical framework for the main and secondary vocabularies 

of construction systems technology and their possible formulations and their applications in a 

number of architectural projects that have defined by the literatures as excellence in 

construction technology systems . 

The research pointed out the role of technology and its progress and development in all fields, 

especially in the use and development of construction materials and methods of construction as 

well as advances in the computer applications in creating distinctive architecture within its 

spatial - temporal context. 

Keywords: Technology, Construction Systems, Contemporary Architectural Product, 

Construction materials, Computer Applications. 

 

  المقدمة
جوانب العمارة المعاصرة،  البناء اكثر من حقل من مجالات العمارة ولكن أصبح ىذا التطور فى كل يشمل تطور تكنولوجيا

يات الإنشاء الحديثة تطورات المواد البنائية وتقن حيث بدأ المصممون المعماريون والإنشائيون استخدام كل ما ىو جديد من
 التي أصبحت تمبى كل متطمبات العمارة الحالية.  المنشئيةوالنظم 

بصورة من خلال تعريف مفيوم النظام واثرىا في النتاج المعماري المعاصر  المنشئيةتكنولوجيا النظم يتناول البحث موضوع 
 ميو حددت:وع المنشئيةالنظم ي ظام متعدد الابعاد فكنوتاثير التكنولوجيا عامة 

كنظام )فكري انشائي( في النتاج المعماري  المنشئيةعدم وجود تصور واضح حول اثر تكنولوجيا النظم  مشكمة البحث:
 المعاصر. 

 باختلاف طبيعة المشاريع واىداف المصمم. المنشئية: يتباين تحقيق ابعاد التكنولوجيا في النظم فرضية البحث
 -:البحث أىداف

 ل لابعاد تكنولوجيا النظام الانشائي. بناء اطار نظري شام
 في النتاج المعماري المعاصر. المنشئيةتوضيح اثر تكنولوجيا النظم 

 ييكل الاتي:البحث تم اعتماد الولتحقيق اىداف 
ظام بصورة عامة والنظام الانشائي بصورة خاصة واىم نالانشائي من خلال تعريف مفيوم التعريف مفيوم النظام  .1

 خصائصيا.
 .المعاصرالمعماري لمنتاج المنشئية اطار نظري لمتكنولوجيا كنظام متعدد الابعاد واثرىا في النظم وضع  .2
 .اختبار فرضية البحث من خلال تطبيق مفردات الاطار النظري في عدد من المشمريع المنتخبة .3
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  المنشئيةالنظم  -1
 مفيوم النظام 1-1

م جوانب الحياة المختمفة ، فيناك نظم الارقام، والزمان ، والمكان يشير )بريجز(، الى ان مفيوم النظام يسشمل معظ
، ] 32،ص  1986ابريجز [ ....الخ لذا فمن الصعب ايجاد تعريف محدد لنظام ولكن الميم اسموب التفكير في ىذا النظام 

 وليذا نجد مجموعة من التعاريف لمنظام تشترك معظميا بجوانب معينة , منيا:
 1لغويااولا: 
 .وفي الانكميزية ،ونظمت الشعر اي التاليف .، اي الجمع: مشتق من الفعل نظم ، ينظمالعربية في 

system   :  A group of interacting, interrelated, or interdependent elements forming a complex whole. 
A functionally related group of elements. 

 ثانيا: اصطلاحيا
 د مجموعة من التعاريف لمنظام تشترك معظميا بجوانب معينة , منيا:اصطلاحيا نج

ىو الكيان المتكامل الذي يتكون من اجزاء وعناصر متداخمة تربطيا علاقة تبادلية من اجل اداء وظائف وانشطة  -1
 ] 73ص، 1978السممي،  [ تكون محصمتيا النيائية الناتج الذي يحققو النظام كمو .

محددة،  قواعد وفق بيئتيا، ومع البعض بعضيا مع وتتكامل تتفاعل التي او الأجزاء عناصر عدة من مجموعة -2
 ( 10، ص2009العمري، معينة.) أىداف لتحقيق

يتكون النظام من مجموعة من الانظمة الثانوية بوصفيا مكونات او عناصر او اجزاء، ويشترك مع انظمة اخرى  -3
 (134-121، ص 2001،مثل حالة نسبية لا حالة مطمقة. )العميليشكل نظاما اكبر، وان ما نسميو بنظام رئيس ي

 بانو:  2وتعرفو الاكاديمية العربية لمتعميم العالي
 فالكون المتفاعمة، النظم من ببساطة مجموعة ىو أو .محدد ىدف تحقيق لأجل بينيا، فيما متفاعمة عناصر مجموعة -4

دارة نظام، التجارة ووزارة نظام، والذرة نظام،  .... الخ.نظام رد البشريةالموا وا 
 Relationships   علاقات بواسطة Environment البيئة مع ترتبط Subsystemsالفرعية  النظم من مجموعة -5

 وتتأثر وتؤثر بالنظام يحيط ما فيي البيئة أما لمنظام، الأساسية المكونات ىي الفرعية  والنظم Goal.ىدف  لتحقيق
 النظام البيئة. بين العلاقات وكذلك النظام، مع الفرعية النظم تربط تيال العلاقات خلال من بذلك النظام،

ىو مجموعة من الاجزاء المصممة والمتوافقة بيدفيا ومحتوياتيا ومكوناتيا الثانوية,مرتبطة وفق سياسية تنفيذية  -6
 متسمسمة وفق نسق يؤدي الى تركيب او تشكيل مقصود لتحقيق مقاصد معينة لاداء فعاليات متغيرة.

ىو تكوين متكامل لمجموعة من الاشياء او الاجزاء المادية والروحية المترابطة مع بعضيا وفق قواعد معينة وبتسمسل  -7
 ثابت لتشكل مجتمعة مفيوما.

 اىمية. مجموعة من الانظمة المتسمسمة بالاىميات تشكل مجتمعة و وفق اسس محددة نظما اكبر واكثر  -8
ات مفتاحية كالمكونات والعلاقات, أن تكرار بعض المفردات في ىذه التعاريف يؤكد من التعاريف اعلاه نلاحظ تكرار كمم

ومن جية اخرى بعض ىذه التعاريف رغم توافقيا مع التعاريف الاخرى الا انيا تمتمك خصوصية لمتوجو المقصود  أىميتيا,
 او تنفيذية في مؤسسات التشييد مثلا.فالتعريف الثاني الذي يخص البحث قادر عمى ان يمي مقاصد تكنولوجية او تصنيعية 

                                                           
1
 http://www.thefreedictionary.com 

2
 Arab British Academy for Higher Education p. 1, www.abahe.co.uk, 

http://www.thefreedictionary.com/
http://www.thefreedictionary.com/
http://www.abahe.co.uk/
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الملاحظة الميمة الاخرى ىو انو النظام الذي نعرفو يتكون من مجموعة من انظمة ثانوية كالمكونات او عناصر وىو 
بحد ذاتو يشترك مع انظمة اخرى ليشكل نظام اكبر وان ما نسميو بنظام رئيسي يمثل حالة نسبية لاحالة مطمقة كما ان ىذا 

كل مافي الكون يتشكل من مجموعة انظمة اصغرىا) ربما نظام نواة الذرة ( واكبرىا ما يشكل النظام الكوني يعني ان 
 المتكامل الذي ىو دون خالق الانظمة وفاطر السموات والارض.

ير لذا فالنظام يختمف عن المكونات والعلاقات والقواعد ولا يمثل مجموعة  الاجزاء بل تتحقق بيدف ويطبق بيدف ويتغ
 بيدف ويحدث كل ىذا بمنيجية دقيقة وىكذا تصبح المنيجية والنظام متطابقان بالاىداف..

بالاعتماد عمى التعاريف نستطيع القول بان كل نظام يتكون من عناصر ) او نظم ثانوية ( لا تقل عن ثلاثة ترتبط 
 بعلاقات تحكميا قواعد ويتحقق النظام بيدف ويتفاعل ضمن حدود "

ريف يمثل ما تطرحو نظرية النظام العامة ويشكل الاساس النظري لمفيوم يتحقق عمى الصعيدين الفكري أن ىدف التع
 ) نظام من عناصر + علاقات + قواعد + اىداف + حدود ( يقودنا الى التفكير بالنظام  والتطبيقي )الممارساتي (..

(system Thinking وان اىم ما يميز النظم قدرتي )انات ثابتة والا تعرضت الى لحركة فيي ليست كيا عمى التطور وا
 الاندثار سائر الانظمة الحية الاخرى التي لم تستجيب لمتطور ولم تمتمك القدرة عمى التكيف لمتطميات الزمان والمكان.

  النظم تصنيفات 2 -1
 البيئة طبيعة حسب أو بالنظام الخاصة والإجراءات النشاطات طبيعة حسب تصنيفات عدة إلى النظم تصنيف يمكن 

 (12-11، ص2009)العمري، :كالتالي وىي تصنيفات عدة إلى النظم النجار قسم وقد النظام، بيذا المحيطة
 والصناعية الطبيعية النظماولًا: 

 بالنظم النظم ىذه وتسمى الأربعة ، الفصول ، الأرض دوران نظام : مثل بالطبيعة الموجودة النظم الطبيعية النظم تمثل
لانظمة الانشائية، الانظمة أ ، الحاسوب أنظمة: مثل الإنسان ابتكار من نظم فيمي الصناعية النظم أما ، الكونية

 .الادارية...الخ
 والمفتوحة  المغمقة ثانيا: النظم
 مثل: مشتركة حدود أي توجد بينيما ولا بيا يؤثر ولا يتأثر لا المحيطة البيئة عن المفصول النظام ىو المغمق النظام

 بيا، يتأثر ويؤثر المحيطة البيئة مع يتفاعل الذي النظام المفتوح فيو النظام أما . المعزول الكيماوي التفاعل الذري، مالنظا
 .المختمفة المنظمة نظم مثل معيا مستمرة علاقة لو ويكون
 : والمجرد المحسوسة النظمثالثاً: 

 أيضا وتسمى الحاسوب نظم: مثل المحسوسة ناعيةالص أو الطبيعية العناصر من مجموعة من المحسوسة النظم تتكون
 .النسبية والنظرية العد نظام مثل عقميا تصورىا يكون إنما ، يمكن لمسيا لا التي النظم يفي المجردة النظم أما المادية بالنظم

 :المتغيرة والنظم الثابتة النظم رابعاً:
 :مثل مستقبلا سموكو التنبؤ بدقة ويمكن مطمق، شبو بشكلو  سمفا محددة آليات ضمن عمل الذي النظام ىو الثابت النظام
 ولا مستمر، وبشكل ثابتة آلية معينة وفق يعمل الذي النظام فيو المتغير النظام أما . الحاسوبي البرنامج نظام الكوني، النظام
 .والاجتماعية الإدارية والمالية النظم :لثم حتمي بشكل مستقبلا بسموكو التنبؤ يمكن

من ابتكار الانسان وانيا نظم مفتوحة تتعامل مع ان النظم الصناعية ىي نظم  لاحظن اعلاه  النظم تصنيفات إلى وبالنظر
 .المنشئيةالبيئة المحيطة وسياقيا المحيط وليا علاقة مستمرة معيا وىذا ما يعرف النظم 
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: علاقة العناصر المنشئية ضمن قاعدة 1ل شك
 / اعداد الباحثبعدية 

 المنشئيةالنظم  1-3
ة ومتفاعمة مع بعضيا البعض لاتمام الوظيفة الانشائية يتكون النظام الانشائي من عناصر ومكونات انشائية مترابط

 ( ,p.xi2001Macdonald ,)المحددة لممنشأ مع توفير عناصر الثبات والاستقرار. 
( والمكونات التي تشكل لوحدىا نظام فينالك عدة فوارق بين العلاقة Relationshipىنالك تمييز بين مفيومي العلاقة )

(Relationship( والنظام )System: ونخص بالذكر المقاصد التنفيذية والانشائية وللاسباب التالية )Broadbent, 
1973,375)) 

تتكون العلاقة بين عنصرين او عضوين ويمكن تحميل العلاقات المركبة بصورة ثنائية. أما النظام فيشمل عددا غير  - أ
 ثنائية.محدد من العناصر والمكونات غير قابمة لمتحميل في بعض الاحيان بصورة 

تكون العلاقة بين عنصرين فقط ترابطا ولايشكل ىذان العنصران المترابطان نظاما بل ترابطية  كما ان الترابطية  - ب
  .تدخل بعلاقة العنصرين بموجب مواصفات وخصائص بارزة وثابتة

مكونات ( وان النظام تشكيل محدد تتوزع الDimensional Domain) وجد النظام يجب وجود ارضية بعديةلكي ي - ت
  .(1)ة اي ىنالك حدود لوجود النظام كما في الشكل وتربط بعلاقات وفق قواعد محددة ضمن ارضية محدد

، كما تختمف في عمييا مؤثرة والاحمال المسمطةالياتيا في نقل القوى ال يوعناصرىا وفاشكاليا  في المنشئيةتختمف النظم 
ختبار النظام الانشائي عمى طبيعة الفعالية الوظيفية، والعامل الاقتصادي، كيفية التعامل مع مواد البناء الحديثةـ ويعتمد ا

  (Ali & Kyoung Sun (2007)ومواد البناء المستخدمة. 
تعتمد عمى نوع وترتيب العناصر الانشائية الرئيسية وطريقة التكوين وانتقال الاحمال  المنشئيةمما تقدم ان النظم 

 المسمطة عمييا.
  المنشئية النظم تكنولوجيا -2
 تعريف التكنولوجيا  2-1

تتزايد اىمية التكنولوجيا في عالمنا المعاصر لانيا تؤدي دورا 
واضحا يؤثر في النتاجات المعمارية في عصرنا الراىن الذي يمثل 
ذروة التطور التكنولوجي وزيادة القدرات التكنولوجية، وتمثل 

نسان المادية التكنولوجيا في بعض جوانبيا اَلية تحقيق حاجة الا
والروحية بتوفير وسيمة.وما الاختراعات الا اضافات الى الخزين 
التأريخي كجزء من التطور التأريخي فاختراع العجمة يمثل قفزة 

  .تاريخية حققتيا التكنولوجيا لخدمة الانسان
تشير الدراسات الى عدم وجود تعاريف  متفق عمييا لمتكنولوجيا 

، ويمكن تعريفيا بانيا لتوجو المعرفييف يختمف باختلاف افالتعر 
تقنية الاستخدام التطبيقي لمعلاقات والقوانين والخصائص الجوىرية 
لممواد وتركيباتيا لموصول الى شكمية مادية جديدة قادرة عمى اداء 

  .ميمة معروفة الابعاد والخصائص
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 التكنولوجيا والعمارة 2-2 
عممية يتفاعل  فييا الحاجة والفكر والتكنولوجيا من جية والمواد  وصفياوجي بيرى الجادرجي العمارة من المنظور التكنول

الاولية من جية اخرى. فالتكنولوجيا منظومة فعل انساني تتداخل مع منظومات معرفية او اخلاقية لتكون نظاما ) كلا 
 ثقافيا( يميز مجتمع عن اخر ويتحكم في النتاج المادي والفكري لممجتمع.

بانو التفاصيل  الماضي يعني في خمسينات القرن  Architectural Technology تكنولوجيا العمارة مصطمح  كان 
بداية ، دون الاشارة الى القيم المعمارية والفكرية البناء وطرق التشييداد وتفاصيل مو  Building Detailsالانشائية لممبنى 

تكامل فكري ومادي يتم فيو التعامل مع ملتكنولوجيا بشمولية وكنظام التوجو اكاديميا ومينيا نحو التعامل مع ا السبعينات بدأ
والتفاصيل الانشائية  اددراسة المو مادية والتي تشمل محمية والطراز المعماري والجميع المعطيات الفكرية والتي تشمل ال

 ( Matteol and Peretti 2013) .  لتصنيع ...الخاو 
لانشاء، تاخذ ىذه العلاقة عدة اشكال والدور الذي تمعبو التكنولوجيا في النظم ىناك علاقة بين العمارة وتكنولوجيا ا

يؤثر بصورة كبيرة في العمارة كنتاج، ترتبط العمارة وتكنولوجيا الانشاء بطرق عدة ابتداءا من السيطرة التامة لمييكل  المنشئية
. لجات المعماريةاة مقابل المعالانشائي في الشكل المعماري الى الاىمال الكمي لممتطمبات الانشائي

,p73)2001Macdonald, ) 
من انتقمت المعمارى ىامة جداً فى ظل طفرات معمارية ىائمة  النتاجواثرىا في عممية التطور التكنولوجى لمعمارة أصبحت 

المتعدة وآلية  نشائيةلنظم الإاو  ةالتطور التكنولوجى اليائل حيث اكتشاف المواد الإنشائية الجديد إلى أخرى فى مراحل ةمرحم
ف الزجاجية والمدائن ا، واكتشاف بعض مواد البناء الجديدة كالاليوالجيد التنفيذ المتقدمة وفائقة السرعة والتقدم لتوفير الوقت

 ورقائق الالمنيوم والمواد النانوية وقد تأثر التصميم المعمارى عمى وجو الخصوص والمنشآت المعمارية عمى وجو العموم بيذا
 .تطور التكنولوجى اليائلال

ووسائل التنفيذ ونظم الإنشاء المستخدمة  إن تطورات تكنولوجيا العمارة فى تحديث دائم حيث أنو من الممكن أن مواد البناء
 تحديث ىذه المواد وغيرىا. زمنية قادمة ويتم مرحمةاليوم لا تستخدم بعد 

 
     
 
 

 واثرىا في النتاج المعماري المعاصر. ممنشئيةنولجيا النظم الوليذا سياخذ البحث في المحور الاتي دراسة تك
 
 استعراض الدراسات السابقة  -3

والنتاج المعماري )العمارة( تم استعراض اىم الادبيات التي تناولت  المنشئيةولغرض دراسة العلاقة بين تكنولوجيا النظم 
 الموضوع باختلاف توجياتيا البحثية.

 
 
 

 التكنولوجيا

 (منشئيةنظم  ) مادي

 نظم فكرية( فكري )
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 الدراسات العالمية 3-1
 :وشممت مجموعة الدراسات الاتية 

  ، ( في كتاب تكنولوجيا ومراحل العمارةAbel,Chris 2004ايبل )كريس دراسة اولا: 
 Architecture Technology and Process 

 طرح الكتاب من خلال استعراض تكنولوجيا العمارة وعمارة التكنولجيا اسموب الدمج بين التقنية العالية والعوامل المكانية
 .المحمية )خصائص المكان(والمواصفات  تبار امكانيات الموقعذ بالاعتقنيات الحديثة مع الاخوامكانية استخدام ال

من قبل كا طرح الكتاب في الفصل الرابع المقارنة بين اسموب  المعماريين نورمان فوستر وفرانك كيري والمنيج المعتمد 
لمكان والاختلاف في التكنولوجيا اابو في اعماليم في التعامل مع سياقية في التصميم والذي يركز عمى جوانب التشمنيما 

 الرقمية المعتمدة في تطوير افكارىم التصميمية.
بيذا نجد ان الكتاب طرح اىمية العوامل المكانية كاحد الجوانب التي يجب ان تتباناه تكنولوجيا العمارة والانشاء ودور 

ية الكبيرة في خمق الفضاءات ر ي اختلاف النتاج المعماري، نظرا لامكانياتيا التعبيالتكنولوجيا الرقمية في التصميم ف
 والاشكال الافتراضية من جية وفي معالجة الجوانب الانشائية من جية اخرى.

           ( في كتاب العمارة الجديدة والتكنولوجيا2003Gyula Sebestyenدراسو جيولا سيبستين )ثانيا: 
  New Architecture and Technology  
يتناول الكتاب العمارة الجديدة والتكنولوجيا والإمكانات القوية الممكن في تقاطع الممارسة المعمارية واليندسية المتقدمة. 
ويقترح توجيو الميندسين المعماريين والميندسين عمى إمكانات التكنولوجيات الجديدة في مشاريعيم و عمى القضايا التي يجب 

 يا لدمج ىذه التقنيات بنجاح.معالجت
وضح الكتاب التداخل بين العماره وتكنموجيا المواد البنائيو وكيفيو مواكبة التطور الاجتماعي والاقتصادي موضحا انواع 

، واشر امكانية فيم تأثير التكنولوجيا من خلال الأمثمة من المباني المعاصرةاليياكل الانشائيو تبعا لتطور التصميم الانشائي. 
الإليام من تفسير اتجاىات  فضلًا عنوالتعمم من التقييم العممي من النجاحات والإخفاقات في مجال العمارة الحديثة، 

 .التصميم الحالي
ليس فقط  ،ن أحدث التقنياتيوضح الكتاب كيف تطورت المباني والمدن لتمبية احتياجات الناس الذين يستخدمو 

التصميم باستخدام برامج الكمبيوتر المطورة حديثا ، ولكن يتم بناؤىا ىياكميا مع تقنيات تخطيط و في ال الميندسين المعماريين
 البناء الحديثة وتحسين مواد البناء باستمرار.

مواد البناء من خلال استعراض مواد البناء الحديثة وتاثير  عمىتناول الكتاب في الفصمين الاول والثاني تاثير التكنموجيا 
لممباني من خلال التعرف عمى تفاصيل التصاميم الانشائيو فيما بين الفصل الثالث دور  ألمنشئيةليياكل التكنموجيا في ا

التكنموجيا في تغيير نمط الخدمات كما وضح الفصل الرابع تاثير التكنموجيا في التصميم المعماري من حيث الشكل 
   .المعماري
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تصميم التكنولوجي في السياق المتعدد التخصصات ال ،  (Stephen Emmitt,2011) 3ستيفان ايمت: دراسة لثاثا
  ,Technological design in A Multidisciplinary Sensory Context الحسية،

جيا الانشاء والتصاميم اول البحث العلاقة بين تكنولوجيا العمارة من خلال تكنولوجيا الرقمية في التصميم وتكنولو نت
الذي يوجو المصمم في اختيار الحمول الانشائية والمواد الي تناسب الطراز المعماري، كما طرح  التحدي ، موكداً التفصيمية

 البحث اعتماد المواد البنائية الجديدة او اعادة استخدم المواد التقميدية بطرق انشائية جديدة.
اظيار الميارات الفنيو من ين يمعمار ان تكنموجيا العماره قد جمبت المعرفة بين التصميم المعماري ونظم الانشاء ومكنت ال

اكد البحث اىمية الاستدامة المحمية ليس من خلال التكرار الحرفي ولكن من خلال توظيف . كما لخمق الاشكال المبدعة
 .المعمارية الجديدة والتفاصيل تقنيات البناء، من خلال يف قيم جديدة لممجتمعضالانماط التي ممكن ان ت

 المشروع كنتاج لمبحث العممي   Mario Losasso) 2011)لوساسو  ماريو  : دراسةرابعا 
The Project as Product of Scientific Research  

يطرح البحث دور البحث العممي التقميدي في المشروع المعماري من خلال دراسة التاثير الاجتماعي والاقتصادي والبيئي، 
ي في تقديم الحمول لكثير من المشروع وازدياد اىمية التصميم التكنولوج ومع ازدياد الحقول المعرفية المرتبطة بتصميم

مناىج ل(، مع اknow-how او المعوقات الانشائية التي تضمن نجاح المشروع، مشيرا بذلك الى المعرفة ) تكلاالمش
 النظرية والتطبيقية لممعرفة.

جي قائم عمى المناىج والادوات لربط الجوانب الى ان التصميم المعماري المعاصر ىو تصميم تكنولو ر الباحث ااش
تزداد اىمية تطور العناصر التكنولوجية في المشروع مع ازدياد حجم اذ ، الوظيفية والانشائية لممبنى مع السياق المحيط

معالجات ، وطرح اىمية تكنولوجيا الانشاء في الاخذ بنظر الاعتبار التوجيات المعاصرة في الاستدامة في الوتعقيد المشروع
 .البيئة والمكانية وبما يتوافق مع متطمبات السياق المحيط بيئيا واجتماعيا ومكانيا

 الدراسات المحمية وتشمل: 3-2
قسم اليندسة  ، جامعة بغداد، كمية اليندسة، ة، اطروحة دكتورا، العمارة والتكنولوجيا2003: دراسة ىوشيار قادر اولا

 .المعمارية
فعالية تكنولوجيا لانيا تتعامل مع ظاىرتي العمارة والتكنولوجيا، عمى انيما ظاىرة واحدة تشكلان عرفت الدراسة العمارة ك
 في النياية ظاىرة واحدة.

ناقشت الدراسة خصوصية حركة التكنولوجيا في العمارة واعتماد الافعال التكنولوجيا في نظم العمارة الرئيسية، كما تطرقت 
ام وتحديد النظم الرئيسية المتمثمة بالفكر والمادة والشكل. وان العمارة خاضعة لمفيوم النظام الى العلاقة بين العمارة والنظ

وقواعده ، ذلك النظام الذي يتالف من مجموعة من الاجزاء ليا وظائفيا وتربطيا علاقات منظمة وىذه الترابطات ىي التي 
د البنائية او عناصر قد تكون ناتجة عن امكانيات المواالتي اوضحت الدراسة مصادر الشكل المعماري تقرر نوع النظام، و 

  .، او الخواص اليندسية التي تقرر الشكل النيائي لمعمل المعماريأالمنش

                                                           
3
، والذي  Architecture 2002 technology تكنولوجيا العمارة ا لكتابو في ىذه الدراسة ممخص( Stephen Emmittدراسة ستيفان ايمت )طرح  

 .2012اعيد نشره عام 
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ماجستير، الجامعة ، رسالة المعاصرةالعراقية ، اثر التكنولوجيا عمى العمارة 2004صباح الشابندر  ة: دراسة منور ثانيا
 .عماريةالتكنولوجية، قسم اليندسة الم

عرفت الدراسة التكنولوجيا بالتعامل مع المادة البنائية والمفاصل الانشائية واسموب الربط في النظم الانشائية الييكمية من 
ئص الوظيفية والخصائص الشكمية وخصائص الجمال اخلال المستويات الخمسة المتمثمة بخصائص المكان والخص

 وخصائص المعنى.
مع المادة والمفاصل الانشائية واسموب تصميمياً تعامل لممواد البنائية الحديثة توجيا المعاصرة اشرت الدراسة ان التكنول

نظمة ىيكمياً لاعطاء ىيئة او شكل يحقق المعنى او مالتركيب والربط سواء كان لمادة واحدة او لعدد من المواد البنائية ال
من خلال عدد من  ية المحمية في تعزيز الفكر المحمي العراقيطرحت الباحثة امكانية تطويع المادة البنائكما  .المنفعة

افية، العزل : الصلادة الخارجية، المرونة، الشفد البنائية كخصائص فنيةيا عمى مستوى المواالمفردات الرئيسة والثانوية اىم
ى مستوى خصائص )استعمال مواد تخفي الخصائص الانشائية او اظيارىا(. اما عملمموادية أالحراري، وخصائص منش

 الانفتاح نحو الداخل(.–المكان فقد طرحت الباحثة مفردتين رئيسة ىي المعالجات المناخية )الانفتاح نحو الخارج 

، رسالة ، اثر برامج التحميل الانشائي عمى الشكل المعماري للابنية الضخمة2005: دراسة رشا نوفل العزاوي ثالثا
 .سة، قسم اليندسة المعماريةماجستير، جامعة النيرين، كمية اليند

(، والعلاقة بين تطور وسائل Mega Structureفي الابنية الضخمة ) المنشئيةم ظالباحثة الربط بين العمارة والن طرحت 
كل الانشائي من خلال تصميم الييكل الانشائي والابداع المعماري. طرحت الدراسة العلاقة بين الشكل المعماري والش

 مواد البنائية في اخفاء او اظيار النظام الانشائي.لم يةئشنالخصائص الم
 في الابنية المعاصرة واىميا القشرية ،والغشائية، والمضمعة، والمقوسة والمؤطرة.  المنشئيةطرحت الباحثة  النظم 

ئو داخل الابنية الدراسة ان برامج التحميل الانشائي ساىمت في سد الثغرات او الفجوات في عمل النظام الانشائي واجزا أعدت
( ودور ىذه الاجزاء واعطاء الامكانات لتغيير شكمو وانحناءه او مكوناتو الانشائية او المادية Mega Structureالضخمة )

 لموصول الى التوازن والاستقرار.
لانشائي في برامج التحميل االتطور في لشكل المعماري والنظام الانشائي واىمية ااستنتجت الدراسة اىمية العلاقة بين 

، ودور التكنولوجيا في موضحا دور تكنولوجيا الانشاء المستخدمة في ايجاد الاشكال الحرة الجديدة ،الاشكال المعمارية
 .تخطي العقبات الانشائية من خلال البرامج الرقمية المتعددة التي تعالج ذلك

                                       بحث منشور. ،انالواقع الافتراضي لمعمارة والعمر (، 2006) : ىاشم عبود الموسويرابعا
الملامح النظرية لتأثر التشكيل المعماري بالثورة الرقمية دون التأثر بالمحددات المكانية، من خلال الموسوي  عرض
في المستقبل عمى ل المؤثرات الجديدة التي تؤثر حالياً وستؤثر أكثر يوالثورة الرقمية، وتحم العلاقة بين العمارة مناقشة

  اتجاىات التشكيل المعماري: ومنيا برامج الحاسوب وأدوات التصميم المستجدة، والتأثر المتزايد بالإمكانيات التكنولوجية.
 يامجمممجموعة من الفرضيات توكد بتعرض الدراسة الملامح النظرية لمستقبل التشكيل المعماري موضوعةً في صورة 

ماري بسبب التدخل التكنولوجي الرقمي المباشر في أسموب التفكير والتصميم ومكونات ومواد تغير الشكل والتشكيل المع
في عصر الثورة الرقمية لتتميز الحوائط الخارجية ، اذ تلاشى الحدود  بين الخارج والداخل وعناصر الإنشاء وتنفيذ المنشآت

 لممنشآت بإزالة تمك الحدود عند الضرورة.
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عريضة لمتحولات التشكيمية المعاصرة المأخوذة من مشاريع ظيرت اليوم وتم تنفيذىا، أو حاول الباحث وضع خطوط 
من تصميمات تجريبية بدأت تظير في المحافل المعمارية، والتي يعتقد أنيا تأثرت بطريقة مباشرة أو غير مباشرة بالثورة 

مكانيات مستحدثة تخوض بيا مية الرق اليوم حقولا فكرية مختمفة، في عصر الثورة الرقمية وما أنتجتو تمك الثورة من أدوات وا 
اذ  يخضع التشكيل المعماري لقواعد إضافية غير التي ظيرت في عصر الثورة الصناعية مثل النسب والنمطية والوظيفية.

يا بالعمارة قسم والخارج وتزداد المواد لبنائية رشاقة وخفة. وفي الحديث عن الثورة الرقمية وعلاقت تتلاشى الحدود بين الداخل
 الباحث مجالات تأثر التشكيل المعماري بالثورة الرقمية إلى خمس نقاط : 

 أدوات التصميم المعماري. .1
 المستعمل.  .2
 المكونات الرقمية الجديدة لممنشآت. .3
 الفضاءات غير المادية  .4
 المتطمبات والتحولات الوظيفية . .5

ح المكونات الرقمية لممنشات لتحقق المتطمبات والتحولات الوظيفية وقد اعطى الباحث مثالًا لمفضاءات غير مادية التي توض
 PHYSISCALفي مشروع تصميم متحف غوغن ىايم الافتراضي ، فالمعماري الذي اعتاد أن يصمم فضاءات مادية ممموسة "

SPACES   " ًبدأ يتعمم تصميم الفضاءات الممثمة بصريا "CYBERSPACES اءات محكومة "، وتعمم أن يعي بأن ىذه الفض
 (2بقواعد وقوانين مستجدة أكثر تحرراً من تصميم الفضاءات الفيزيائية. شكل )

مما تقدم يتضح ان اىمية تكنولوجيا العمارة في النظام الانشائية من حيث المواد والتفاصيل الانشائية وطرق الانشاء 
 ة والتعبيرية.والواقع الافتراضي الذي سمح لممصمم لتخطي كثير من العقبات التصميمي

 
 الدراسة التطبيقيةو استخلاص الاطار النظري  -4

والذي يشمل مفردات التكنولوجيا )الفكرية  المنشئيةتم استخلاص الاطار النظري لممفردات الرئيسة لتكنولوجيا النظم 
 (.1)والمادية(، ومفرداتيا الثانوية وكما موضح في الجدول 

 
 

 
 
 
 
 
 
 

 

 
 4اضي لمعرض غوغن ىايم / الموسوي ص: التصميم الفتر 2 لكش
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 والتحميل طرق القياس 4-1

اعتمد البحث المنيج الوصفي التحميمي لمشروحات والنصوص التفصياية لكل مشروع مع تحميل الرسوم التي توضح الفكرة 
، ولغرض توضيحيا بشكل مفصل تم تحميميا في استمارة خاصة وحسب مفردات الاطار التصميمية والنظام الانشائي

 ( وصولا الى الاستنتاجات. 2جمع القيم لمتحققة في جدول )النظري. ثم تم 
  خبةتالعينة المن 4-2

 فكزي 
 عبلوي

 بيئي  -كبني ه  -هحلي

 ابعبد تكنىلىجيب النظن الونشئيت
هبدي ) النظن 

 الونشئيت(

 هىاد البنبء

خصائص 

 فنية

 الصلادة

 المرونة

 الشفافية

العزل 

خصائص  الحراري

 منشئية

 اخفاء

 اظهار

النظبم 

 الانشبئي

 Shellقشزي  

 Pneumaticهنفبخي 

 Membraneغشائي 

 Skeltonكلي هي

 Ribbedمضلع 

 Spaceالاطبراث الفزاغيت 

Frame 

 اليبث التنفبذ

 وحذاث انشبئيت قيبسيت

عنبصز انشبئيت هسبقت 

 الصنع
 اليت تجويع الاجشاء

 تعقيذ النظبم

  التكنىلىجيب

 الزقويت

اسلت الحذود بين الذاخل 

 خفت الوىاد البنبئيت والخبرج

 وس العقببث التعبيزيتتجب

 تجبوس العقببث الانشبئيت

 تجبوس العقببث الانشبئيت

 احثبئية / المصدر : المنشري لتكنولوجيا التظم الظ: خلاصة الاطار الن1 جدول
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ولوجيا النظم تم انتخاب عينة قصدية شممت عدد من المشاريع المعمارية التي وصفتيا الادبيات بالتميز والتنوع في تكن
وتطور تقنيات التنفيذ لمنظم المنشئية، وصولا الى الشكل المعماري المتميز  ءالانشاتكنولوجيا المنشئية، عمى مستوى تطور 

 :شممت المشاريع ،بالنظام الانشائي
  Wind and Water 2008 4مشروع مقيى وكافتريا رياح ومياه في فيتنام :اولا

 Vo Trong Nghia" –  ِ(A)المعماري الفيتنامي "تصميم: 
( المخصصة لاستخدام مواد صديقة لمبيئة في المباني IAAفاز المعماري الفيتنامي "فو ترونج نجيا" بجائزة العمارة العالمية )

مقيى "ويند اند ووتر" أو "رياح ومياه" والذي صممو ليتم تنفيذه بالكامل من "البامبو". في مشروع وذلك بعد ان ابدع  الحديثة,
انو بدأ المشروع ليعارض بو المفاىيم المستقرة عن العمارة, حيث استخدم مواد  ول "نجيا" بعد ان استمم تمك الجائزة المرموقة,يق

  بناء تقميدية من بمده فيتنام.
وعن الجائزة يقول ان اىميتيا تمثل في انيا تعطي للاعمال التي نفذت عمى الارض وليس لمجرد مشروعات, وىذا يثبت 

المبنى لايزال جميلا بعد مرور اربع سنوات فوليس فقط نظريات.  ان الناس يبدأون في تقدير قيمة العمل بعد ان يصبح واقعاً 
ي بنيت بنفس التصميم زوار من خارج البلاد, وظيرت الكثير من المقاىي التالكثير من الكما استطاع جذب  من التشغيل,

 (3شكل ). في اماكن اخرى تقميدا لما بدأتو, والان فقد تم تأصيل ىذا التيار الجديد من العمارة
م ىي و والالمني عالية التصنيف مثل الزجاج لقد اراد "نجيا" ان يظير لمعالم انو من الخطأ الاعتقاد بان المواد الفاخرة او

الوحيدة التي يمكن استخداميا في انشاء منازل جميمة, بل وان المواد الطبيعية وايضا عناصر الطبيعة مثل الرياح والضوء 
ويضيف ان المغزى من ىذه الجائزة بالنسبة لو شخصيا انيا دليل عمى ان العالم يسير في الاتجاه الذي  يمكن الاستعانة بيا.
مسؤولية المعماري ىي ، فاستخدام الاماكن المفتوحة والعناصر الطبيعية الخام والصديقة لمبيئة مثل البامبويتبناه ىو من حيث 

 .خمق عمارة قريبة من الطبيعة حتى يمكن لمفقراء التمتع بيا والاستفادة منيا
وطرق  ئيد نظام انشا، وباعتماوىي رخيصة جداطرق محمية ببالكامل من الواح الخوص المجيزة  الييكل الانشائي صنع 

معتمداُ اليات النظام الانشائي القشري والتمازج مع نظام المضمعات اعتماداً عمى الوحدات الانشائية القياسية  تنفيذ محمية،
البرامج الرقمية في تخطي وضع الرسوم  بمساعدة واَلية تجميعيا وتنفيذىا باشكال تتابعية تعكس خصائص المواد المرنة،

  لتفاصيل تكنولوجيا النظام الانشائي. (1، لاحظ استمارة القياس )5ولية والانشائية لممشروعوالتصورات الا
 
 
 
 
 
 
 
 
 

                                                           
4
 (2تم ترمٌز المشارٌع حسب ورودها فً النص واعتماد الرمز فً جدول التطبٌق )جدول  

5
 http://votrongnghia.com/projects/wnw-bar 

 الزقويت التكنىلىجيب بئي واليبث التنفيذالنظبم الانش  هىاد البنبء الفكزة التصويويت  رًز 

A 

 هحليت
خوق عٌارج قرٛثةح ًةَ  -

اهطثٜعةةح تاخةةر ماى ًةةٖا  

تِةةةاق ذدوٜمٛةةةح ًةةةَ توةةةمج 

 فٜرِاى.

ًعاٛشةةةح تةةةَٜ اهٌدٔةةة٘  -

 ٕاهطثٜعح.

اهطثٜعةةةح ٓةةةٖ ً ةةةمر  -

 ًعرفٚ.

اخةةةةةةةةةةةةةرعٌام اه ةةةةةةةةةةةةةٖ  
ٕاهرتاطةةةةاخ اه شةةةةثٜح فةةةةٚ 
اهعلاقاخ اهرراتطٜح فةٚ ُدةن 
الاحٌةةةةام ٕاهدةةةةٖٗ  ةةةةٌَ 

اهٌدٖخةةح ٕتاشةةلام  الاشةةلام
ذراتعٜح ًِسدح ذعلس طثٜعةح 
اهٌٖا اهٌرُةةةح فةةةٚ اهرشةةةلٜن 
لاظٔةةةار اهٜٔلةةةن الاُشةةةا ٚ 

 هوٌثِ٘

قطعةةح ًسةةثدح  48ٛرلةةٍٖ اهٜٔلةةن ًةةَ 
اه ِع  ٛرلٍٖ كةن ًِٔةا ًةَ عةم  ًةَ 
قطةةع ُثةةاخ اهثةةاًثٖ اهٌثرٕطةةح ًعةةا   

 ج-3( اهشلن 1لاحع ذف ٜن )
اخةةةةرعٌام اهٌٖ ٛةةةةٖم اهرلةةةةرارٙ فةةةةٚ 

 رخٜح ٕاهماخوٜح.اهر اًٜي اه ا

اخةةةر ماى اهرلِٖهٖخٜةةةا ًةةةَ  -
خةةةلام اهِ ةةةاى الاُشةةةا ٚ فةةةٚ 
اهعلاقةةةةةةاخ تةةةةةةَٜ اهعِا ةةةةةةر 
اه شةةةةةةثٜح  ةةةةةةٌَ ترُةةةةةةاًح 

 حاخٖتٚ  قٜق.
اعرٌا  اهرلِٖهٖخٜا اهرقٌٜةح  -

فةةةٚ  راخةةةح اهعٖاًةةةن اهثٜ ةةةح  
ًثةةن اهرٛةةاذ   لاحةةع اهشةةلن 

 ج-3

 

 votrongnghia.com   http//عن الباحث/ Wind and Waterروع مشتكنموجيا النظام الانشائي لوصف (: 1)استمارة 
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ج: تفاصٌل انشائٌة 
ورسوم توضٌحٌة فً 

البرنامج الرقمً 
المعتمد لتصمٌم الهٌكل 

الانشائً، ٌوضح 
النظام الحدٌدي الساند 

للهٌكل النباتً، 
والدراسة البٌئة للرٌاح. 

والانارة السقفٌة 
 والتهوٌة 

 Wind and Water  /https://www.google.comر توضيحية لمشروع  : صو 3شكل 

 

 

 

 المبنى ضمن الطبٌعة المحٌطة وتكامله معها أ: 
 

 المعتمدلهٌكل الانشائً وشبكة ا(، m 51مخطط افقً ٌوضح قطر المبنى ) :ب 
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   in Zaragoza 2008 Exibitionمشروع  ثانيا:
 Benedetta Tagliabue, Miralles Tagliabue EMBT- (B) تصميم:

(، Expo 2010ة سرقسطة في اسبانيا وقدم في مسابقة تصميم الجناح الاسباني في معرض )نفذ ىذا المشروع في مدين
 في شانغياي في الصين وفاز بالجائزة الاولى.

ترتكز فكرة التصميم الى تحقيق عمارة اكثر ارتباطا بالبيئة واكثر تكنولوجيا. يستكشف المشروع إمكانيات لا تعد ولا 
 بعد الحجمي والمادي والييكمي من سمة الخوص.تحصى لتقنيات نسج الخوص من ال

يتكون الييكل الانشائي من الإطار الأنبوبي الفراغي المزدوج لتشكيل الواجيات التي يمكن أن تمبي بفعالية لمتطمبات 
الأحمال المختمفة، وقد استخدمت نوعية شبو شفافة من منسوجات الألياف النباتية لتغميف الواجيات وتعريف الفضاءات 
الداخمية، مثل سلال الخوص، وخمق جو رائع من الضوء أقرب إلى الورق الشفاف والذي يمثل استعارة من بعض العناصر 

تطمب المشروع تعاونا كبيرا بين الفريق التصميمي  المتغيرة باستمرار عبر الضوء والظل. -المعمارية الاسبانية الإسلامية 
  (4شكل ) مق ىذا الشكل العالي التعقيد في الاشكال المنحنية الحرة.والانشائي، فان اختيار الييكل الملائم لخ

اعتمد الحل الانشائي برامج رقمية متخصصة استخدمت فييا نماذج ثلاثية الأبعاد معقدة وفرت نظاما للاتصال بين 
  Jodidio,2011, , pp270-275 .الفريق المعماري، والميندسين والشركات المصنعة في ورشات العمل

 .( لتفاصيل تكنموجيا النظام الانشائي2ظر استمارة )ان
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 رًز
  هىاد البنبء الفكزة التصويويت 

النظبم الانشبئي واليبث 
 الزقويت التكنىلىجيب التنفيذ

B 

 عبلويت-هحليت
من المشاريع الأكثـر اسـتدامة  -

مــــن الناحيــــة البيئيــــة ، ولكــــن 
فـــــــي الوقــــــــت نفســـــــو الأكثــــــــر 

 التكنولوجية
تطــــــوير تقنيــــــة  يتكــــــون عمــــــى -

ـــــة مـــــن  الحـــــرف الفنيـــــة اليدوي
الخــوص فــي ممارســة البنــاء. 
مــــــــــع مجموعــــــــــة الاليامــــــــــات 
الحجميـــــة والماديـــــة والييكميـــــة 
ـــــــي اســـــــتميمت مـــــــن ســـــــمة  الت
الخـــــــــــوص  وتقنيـــــــــــة صـــــــــــنع 

 السمة،، وىو تقميد محمي.
 

اســتعمال نســيج مــن الاليــاف  -
النباتيـــــــــــة  شـــــــــــبو الشـــــــــــفافة 
لتغطية الفضاءات الخارجيـة 

 لخارج.لربط الداخل وا

يتكــون الييكــل الانشــائي مــن  -
ــــــــــــوبي  ىيكــــــــــــل معــــــــــــدني انب
ــــــة( مغطــــــي  )اطــــــارات فراغي
بـــالواح نســـيج الخـــوص التـــي 
تغطـــي واجيـــة المبنـــى عمـــى 
وفـق تقنيـة الطـي. والتلاعـب 

 بالظل والضوء. 

اســـــــتخدام التكنولوجيـــــــا مـــــــن  -
خـــلال النظـــام الانشـــائي فـــي 
ــــــــين العناصــــــــر  العلاقــــــــات ب
الخشـــــــــبية ضـــــــــمن برنـــــــــامج 

 حاسوبي دقيق.
ــا  - امتــاز التصــميم بالتكنولوجي

الرقميــة فـــي تجــاوز العقبـــات 
 التعبيرية في تكوين الشكل.

 

 

-Jodidio,2011, , pp270 عن الباحث/ in Zaragoza Exibitionروع مشتكنموجيا النظام الانشائي لوصف (: 2)استمارة 
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Journal of Engineering Volume    20    May      -     2014 Number  5 
 

 

15 

 

 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 

 Kazakhstan’s new National Library)2009 6كازاخستان –مشروع المكتبة الوطنية في مدينة استانا ثالثاً: 
in Astana   :المعماريون تصميمBIG-(C) 

حديد" في المسابقة المفتوحة لتصميم المكتبة القومية  ءنافسييم "نورمان فوستر" و"زىاعمى م "BIG"فاز المعماريون"بيج"
 الجديدة لكازاخستان.والتي تضمنت تسعة عشر مشترك.

يمكن تصور المكتبة عمى انيا حالة من المعايشة بين المدينة والطبيعة. وىو ما ينطبق عمى مدينة استانا ايضا, فيي 
تعدى تصميم المكتبة عن كونو مجرد تحدي معماري, اذ ان المكتبة . لقمب كازاخستان الطبيعية تتوسط الفضاءات الخارجية

تمثل احدى الركائز المستقبمية لبناء امة كازاخستان, ومؤسسة رائدة تمثل اليوية القومية لمبلاد, وسوف تمثل مركزا فكريا 
 (5شكل ) .كازاخستانمتعدد الوظائف ومركزا ثقافيا ييدف اساسا لاعادة تاسيس وتطور 

وىي مكونة من شكل متوازي مستطيلات ينحني حول نفسو وحول مسار  متر مربع, 33000تم تصميم المكتبة بمساحة 
 والسقف, جدارالالمكتبة القومية الانماط اليندسية التقميدية لمتصميم المعماري مثل ويتجاوز تصميم  ائري في نفس الوقت,د

تصميم المكتبة القومية اربعة يدمج مرة اخرى.  بدورىا تصبح جداراً  رضيةوالا وره يصبح ارضية,الذي بد فيصبح الجدار سقفاً 

                                                           
6
 http://www.archdaily.com/33238/national-library-in-astana 

 in Zaragoza 2008   Exibition /,pp270-275  Jodidio,2011 صور توضيحية لمشروع  :4شكل 

 

 
 أ: الهٌكل الانشائً لسلة الخوص وتمثٌله الرقمً

 

 

ج: التكوٌن الشكلً للمعرض ٌوضح الواح الخوص فً 

 تغلٌف الواجهة 

 

 

 ب: مخطط  افقً ومقطع عمودي ٌوضح الهٌكل الانشائً

 

 

د: شفافٌة المواد البنائٌة ودورها فً تحقٌق الانارة 

 ة فً الفضاءات الداخلٌةالطبٌعٌة والحٌوٌ
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الدائرة والعجمة والعقد والخيمة حيث يتم دمجيم في  والمكان لتكون رمزا قوميا جديدا وىي نماذج اصمية عالمية عبر الزمن
وحماية الخيمة. لذلك يبدو تصميم المكتبة  واحتواء العقد, ء,الفنا والعجمة تخمق الدائرة في بساطة التكوين, صياغة واحدة:

  .(3لتفاصيل تكنولوجيا النظام الانشائي لاحظ استمارة ) .واصيل في نفس الوقت محميا وعالميا معاصرا, غير محدود بالزمن,
  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 /كازخستان -المكتبة القومية الجديدة -: صور توضيحية  لمشروع  :5شكل  

http://www.archdaily.com/33238/national-library-in-astana 
a 

 

 

 

 

 

 ج،د:مرونة الهٌكل الانشائً وشفافٌة الغلاف الخارجً ب: مخطط افقً ٌوضح نقاط استناد الهٌكل الانشائً

 مواد البناء الفكرة التصميمية رمز
الييكل الانشائي واليات 

 التكنولوجيا الرقمية التنفيذ

C 

 عالمية -محمية
خمــــــق مركـــــــز فكـــــــري متعـــــــدد  -

الوظائف يمثل اليوية القومية 
 لمبلاد.

دمـــــــج اربـــــــع نمـــــــاذج اصـــــــمية  -
عالميــة عبــر الزمــان والمكــان 
ــــــــــــــــــــــــــد(  )دائرة,عجمة,خيمة,عق

احد الركائز المستقبمية  لتكون
لبنــاء امــة كازاخســتان )مركــز 

 فكري(.
المعايشـــــــــــــة بـــــــــــــين المدينـــــــــــــة  -

 والطبيعة.

اعتمـــــــاد المـــــــواد الخرســـــــانية  -
المتطـــــــــــــورة التـــــــــــــي تمثـــــــــــــل 
الصـــــــــــــلابة فـــــــــــــي الييكـــــــــــــل 

 الانشائي الداخمي.
ـــة المجوفـــة  - الانابيـــب الحديدي

كاطــــــــارات فراغيــــــــة مغطــــــــاة 
ـــــي  ـــــة شـــــفافة ف ـــــالوح زجاجي ب

 القشرة الخارجية. 

نيــة عاليــة فــي ربــط ىياكــل تق -
انشــــــــائية صــــــــمدة واطــــــــارات 

 فراغية.
ــــدة   - ــــاء جدي وابتكــــار مــــواد بن

مرنة تعمل في بعـض اجـزاء 
المشـــروع فـــي اخفـــاء الييكـــل 
الانشــــائي الــــداخمي واظيــــاره  

 في الاجزاء الخارجية.

استعمال التكنولوجيـا الرقميـة  -
فـــــــي التصـــــــميم الافتراضـــــــي 
ــــــــذلك العقبــــــــات  متجــــــــاوزل ب

 شائية. التعبيرية والان
تحــــرر الشــــكل مــــن الثوابــــت  -

 التصميمية.

 

 www.archdaily.com /الباحث عن Kazakhstan’s National Library (: وصف تكنموجيا النظام الانشائي لمشروع3استمارة )
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  London  Olympics & Expo: 20127نللالعاب والمعارض الاولمبية في لند السحب مشروع : رابعاً 
 structures- Project Cloud  تصميم:Institute of  Architecture Massachusetts - (D) 
مشروع يشابو افلام الخيال العممي وفي نفس المكان الذي ارتفع فيو دخان المصانع عندما كانت لندن ورشة العالم في  

  ون معمما جديدا في مدينة لندن.السحب لتك حمقتوميد الثورة الصناعية 
عمى قمتيا فقاعات بلاستيكية تعمل بالطاقة الشمسية وتظير عمييا  متر 130ن ابراج شبكية ترتفع يتكون المشروع م

السحب لن تمثل اي اعباء عمى  صور وبيانات المتسابقين اثناء الالعاب الاولمبية لتبدو وكانيا منصة مشاىدة ومتنزه عام.
 حيث تعتمد عمى طاقة الشمس والرياح وحركة البشر داخميا. الوطنية شبكة الطاقة

مشروع السحب بغرض لفت الانتباه الى الرحمة الطويمة التي اجتازىا الانسان ...والمشروع عبارة عن منصة مشاىدة معمقة 
 .2012اولمبياد لندن  تفاستضا سحابة فوق الساحة الاولمبية التيفي السماء عمى شكل 

في النياية مقصد سياحي لكل محبي الترجل  يعمى النظم الرقمية في العرض والاتصال وى السحب في تكوينيعتمد ات
 ستراتفورد.الموقع في وركوب الدراجات والاستكشاف كما انو يوفر منظومة بيئية مائية تتوافق مع معالم 

. فيو عبارة عن مجموعة من احدث محيط بياكتسب اثرىا من السياق الوت المشروعتنبع القيم الجمالية والتصميمية في 
 .جو الفضاء الذي يحتضن جميع البشرلمتنوع السكاني في لندن ويسبح في  عقدةالتكنولوجيات التي تستخدم في البناء ويمثل 

ىذه ترتفع  يتكون المشروع من شبكة مركزية من الاعمدة تعمل كمحاور حركة وتتدلى من السماء كافرع شجرة البنغال و
 (6شكل ) عمدة الى الاعمى وتقسم الى منصات مشبكية خفيفة الوزن داخل بالونات منتفخة ومكثفة وشفافة.الا

 حيثالى حمقات من المنصات الاخرى يخرج الزوار لمسير فوق المشروع  وعند الحواف ىذه البالونات سحب تؤدي 
الحرارة الداخمية ممايسمح باعادة تجميع البالونات  تتنوع اوضاعيا ومساراتيا عمى حسب درجةتجمعات متفرقة من البالونات 

 تكسر السحابة الحاجز التقميدي بين البشر والمشروع فالبشر ىم اساس المشروع وىم ىدفو في نفس الوقت. وتكوينيا.
 التي تكثف صور العرض في الداخل لتتحول البالونات الى شاشات ومعمومات LED8البالونات المنتفخة بنظم تم تثبيت 

في يتضمن المشروع منيجا مختمفا تماما عن المبادئ الديكارتية بذلك  يتصفحيا الزوار اثناء تواجدىم في اي مكان في لندن.
وبذلك  LEDمجال معمق يتكون من اشارات مكثفة من  من خلال)العرض المكاني(  الرياضيات حيث يتم العرض بنظام
عوامل الحركة ودرجة الحرارة والمعمومات من خلال شبكة متكاممة داخل  يتم التحكم بكل يمكن رؤيتيا من كل المجالات...

 .(4)  استمارةلاحظ  المشروع.
 
 
 
 
 
 
 

                                                           
7
www.insidethegames.biz/olympics/...olympics/2012/ 

8
الديودات الباعثة لمضوء   
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تعمل اليياكل المنشئية التي ترفع : ب
السحب كفضاءات لمفعاليات الترفييية ، 
وتسمح لمزائرين، وتتحول ليلا الى سطوح 

 لعرض فعاليات الالعاب الاولمبية. 

 

 الييكل الانشائي الكمي لمفقاعات وانواع تجميعيا : ج

أ: فكرة المشروع ان ترتفع السحب لتغطي سماء المشروع 
 والمدينة

  

 / London Olympics Cloud Project  ميمية لمشروعصور توضح الفكرة التص: 6 شكل

www.insidethegames.biz/olympics/...Olympics/2012/ 

 

 A :قٖج اهضغظ  

قٖج اهضغظ  :B        
 C :قٖج اهدص 

  

 

ىيكل منفاخيمن الخلايا : مكونات الييكل الانشائي
 الشفافة، الكيبلات واليواء المضغوط .

 الانشائي لمفقاعات د.تحميل الييكل 

 

 الزقويت التكنىلىجيب الهيكل الانشبئي واليبث التنفيذ هىاد البنبء الفكزة التصويويت رًز

D 

 عبلويت -هحليت

ًِ ح ًشآمج ًعودح 

اهسٌاق عو٘ شلن فٚ 

خحاتح ًٖقعْ فٚ 

اهساحح الإهٌثٜح 

. ٌَ 2010لإهٌثٜا  

 ًرِزّ عاى. ًشرٕع

ًد م خٜاحٚ هلن ًحثةٚ  -

 اهررخن ٕركٖب اهمراخاخ.

اهثشةةةر اخةةةار اهٌشةةةرٕع  -

 ٕٓمفْ فٚ ُفس اهٖقد.

اخرعٌام اهٜٔاكن اهحمٛمٛح فةٚ الاتةراج 

اهشةةةةثلٜح ًةةةةع اهفداعةةةةاخ اهثلاخةةةةرٜلٜح 

اهدٌاهٜةةةةةةح  اهشةةةةةةفافح هةةةةةةٜعلس اهدةةةةةةٜي

اهر ٌٌٜٜح ٕذلرسة اثرٓا ًةَ اهسةٜا  

اهٌحةةةٜظ تٔةةةا  ةةةٌَ اهرراتطةةةاخ تةةةَٜ 

اهةةةِ ي الاُشةةةا ٜح )اهٌِفاخٜحئاهغشةةةا ٜحئ  

 الاطاراخ اهٜٔلوٜح(.

ذعرٌةةم عوةة٘ طاقةةح اهشةةٌس -1

ٕاهرٛةةةةةةاذ ٕحركةةةةةةح اهثشةةةةةةر 

  اخؤا.

ٛعرٌةةم عوةة٘ اهةةِ ي اهرقٌٜةةح -2

 فٚ الاذ ام.

 

 structures - Cloud Project London  Olympics & Expoروع مشلانشائي لتكنموجيا النظام اوصف (: 4)استمارة 
 /http://www.raisethecloud.orgعن  /الباحث
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 Busan Cinema Complex - 2012 9مجمع سينمائي في مدينة بوسان : خامساً 
 Coop Himmelb - (E)من شركة  Wolf D. Prix & Partne تصميم

المفيوم الأساسي  ، كان2012، وتم الانتياء من تنفيذ المشروع عام 2005صمم ىذا المشروع في مسابقة معمارية عام 
 (7) الخاصة. شكلليذا المشروع الخطاب حول تداخل المساحات المفتوحة والمغمقة والأماكن العامة و 

ن السينمائي الدولي حيث يشيرالمبنى إلى وجود اقترحت الشركة المصممة مبنى بوسان لمسينما و لاقامة ميرجان بوسا
تقاطعات جديدة بين الفضاء العام والبرامج الثقافية، والتكنولوجيا، واليندسة المعمارية ضمن المشيد الحضري بوصفيا رموز 

كنولوجية عمى انشاء بلازا في أربع مناطق متداخمة ضمن مشروع تندمج فيو التقنيات التفكرة  الثقافة المعاصرة. تنص ال
 . والمعمارية لخمق بلازا حضرية حيوية ضمن الفضاء الخارجي

كعناصر سقفية  (SPACE FRAMEيعكس الييكل الانشائي لممشروع التكنولوجيا الحديثة لنظم  الاطارات الفراغية )
مرتين لطول  متر مقاربا في تصميمو 85تستند عمى قاعدة مخروطية مزدوجة من جية واحدة ، ويظير السقف كبروز يمتد 

، يثبت الييكل المخروطي السطح من جية واحدة ، ويغمف كعمود من شبكة معدنية شعرية وىنا ".Airbus 380جناح طائرة 
 يشير المصمم الى ان التصميم عمى وفق مبدأ جناح الطائرة سوف يمغي الحاجة الى الاعمدة.

،  تغطي LED( من خلال الواح الطاقة VIRTUAL  SKYتم اعتماد التصميم الافتراضي لخمق سماء افتراضية )
المدخل والمسرح المدرج المفتوح ليعكس الفضاء الحضري العام المستمر والمتعدد الوظائف لتعكس الثقافة المعاصرة، ولخمق 

 ( لتفاصيل تكنولوجيا النظام الانشائي.5لاحظ استمارة )حياة حضرية تتسم بالحيوية ليلا، وتبقى مرئية خلال النيار.
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 رًز
 هىاد البنبء الفكزة التصويويت

الهيكل الانشبئي واليبث 
 الزقويت التكنىلىجيب التنفيذ

E 

 يتعبلو

عمى انشاء فكرة  تنص ال -
بلازا في أربع مناطق 

متداخمة ضمن مشروع تندمج 
فيو التقنيات التكنولوجية 
والمعمارية لخمق بلازا 
حضرية حيوية ضمن 

 .لخارجيالفضاء ا
تداخل المساحات المفتوحة  -

والمغمقة والأماكن العامة 
ة في البيئة والخاص

 الحضرية.

اعتماد الييكل الكونكريتي   -
بنية الداخمية)الجدران في الا

 والسقوف(.
استعمال الييكل الحديدي  -

في تسقيف الفضاءات 
 المفتوحة.

استعمال الكيبلات الحديدية  -
 في الشد والتعميق

نظم  الاطارات اعتماد  -
 SPACEالفراغية )
FRAME في تسقيف )

الفضاءات الواسعة 
كعناصر سقفية  , المفتوحة

تستند عمى قاعدة مخروطية 
عمود من ك ويغمف مزدوجة

تغطى   شبكة معدنية شعرية
بالواح شفافة تظير الييكل 
الانشائي  اضافة الى الواح 

غير شفافة في السطوح 
ذ فٚ اهٜٔلن  الخارجية

 الاُشا ٚ.

اعتماد تقنية خفة المواد  -
  .الانشائية  في السقوف

عتماد التصميم الافتراضي ا -
 .لخمق سماء افتراضية

(VIRTUAL  SKY من )
 .الطاقة خلال الواح

اعتماد تكنولوجياالبرامجيات  -
في تشكيل القطع المتكررة 

 .في الاشكال المخروطية

 

 http://www.archdaily.com عن الباحث/ Busan Cinema Complex روعمشتكنموجيا النظام الانشائي لوصف (: 5)استمارة 
 



Journal of Engineering Volume    20    May      -     2014 Number  5 
 

 

20 

 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
  
 
  

 Crystal Island building project in)201310-2005مشروع مبنى جزيرة الكرستال في موسكو  ) :سادساً 
Moscow   ،:تصميم Norman Foster - (F) 

سنة من  40يمثل علامة فارقة في تاريخ ، الأكثر طموحاً و المشاريع البنائية في العالم اكبر جزيرة الكريستال ىو احد 
ت التوجيايجسد عمى مدار السنة لموسكو و دينامية جديدة في المناطق الحضرية وجية المشروع خمق يالممارسة الانشائية. 

لمتعاقد متعدد الاستخدامات، التخطيط المستدام لممدينة مع استراتيجية الطاقة  اً نموذجيمثل المشروع . في التصميم المستدامة
 .الذكيةالمبتكرة و 

يوفر التصميم امكانية دمج الفضاءات الداخمية لممبنى مع فضاءات الحديقة المحيطة، التي من شأنيا أن توفر مجموعة 
 (8مدار السنة، مع التزلج والتزحمق عمى الجميد في الشتاء. شكل ) من الأنشطة عمى

مترا(. يحتوي المبنى عمى عدد  450متر مربع( ، وعمى ارتفاع ) 2500000كون المساحة البنائية )تمن المقرر أن 
 .طالب 500ـولية لوافر من المعارض الثقافية،، والأدائية، والفنادق والشقق والمساحات المكتبية، فضلا عن المدرسة الد

                                                           
10

 http://www.dezeen.com/2008/01/02 

 

 

 

 
 ب : تفاصٌل تكوٌن نظام التسقٌف 

 قاعدة مخروطٌة مزدوجة  

 

 .Busan Cinema Complex/http://english.visitkorea.or: ر توضح الفكرة التصميمية لمشروع: صو 7شكل 

 أ: الهٌكل الانشائً للفضاء المفتوح 

 قاعدة مخروطٌة

 م 51هٌكل حدٌدي بطول 

 ج: تداخل المساحات المغلقة والمفتوحة 

 LEDفتراضً للسقف بالواح هـ: التصمٌم الا د: البلازا الرئٌسٌة فً المشروع

http://en.wikipedia.org/wiki/Norman_Foster,_Baron_Foster_of_Thames_Bank
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متر، لتشكيل  450يتكون الييكل الانشائي من ىياكل حديدية عملاقة الأبعاد ، ترتفع البنية الفوقية بشكل الخيمة إلى 
"الغلاف الثاني" والطبقة العازلة الحرارية  مع تدرح المساحات الداخمية  لحماية المبنى الرئيسي من الجو الخارجي، اذ يتم 

 (6لاحظ استمارة )اني في فصل الشتاء لتقميل فقدان الحرارة، ويفتح في الصيف.اغلاق الغلاف الث
 
   

 
 
 
 
 
 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Crystal Islan building project /http://www.dezeen.com  لمشروع : صور توضيحية8شكل 

 

 
 

 

 أ: الخلاٌا الشمسٌة المتحركة فً الغلاف الخارجً

 د: الدراسة الرقمٌة للمعالجات البٌئٌة ج: تكامل المشروع مع البٌئة الطبٌعٌة المحٌطة

 ب: اعتماد شكل الخٌمة فً النظام الانشائً

 الزقويت التكنىلىجيب الهيكل الانشبئي واليبث التنفيذ هىاد البنبء الفكزة التصويويت رًز

F 

 عبلويت -هحليت

جزيرة الكريستال ىو احد  -
المشاريع البنائية في العالم 

الأكثر طموحا ودينامية 
جديدة في المناطق 

الحضرية. بل ىو نموذج 
ستخدامات، لمتعاقد متعدد الا

التخطيط المستدام لممدينة، 
مع استراتيجية الطاقة 

 .المبتكرة والذكية

اعرٌا  اهلُٖلرٛد ًا ج  -

تِا ٜح اخاخٜح فٚ اهٜٔلن 

 اهماخوٚ.

اهحمٛم ًا ج اخاخٜح فٚ  -

 اهدشرج اه ارخٜح.

اهٌٖا  اهششفافح فٚ  -

ذغوٜف اهٜٔلن اهحمٛمٙ 

 ٕاظٔار اهشلن. 

يتكون الييكل الانشائي من  -
حديدية عملاقة الأبعاد ىياكل 

، ترتفع البنية الفوقية بشكل 
الخيمة، لتشكيل "الغلاف 
الثاني" والطبقة العازلة 
الحرارية لحماية المبنى 

 .الرئيسي

امتاز التصميم    -
بالتكنولوجيا الرقمية في 
تجاوز العقبات التعبيرية 

وتجاوز العقبات الانشائية 
لاخراج الشكل المعماري 

 المتميز.

 

  http:// www.dezeen.comعن  الباحث / Crystal Island building project روعمشتكنموجيا النظام الانشائي لوصف (: 6)ارة استم
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 الاستنتاجاتالنتائج و  -5
توضيح و ، لكل مشروع في استمارة خاصة تنظيم الشروحاتو ي مفردات الاطار النظر تحميل المشاريع عمى وفق  بعد

(، ليتم 2)م تحديد المفردات المتحققة في جدول مفردات الاطار النظري جدول ت ،يةلمنشئأمفردات تكنولوجيا النظم 
 .استخلاص اىم الاستنتاجات

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 أبعاد تكنولوجيا النظم المنشئية 
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A * *   *   * *    *       *  *  

B * *  * *  *  *      *  *  * * *  * 

C * *     *  *    *  *  * *   * * * 

D     *   *      *  * *   *  *  

E * *  * *   *      * * *   * *  *  

F  *   * * *    *   * *   * *  * * * 

 

 احثب/ المصدر : ال في المشاريع المنتخبةري ظالاطار الن تطبيق: (2)جدول 
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  النهبئيت الاستنتبجبث -6

 كنولوجية.لظيور مواد بنائية جديدة بتجميات تعبيرية تعكس الامكانات الت مجالاً  المنشئيةوفرت التقنيات الحديثة في النظم  .1
المرنة النتاج المعماري من سيادة الأشكال  المنشئيةمن خلال تكنولوجيا صناعة المواد  لمنشئيةأحررت تكنولجيا النظم  .2

 .البسيطة
 اشكال وفضاءات معمارية شكمية وانشائية غير محدودة، يمكن تمثيميا بصرياً  المنشئيةأخرجت التكنولوجيات الرقمية لمنظم  .3

 .التقميديةمن تصميم الاشكال  لاقات ترابطية وقوانين ضمن مفيوم النظام، مستجدة أكثر تحرراً بعناصر انشائية وع
والتكنولوجيات الرقمية تزداد العناصر الإنشائية والمعمارية خفة وشفافية، كما  المنشئيةمع ازدياد امكانية تكنولوجيا النظم  .4

 ك الصفات لتحقق أىدافاً تشكيمية وتكنولوجية.أن بعض العناصر تصبح قادرة عمى تغيير صفاتيا وتتغير تم
 وفرت التكنولوجيا الرقمية تجاوز العقبات التعبيرية والانشائية من خلال البرامج المتخصصة في التمثيل الشكمي. .5
باستثمار المواد الانشائية المحمية التي  المنشئيةيمكن تحقيق الخصائص المكانية من خلال اعتماد تكنولوجيا النظم  .6

 صوصية المحمية.تجاه العالمي والعولمة لتاكد الخكس خصوصية المكان، وبيذا تتحرر التكنولوجيا من الاتع
، التي ساىمت في تجاوز الحدود بين ساىم تطور تكنولوجيا المواد في دعم الخصائص الفنية لمواد البناء كالشفافية .7

  الداخل والخارج، واظيار النظام الانشائي كنتاج معماري.  
ستغلال القشرة الخارجية لممبنى في توليد ، لا LEDعدت تكنولوجيا النظم المنشئية في تطوير الالواح الشمسية والواح سا .8

 الطاقة او كسطوح افتراضية، وفي تحقيق معالجات بيئية متميزة .
 
 المصادر -7
 ترجمة  نياد العبيدي،الدار العربية، بغداد.، الكون المرآة :1986بريجز، جون،  -1
، مجمة عالم الفكر، المجمد الثامن، العدد الرابع، وزارة  اتجاىات جديدة في الفكر التنظيمي: 1978، عمي،السممي -2

 الاعلام ، الكويت
، رسالة ماجستير غبر منشورة، اثر التكنولوجيا عمى العمارة العراقية المعاصرة: 2004الشابندر، منورة صباح،   -3

 رية،بغداد،.الجامعة التكنولوجية، قسم اليندسة المعما
، المجمة العراقية لميندسة المعمارية /  التكنولوجيا والنظام التواصمي :2001العمي، خميل ابراىيم والامام، محمد،  -4

 السنة الاولى/، العدد الاول، الجامعة التكنولوجية ،.
الاتصالات  شركة في نالعاممي أداء عمى المحوسبة الإدارية المعمومات نظم أثر: 2009إبراىيم،  أحمد العمري، أيمن -5

،  منشورة عمى الموقع الالكتروني  التجارة،غزة، الإسلامية، كمية الجامعة،  رسالة ماجستير، الفمسطينية
www.iugaza.edu.ps 20/12/2013، اخر زيارة لمموقع في 

, رسالة نشائي عمى الشكل المعماري للابنية الضخمةأثر برامج التحميل الا :  2008العزاوي، رشا نوفل فاضل  -6
 ماجستير غير منشورة، كمية اليندسة، جامعة النيرين، بغداد

منشورة عمى  المرقب، ليبيا، جامعة اليندسة، كمية ،نالواقع الافتراضي لمعمارة والعمرا :2009ىاشم عبود الموسوي  -7
 20/12/2013ارة لمموقع في ، اخر زي /http://www.alnoor.seالموقع الالكتروني 

, اطروحة دكتوراه غير منشورة، جامعة بغداد ، كمية اليندسة، قسم  العمارة والتكنولوجيا : 2003ىوشيار قادر،  -8
 اليندسة المعمارية.
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