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ABSTRACT 

      This study investigated the ability of using crushed glass solid wastes in water filtration by using a pilot 

plant, constructed in Al-Wathba water treatment plant in Baghdad. Different depths and different grain sizes 

of crushed glass were used as mono and dual media with sand and porcelaniate in the filtration process. The 

mathematical model by Tufenkji and Elimelech was used to evaluate the initial collection efficiency η of 

these filters. The results indicated that the collection efficiency varied inversely with the filtration rate. For 

the mono media filters the theoretical ηth values were more than the practical values ηprac calculated from 

the experimental work. In the glass filter ηprac was obtained by multiplying ηth by a factor 0.945 where this 

factor was 0.714 for the sand filter. All the dual filters showed that ηth was less than ηprac. Whereas the dual 

filter 35cm porcelanite and 35cm glass showed the highest collection efficiency. To obtain ηprac in the dual 

filter glass and sand, ηth  is multiplied by 1.374, as for the dual filters porcelanite and glass the factor was 

1.168 and 1.204.  

  :الخلاصه
حون كماده مرشحه في محطات تصفية مياه الشرب وذلك         تضمن البحث دراسة امكانية استخدام النفايات الصلبه مثل الزجاج المط             

حيث استخدم الزجاج المطحون بـاطوال واحجـام مختلفـه          ،  في مشروع ماء الوثبه في مدينة بغداد       ة ريادي ةعن طريق بناء منظوم   

لتقيـيم   Tufenkji and Elimelech تم اعتماد النموذج الرياضي. كمرشح احادي وكمرشح ثنائي مع الرمل وكذلك مع البورسلينات

فـالقيم  ،  للمرشحات الاحاديـه   ة كانت اكبر من القيم العملي     ةحيث اظهرت النتائج ان القيم النظري     ،  للمرشحات   ةكفاءة الازاله الابتدائي  

 بينما في حالة المرشـح الرملـي يـستخدم           0,945 بمعامل   ةالعمليه للمرشح الزجاجي يمكن الحصول عليها من ضرب القيم النظري         

 حيث اقوى معامل كـان      ة الابتدائي ةزال لكفاءة الا  ة اقل من القيم العملي    ة فقد كانت القيم النظري    ةاما المرشحات الثنائي  ،  0,714المعامل  

 تضرب القيمه النظريه بمعامـل      ة العملي ة الابتدائي ة على كفاءة الازال   للحصولو، سم زجاج   35ورسلينات و   ب سم   35للمرشح الثنائي   

 1,204 و 1,168  الثنائي من الرمل والزجاج  اما المرشحات من الزجاج والبورسلينات تستخدم المعاملات               بالنسبه للمرشح  1,374

.  
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INTRODUCTION 
 
      Glass can be crushed to meet different gradation 

specifications which allow it to be used in such filters. 

Because glass is amorphous and has no internal crystal 

structure, the particles are homogenous and have no grain 

boundaries. This gives glass more resistance to break down 

through filtration and backwashing cycles. Furthermore, the 

lack of grain boundaries minimizes cracks where bacteria 

can lodge and resist flushing in backwashing. Glass 

particles have a slight negative charge on their surface, 

which tends to hold onto fine particles during the filtration 

cycle. Upon backwashing, this weak charge apparently 

releases these fine particles to the effluent thereby 

contributing to a better filtration process. Theoretically, one 

could see that less washing water is required, owing to the 

better permeability in glass filters (CWC, 1997).    

      Glass is a product of the super-cooling of a 

melted liquid mixture consisting primarily of sand 

(silicon dioxide and sodium carbonate) to a rigid 

condition. This material does not crystallize; and when 

the glass is crushed to a size similar to natural sand, it 

exhibits properties of an aggregate material. Coarse 

angular material is effective in trapping dirt and 

impurities in the filters for water treatment and offers a 

greater filtration power than sand. Glass grains are less 

porous and do not saturate itself compared to traditional 

sand (do not form a cake in the filter) (Opta Minerals 

Inc., 2008).  

   
INITIAL COLLECTION EFFICIENCY ηo 
 
    The performance of a filter is expressed in 

terms of the single collector (grain of the filter 

media) efficiency (ηs) which is defined as the ratio 

between the quantities of particles in contact with 

the collector and the flow rate. There are two 

theoretical methods for calculating the particles 

deposition rate on the collectors from the flowing 

suspension, the Lagrangian and Eulerian methods. 

The Lagrangian method describes the trajectory of 

the particle approaching the collector which is 

governed by Newton’s second law, while Eulerian 

method describes the particles concentration in 

time and space. The trajectory analysis is limited 

to non Brownian particles as it can not include the 

effect of diffusion .In the Eulerian approach, the 

difficulty of accounting for Brownian effects is 

eliminated. (Jegathesan, 2007).  The total amount 

of mass particles that a filter can retain will 

depend on the initial collection efficiency ηo , the 

determination of the initial collection efficiency ηo 

is important in predicting the performance of a 

clean bed filter, which can be calculated by the 

following equation (Jagatheesan, 2007) 

 

[Ce/Ci]=exp[(-3/2)×(1-ε) ×α ηo ×L/ac]                          
                                                               (1) 
 
where 

Ci =Influent particle concentration into the filter 

(mg/l) 

Ce =Effluent particle concentration from the filter 

(mg/l) 

 L=Depth of filter (m) 

 ε =Porosity 

ηo = Initial Collection Efficiency 

ac =Radius of the filter grain(m) 

α =Is The ratio between the number of contacts which 

succeeded in producing adhesion and the number of 
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collisions which occur between suspended particles and 

the filter grain.Ideally , α is equal to unity in a 

completely destabilized system. 

    Equation 1 provides the basis for determining 

ηo from the results of the experimental work 

(Yongwon and Tien,1989). 

     The basic mechanisms for transporting 

particles to a single collector are: 

 
 Interception  

 
     Particles remaining centered on the streamlines, that 

pass through the collector surface by a distance of half 

or less than the particle diameter will contact the 

collector and will be intercepted. For laminar flow, 

spherical particles and spherical collectors, particle 

transport by interception is given by the following 

expression (Yao et al., 1971): 

       ηI =(dp/ dc)                                            (2)          

Where: 

 ηI =Transport efficiency due to 

interception (dimensionless) 

  dp= Particle diameter (m)  

 dc= Filter grain diameter (m) 

 

Inertia  

 

      In general as fluid streamlines curve around the 

collector, particles can deviate from the streamline and 

continue downward to contact the collector due to 

inertial forces. Inertia is important in air filtration 

systems, but is insignificant in water filtration and 

collection efficiency. Inertia force has been ignored as it 

is difficult to calculate, and require numerical solutions 

for determination. 

 

Sedimentation  

  
       Particles with density significantly greater 

than water tend to deviate from fluid streamlines due to 

gravitational forces. The collector efficiency (as a result 

of gravity) has shown to be the ratio of stokes settling 

velocity to the superficial velocity (Yao et al., 1971) as 

shown in the expression:  

 

ηg =[ (ρP –ρ) dP 
2g]/[18 µ Us]                                   

                                                                            (3) 

   ηg =Transport efficiency due to gravity 

(dimensionless) 

  g=Gravitional acceleration,m/s2 

Us = Settling velocity (m/s) 

    µ, ρ =Water viscosity(kg/m.s), water 

density(kg/m3) respectively 

    ρp  dP =Particle density(kg/m3), particle 

diameter(m) respectively 

 
Diffusion  
  
          Particles are influenced by Brownian 

motion and will deviate from the fluid streamlines 

due to diffusion. The transport efficiency due to 

diffusion is given by the following expression 

(Levich, 1962): 

 ηpe=Us dc /DBM                                               (4)     

                                                                                

DBM=CsKT/3πµ dP                                                                 (5)        

                                                                                                                            

 ηpe =Transport efficiency due to diffusion ( 

related to the Peclet number) 

 Us = Superficial velocity (m/s) 

  dc =Filter-grain diameter(m) 

DBM=Brownian diffusivity 

 Cs =Cunningham s correction factor                 

Cs  =1+ Kn[1.257+0.4 exp (-1.1/Kn)]                     

                                                                            (6) 
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  Kn=0.06 µ/( dp /2)                   

  K = Boltzmann constant, 1.381  10-23 j/k                             

     T=Absolute temperature, K 

(273 +C). 

    dp =Particle diameter(m)  

     µ= water viscosity (kg/m.s) 

Different models were developed to describe the 

performance of the filtration process in water 

treatment.   

   Yao et al.,1971 developed a model  based on an 

isolated single collector in a uniform flow field . 

The accumulation of particles in the filter is the 

product of the total number of collector and the 

accumulation of particles on one single collectors. 

They developed a filtration coefficient related to η 

and α taking in to account porosity, particle size, 

and depth of the filter.     The Yao filtration model 

may under estimate the number of collisions 

between particles and collectors when compared 

to experimental data  . Several attempts were 

performed to refine the Yao model by using 

different flow regimes or adding more transport 

mechanisms. Rajagopalan and Tien (1976) 

developed a fundamental depth filtration .This 

model correlates to the experimental data more 

significantly than other models and it is 

considered more accurate (Logan et al., 1995).  

Rajagopalan and Tien presented an approximate 

expression of  the initial collector efficiency, ηo, 

as in the following expression: 

ηo =1.5 As(1-ε)2/3 NR
2[2/3 NLo

1/8  NR
-1.8+ 

2.25*10-3 NG 1.2 NR
-2.4  

+4(1- ε)2/3 As
1/3   Npe -2/3                                               (7)               

                                                                                                  

 Where: 

  ηo =Initial collector efficiency  

              As= Porosity function (dimensionless)   

               NR= ηI (dimensionless)  

               NG=ηG (dimensionless) 

  NPE: Peclet number defined as Us 

dc/DBM  

NLo= London force parameter, defined as H/(9 π µ 

ap
2 Us 

 H = Hamaker constant describing Van der Waals 

forces. Its value ranges from 10-19 to 10-20 J  

 ap = radius of partical            

 The RT model can be used to demonstrate the 

effect of specifying filter media with a low 

uniformity coefficient.  

 Bai and Tien in 1996 developed a correlation for 

the initial  filter  coefficient under unfavorable 

surface interactions. By applying  Bukingham π 

theory,α is shown to be  a function of eleven 

dimensionless parameters. Further, by conducting 

partial regression analysis to available 

experimental data, only four of the eleven 

dimensionless parameters were found to exert 

strong influence on α. 
α =10 -0.2.9949( NLo)0.8495(NE1 )-0.2676( NE2 )3.8328(NDL )1.6776 

                                                                  (8) 

where, NLo is the London number, NE1 first 

electrokinetic parameter, NE2 second 

electrokinetic parameter and NDL is the double 

layer force parameter.  

        Cushing and Lawler in 1998 presented an 

expression based on their respective trajectory 

calculation results. The expression is: 

 

(ηs)o =0.029 NLo
0.012 NR

0.023 

+0.48 NG 1.8 NR
-0.38                                           (9) 

         The correlations of Tufenkji and Elimelech 

in 2004 were based on the numerical solution of 
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the convective diffusion equation and gave the 

following expression (Tien and Ramarao, 2007) 

 (ηs)o =2.3644 As
1/3 NR

-0.029NLo
0.052  NPE 

—0.633+0.5306 As NR 1.675 NLO
0.125+ 

0.2167    NR -0.187   NG
1.11NPE

0.053  NLO
0.053                   

                                                                      (10)    

     Where NR<0.02 

                                                          

 
 
  

EXPERIMENTAL WORK  
 

     A pilot plant was constructed in Al wathba 

WTP to test the filtration processes using crushed 

glass as mono and dual filter media. The plant 

consisted of three filtration columns of a diameter 

10cm and height 150cm to hold 70cm filter 

media. The influent to these filters was the 

effluent from the sedimentation tank in the plant 

(the same water flowing to the existing rapid sand 

filters). The sets of experimental runs were 

performed on different types of filters as shown in 

figures 1 and 2. Filter No.2 in the two sets is the 

sand filter with the same media used in the plant.  

The filtration rates of each filter in the pilot unit 

were maintained as the same rates of the filters 

used in the plant; on a constant rate basis 

(Kawamura ,2000). The filtration runs were 

carried out at filtration rates 5, 10 and 15 m/hr.   

Samples of the influent and effluent were 

collected for turbidity measurements at certain 

time intervals during each run.   

  

THE THEORETICAL INITIAL 
COLLECTION EFFICIENCY FOR 
EACH FILTER 
 

     The mathematical model suggested by Tufenkji and 

Elimelech (Tien and Ramarao, 2007) was used to 

determine the initial collection efficiency as follows: 

The model is: 

  (ηs)o  =2.3644 As
1/3 NR

-0.029NLo
0.052  NPE

—0.633+ 

0.5306 As NR 1.675 NLO
0.125+0.2167      

   NR -0.187    NG
1.11NPE

0.053  NLO
0.053                                               

                                                                                                                (11)   

 Where NR<0.02 

(ηs)o =Initial collector efficiency for single 

collector 

As = Porous function which is Happels parameter 

defined as 2(1-p5)/w 

P=(1-ε) 1/3    

                                                                                                    (12) 

w=2-3p+3p5-2p6    

                                                                         (13) 

NR: Interception parameter, defined as dp / dc 

 

NLO: London force parameter,  

defined as H/(9πµ ap
2 Us)                                 (14) 

 

NPE: Peclet number defined as Us dc /( DBM )                         

                                                                          (15) 

                                                                 

NG: Gravitational parameter, defined as [ (ρp - ρ) 

dp
2g]/(18 µUs)                                                   (16) 

 

The values of initial collection efficiencies obtained 

from the mathematical model were compared with the 

practical values obtained from the equation: 

Ce / Ci =exp[(-3/4)(1-ε) α ηo L/ aC]                                             

                                                                            (17)                    

Where : 

Ce and Ci  are the effluent and influent concentrations 

respectively. 
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    The theoretical initial efficiency was determined by 

applying this model ( equation 10) for the filters in Set 

No.1 and Set No.2, representing the different types of 

filters of the pilot plant.  

The practical initial efficiency was calculated using 

equation 17. the results are shown in tables 1 to 6 for 

each filter in the two sets at different flow rates 5,10 

and 15 m/hr, taking in to accounts the variation in 

temperature during the period of the experimental 

work. 

 

 

RESULTS AND DISCUSSION 
     The results in tables 1 to 6 show that  ηth and 

ηprac decreases as the filtration rate increases. 

Increasing the filtration rate will increase the 

hydraulic shear force which tends to push the 

suspended particles deeper in the filter and may 

carry them out by the effluent. Also high 

velocities in the pores will lead to higher scour 

effects on the deposited particles (Cleasby et 

al.,1992). 

 For the mono media filters in the two sets the 

values of ηth were more than  ηprac . In sand 

filters ηprac could be obtained by multiplying ηth 

by a factor 0.714 for set No.1 and by a factor 0.55 

for set No.2, this difference may be due to the 

variation in temperature. Where the measurement 

of set No.1 were in a colder  climate 10-15 C and 

for set No.2 20 C. The factor for the glass filter 

was 0.945. 

    All the dual filters show that  ηth is less than 

ηprac. Filter No.1 in set No.2 showed the higher 

collection efficiency than the other two dual 

filters.  

    The higher percentage of coarse grains per unit 

filter depth leads to low numbers of filter media 

grains per m2 which will cause a significant 

reduction in the total surface area of filter media 

in a unit area so a clear reduction in the removal 

of suspended solids indicated here as the 

collection efficiency (Letterman,1987). For the 

dual filter glass and sand No.3 in set No.1, ηth is 

multiplies by 1.374 to obtain ηprac. For dual 

filters glass and porcelanite in set No.2 ηth is 

multiplied by 1.168 for filter No.1 and by 1.204 

for filter No.3 

CONCLUSIONS 
     The collection efficiency varied inversely with 

the filtration rate. For the mono media filters the 

theoretical values were more than the practical 

values calculated from the experimental work. In 

the glass filter ηprac is obtained by multiplying 

ηth by a factor 0.945 where this factor was o.714 

and 0.55 for the sand filters. All the dual filters 

showed that ηth was less than   ηprac. Whereas 

the dual filter 35cm porcelanite and 35cm glass 

showed the highest collection efficiency. 

To obtain ηprac in the dual filter glass and sand, 

ηth  is multiplied by 1.374, as for the dual filters 

porcelanite and glass the factors was 1.168 and 

1.204.  
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Figure 1 Set No.1                       
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filterNo.1                filter No.2                    filter No.3                                                     

Figure 2 Set No.2                           
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 Table 1 Results of Set No. 1, Filter No. 1                                            

Filtration Rates Parameters 
15m/hr 10m/hr 5m/hr Us  
15oC 13oC 11oC T  
37% 37%  37% ε  
0.825 0.825 0.825 p 
0.04 0.04 0.04 w 

30.891 30.891 30.891 As 
4.629*10-3 4.629*10-3 4.629*10-3 NR 
1.192*10-7 1.665*10-7 3.117*10-7 NLo 
7.626*10-14 7.053*10-14 6.554*10-14 DBM 
59008655 42535091 22886787 Npe 
5.136*10-3 7.174*10-3 0.0134 NG 

67.208 82.664 81.458 E 
2.20*10-3 3.38*10-3  3.61*10-3 ηth* 
2.04*10-3 3.20*10-3 3.48*10-3 ηprac** 

  
 

Table 2 Results of Set No. 1, Filter No. 2                          
  

Filtration Rates Parameters 
15m/hr  10m/hr 5m/hr Us 
15 oC 13 oC 11 oC T 
37% 37% 37% ε  
0.857 0.857 0.857 p 
0.023 0.023 0.023 w 
23.379 23.379 23.379 As 

4.784*10-3 4.784*10-3 4.784*10-3 NR 
1.192*10-7 1.665*10-7 3.117*10-7 NLo 
7.626*10-14 7.053*10-14 6.554*10-14 DBM 
57096337 41156639 22145085 Npe 
5.136*10-3 7.174*10-3 0.0134 NG 

75.433 75.177 80.209 E 
2.20*10-3 2.99*10-3  5.76*10-3 ηth* 
2.13*10-3 2.19*10-3 2.55*10-3  ηprac** 

 
  

               ηth*     Theoretical efficiency calculated by equation 11  
               ηprac**Practical efficiency calculated by equation 17  
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Table 3 Results of Set No. 1, Filter No. 3                  
  

Filtration Rates Parameters 
15m/hr 10m/hr 5m/hr Us 
15 oC 13 oC 11 oC T 
41%  41%  41%  ε  
0.838 0.838 0.838 p 
0.033 0.033 0.033 w 
17.78 17.78 17.78 As 

3.929*10-3 3.929*10-3 3.929*10-3 NR 
1.192*10-7 1.665*10-7 3.117*10-7 NLo 
7.626*10-14 7.053*10-14 6.554*10-14 DBM 
57096337 50096885 26955549 Npe 
5.136*10-3 7.174*10-3 0.0134 NG 

81.289 84.772 84.508 E 
2.10*10-3 3.01*10-3 3.06*10-3 ηth*  
3.40*10-3 3.78*10-3 3.82*10-3 ηprac**  

  
  

 
 

Table 4 Results of Set No. 2, Filter No. 1                           
  

Filtration Rates Parameters 
15m/hr 10m/hr 5m/hr Us 
20 oC 22 oC 20 oC T 
57.5% 57.5% 57.5% ε  
0.752 0.752 0.752 p 
0.104 0.104 0.104 w 
14.606 14.606 14.606 As 

3.333*10-3 3.333*10-3 3.333*10-3 NR 
1.358*10-7 2.155*10-7 4.074*10-7 NLo 
8.837*10-14 9.415*10-14 8.58*10-14 DBM 
70725359 42535091 24281274 Npe 
5.853*10-3 9.293*10-3 0.0175 NG 

64.271 72.256 81.029 E 
2.41*10-3 4.01*10-3 6.13*10-3 ηth*  
3.40*10-3 4.30*10-3 6.26*10-3 ηprac**  
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Table 5 Results of Set No. 2, Filter No. 2                         
  

Filtration Rates Parameters 
15m/hr  10m/hr 5m/hr Us 
20 oC 22 oC 20 oC T 
37% 37% 37% ε  
0.857 0.857 0.857 P 
0.023 0.023 0.023 w 
23.379 23.379 23.379 As 

4.784*10-3  4.784*10-3  4.784*10-3  NR 
1.358*10-7 2.155*10-7 4.074*10-7 NLo 
8.837*10-14 9.415*10-14 8.58*10-14 DBM 
49272000 30831416 16915954 Npe 
5.853*10-3 9.293*10-3 0.0175 NG 

49.997 74.750 87.349 E 
2.43*10-3 3.91*10-3  4.94*10-3 ηth*  
1.08*10-3 2.16*10-3 3.24*10-3 ηprac** 

 
 

  
 
 

Table 6 Results of Set No. 2, Filter No. 3 
Filtration Rates Parameters 

15m/hr  10m/hr  5m/hr Us 
20 oC 22 oC 20 oC T 
52.1% 52.1%  52.1% ε 
0.782 0.782  0.782 p 
0.074 0.074 0.074 w 
19.123 19.123 19.123 As 

3.333*10-3 3.333*10-3 3.333*10-3 NR 
1.358*10-7 2.155*10-7 4.074*10-7 NLo 
8.837*10-14 9.415*10-14 8.58*10-14 DBM 
70725359 44255620 24281274 Npe 
5.853*10-3 9.293*10-3 0.0175 NG 

73.633 76.188 87.317 E 
2.49*10-3 4.09*10-3 6.01*10-3 ηth*  
3.97*10-3 4.07*10-3 6.15*10-3 ηprac** 
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Abstract 
 
     This paper studies the adaptive coded modulation for coded OFDM system using 
punctured convolutional code, channel estimation, equalization and SNR estimation. The 
channel estimation based on block type pilot arrangement is performed by sending pilots 
at every sub carrier and using this estimation for a specific number of following symbols. 
Signal to noise ratio is estimated at receiver and then transmitted to the transmitter 
through feedback channel   ,the transmitter according to the estimated SNR select  
appropriate modulation scheme and coding rate which maintain constant bit error rate 
lower than the  requested BER.  Simulation results show that better performance is 
confirmed for target bit error rate (BER) of (10-3) as compared to conventional 
modulation schemes, the convolutional coded modulation offers a  SNR  gains of 5 dB 
compared to uncoded state at BER of 10-3. The proposed adaptive OFDM scheme 
maintains fixed BER under changing channel conditions.  
 
 

   الخلاصة
زة        ه المقالة             في هذ   باستخدام  تم دراسة منظومة التقسيم المتعدد المتعامد للتردد متعددة السرعة ومتكيفة و مرم

وع  ز ن ين تخ  وPunctured  Convolutional  الترمي اة   م ديل القن ين    وتع ى الضوضاء    وتخم ارة إل سبة الإش م  .ن ت
ة طريق سمى ةدراس اة ت ودة القن ين ج ل      Block  لتخم ى آ ستلم عل دى الم ة ل ات معروف ال معلوم ى إرس د عل  تعتم

يتم قياس مستوى    ، لتخمين نسبة الإشارة إلى الضوضاء     ة و طريق   ببطء الترددات وهي ملائمة للقناة التي تتغير حالتها      
ثالية اعتمادا  الإشارة  إلى الضوضاء في جهة الاستلام وإعادة إرسالها  إلى المرسل من خلال قناة التغذية العكسية الم                 

ضمين                     دة ت ذي يتضمن وح على مستوى الإشارة  إلى الضوضاء يقوم المرسل باختيار الأسلوب المناسب للاتصال ال
لقد أظهرت النتائج العملية عند     .  المطلوبة    نسبة الخطأ على أن لا يتجاوز عتبة        مرمزة تحقق نسبة خطا محددة مسبقا       

ذلك التضمين المر مز      الغير متكيف    زقارنة بمنظومة التضمين المر م     أداء جيد لهذه المنظومة م     3-10نسبة خطا    وآ
دره  SNR  أعطى تحسن ل  ر مر مز     dB 5 ق ضمين الغي ة بالت ذه الم  . مقارن ة  ه ة تحت      نظوم ا ثابت سبة خط تحقق ن

  .ظروف القناة المتغيرة
  

 
Key words: OFDM, adaptive, SNR estimation, convolutional code, channel 
estimation 
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INTRODUCTION 
 
The idea of adaptive modulation and 
coding (AMC) is to dynamically 
change the modulation and coding 
scheme in subsequent frames with the 
objective   of   adapting the overall 
throughput or power to the channel 
condition. In fact, when employing 
orthogonal frequency division 
multiplexing (OFDM) over a spectrally 
shaped channel the occurrence of bit 
errors is normally concentrated in a set 
of severely faded sub carriers, which 
should be excluded from data 
transmission. On the other hand, the 
frequency   domain fading, while 
impairing the signal-to-noise ratio of 
some sub-carriers, may improve others 
above the average signal-to-noise ratio. 
Hence, the potential   loss of 
throughput due to the exclusion of 
faded sub carriers can be mitigated by 
using higher order modulation modes 
on the sub-carriers exhibiting higher 
signal-to-noise ratio. In addition, other 
system parameters, such as the coding 
rate of error correction coding schemes, 
can be adapted at the transmitter 
according to the channel frequency 
response [Benvenuto and Tosato, 2004]. 
 

 
ADAPTIVE CODING AND 
MODULATION 

 
The main concept of adaptive coding 
and modulation is to maintain a 
constant performance by varying 
transmitted power level, modulation 
scheme, coding rate or any combination 
of these schemes .This allows us to 
vary the data rate without sacrificing 
BER performance .Since in land mobile 
communication systems , the local 
mean value of the received signal level 

varies due to the fading channel, 
Adaptive coding and modulation is an 
effective way to achieve high data rates 
and it has proved to be a bandwidth 
efficient technology to transmit 
multimedia information over mobile 
wireless channels. It can be described 
as follows: 
Modulation mode = ( M1  cq< I1 

 M2 I1<cq< I2 
     . 
     . 
     . 
   Mn In-1<cq) (1) 
 
Where M1, M2... Mn, are n different 
modulation modes varying from lower 
multi-level modulation to higher 
multilevel modulation with increasing 
order. cq is the estimated channel 
quality expressed in terms of the signal-
to-noise ratio (SNR) of the mobile 
wireless channel, I1, I2,….., In-1 are the 
switching thresholds between different 
modulation modes. 
The selection of modulation mode for 
the next transmission heavily depends 
on the current channel quality 
estimation. If the channel quality can 
be measured accurately, ideal switching 
between different modes is available. 
The system could have the highest 
performance under such circumstances, 
if the switching thresholds are selected 
carefully. In other words, in the 
scenario of no channel quality 
estimation error, the effectiveness of 
the adaptive modulation system will be 
decided mainly by the selection of the 
switching thresholds [Long and Lo, 
2003]. 
Modulation scheme and coding rate are 
the most common parameters used in 
adaptive modulation. Basic guidelines 
for efficient usage of these parameters 
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are as follows [Sampei and Harada, 
2007]: 
 

1) Modulation Scheme Control: 
Modulation scheme control is 
the only technique to enhance 
the upper limit of spectral 
efficiency in terms of bit/s/Hz in 
single-input and single-output 
systems. However, if only the 
modulation scheme is used as a 
controllable modulation 
parameter MP, its dynamic 
range is not so wide. Table(1) 
summarizes theoretically 
obtained required energy per 
symbol to noise spectral density 
Es/No to satisfy a required BER 
(BERreq) for each modulation 
scheme under additive white 
Gaussian noise (AWGN) 
conditions, where Gray mapping 
is assumed and no channel 
coding is employed. When all 
the modulation schemes in this 
table are selectable, the system’s 
dynamic range is about 16 dB. 
On the other hand, when a 
channel is in a flat Rayleigh 
fading condition, the system’s 
dynamic range is more than 20 
dB, which is wider than that 
covered by an adaptively 
controlled modulation scheme. 
One solution to this problem is 
to introduce a non transmission 
mode as one of the selectable 
MPs and to choose this mode 
when the received signal level is 
too low to guarantee 
transmission of even a binary 
phase-shift keying (BPSK). 

In this case, however, the ratio of the 
non transmission time period (outage 
probability) increases as the average 
received signal level decreases.  

 
2)   Coding Rate Control: When 

coding rate control is introduced 
to adaptive modulation schemes, 
because the required Es/No for a 
specific BER can be lowered, 
one can have more chance to 
use higher user rates compared 
to non coding rate controlled 
systems under the same received 
signal level; thus, coding rate 
control enhances average 
system throughput. Moreover, 
the coding rate control has 
another advantage; one can 
reduce the required signal-to-
noise power ratio (SNR) or 
SINR gap between adjacent MP 
modes, because an arbitrary 
number of coding rates can be 
prepared by a combination of 
punctured codes and regular bit 
puncturing. 

 
The rules which follow to Choose MP 
Set are: 

1. List all the possible combinations 
of modulation Schemes and 
coding rates, and sort these 
combinations of MPs in the 
order of the required SNR or 
SINR. 

2. If there are several MP sets that 
can achieve the same spectral 
efficiency, a set with the lowest 
required SNR is chosen. 

3. If there are several MP sets 
located very closely in the 
required SNR, some of them 
can be removed. 

In Figure (1), the curves from left to 
right represent the BER of QPSK, 
16QAM, 64QAM and 256-QAM in 
AWGN channel, respectively. In order 
to decide the proper switching levels 
from this plot, operating point, or 
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desired BER must be decided. In this 
study, BER of (10-3) is used as 
operating point. This means that the 
system will try and keep a BER lower 
than (10-3) with the most spectrally 
efficient modulation scheme whenever 
possible. At this point spectral 
efficiency should be defined as the 
number of information bits encoded on 
a modulated transmission symbol. For 
example, QPSK has a spectral 
efficiency of 2 bits per symbol, 16 
QAM has 4 bits per symbol, 64 QAM 
has 6 bits per symbol and 256 QAM 
has 8 bits per symbol. 
 
THE ADAPTIVE OFDM SYSTEM 

 
The proposed adaptive OFDM system 
used in the test is shown in Figure (2). 
The system consists of a transmitter, a 
receiver and a Rayleigh communication 
channel .The transmitter codes the 
input data by the convolutional coder 
that is efficient in the multipath fading 
channel. The convolutional coder uses 
the code rate (R=1/2) and the constraint 
length (k=7). The encoded data are 
punctured to generate high code rates 
from a mother code rate of 1/2, the 
coded serial bit sequences are 
converted to the parallel bit sequences 
and then modulated. The OFDM time 
signal is generated by an inverse FFT 
and is transmitted over the Rayleigh 
fading channel after the cyclic 
extension has been inserted. Doppler 
frequency is assumed to be 5Hz (slow 
flat fading). In the receiver side, the 
received signal is serial to parallel 
converted and passed to a FFT 
operator, which converts the signal 
hack to the frequency domain. This 
frequency domain signal is coherently 
demodulated. Then the binary data is 
decoded by the Viterbi hard decoding 

algorithm. The simulation parameters 
are listed in Table (2) 
The system is operating at a sampling 
rate of 20MHz. It uses 64-point FFT. 
The OFDM symbol duration worth's 66 
sample where 64 is for data while 2 is 
cyclic prefix . This corresponds to 
efficiency of (0.96). Using different 
modulation schemes combined with 
puncturing of the convolutional 
encoder, 5 different data rate are 
defined. Data rate is a function of the 
modulation (QPSK, 16-QAM, 64-
QAM and 256-QAM) and the code 
rate. The data rate is calculated using, 
           
Data rate= (bitscarrier* Ncarriers* CR)/ TOFDM

                               (2) 
 
Where bitscarrier is the number of bits 
per carrier, i.e. 2 for QPSK, Ncarriers is 
the number of subcarriers with 
information, CR is the code rate and 
TOFDM is the OFDM symbol duration. 
The frame length is variable consists of 
fixed number of pilot symbols Np   and 
variable number of data symbols Nd. 

 
SIGNAL TO NOISE RATIO 
ESTIMATION  

 
The adaptive modulation scheme needs 
the accurate information of the 
multipath channel and estimates the 
SNR value by measuring the quantity 
of noise among the received signal. 
There have been two methods of 
measuring the quantity of noise among 
the received signal that passed through 
the channel. The first method uses the 
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previously known pilot symbol as the 
reference signal that is speedy and 
stable measuring method. The second 
method uses the demodulated signal as 
the reference signal and has the BER 
value sufficiently low for the accurate 
measurement of the SNR. Therefore, 
the pilot symbol is not necessary. SNR 
estimation algorithm is shown in Fig. 
(3).  
The SNR value is computed by 
comparison between the received signal 
power and the noise power that <|x |²> 
is the received signal power and <|y |²> 
is the noise power [Chu, Park and etc, 
2007]. 
 

CHANNEL ESTIMATION 
 
Channel estimation can be achieved by 
transmitting pilot OFDM symbol as a 
preamble. The channel estimation can 
be performed by either inserting pilot 
tones into all of the subcarriers of 
OFDM symbols with a specific period 
or inserting pilot tones into each 
OFDM symbol. 
The first one, block type pilot channel 
estimation, has been developed under 
the assumption of slow fading channel. 
This assumes that the channel transfer 
function is not changing very rapidly. 
The estimation of the channel for this 
block-type pilot arrangement can be 
based on Least Square (LS) or 
Minimum Mean-Square (MMSE). The 
later, the comb-type pilot channel 
estimation has been introduced to 
satisfy the need for equalizing when the 
channel changes even in one OFDM 
block. The comb-type pilot channel 
estimation consists of algorithms to 
estimate the channel at pilot 
frequencies and to interpolate the 
channel. The interpolation of the 

channel for comb-type based channel 
estimation depends on linear 
interpolation.  
Assuming P  is the transmitted pilot 
data, the received signal after FFT is: 
 

)()()()( kWkPkHkY +=   (3) 
 
Where w (k) is the noise components, 
and since, the pilot data is known at the 
receiver, then the simplest way to 
estimate the channel is by dividing the 
received signal by the known pilot: 
 
 
 Ĥ (k)=Y(k)/P(k)             (4) 
 
 
Where Ĥ (k) is the estimate of the 
channel, and without noise, this gives 
the correct estimation. When noise is 
present, there could be an error 
[Omran, 2007]. 
 

  RESULTS 
 
Figure (4) shows the estimator’s 
performance in all modulation 
schemes, the SNR estimator works well 
with QPSK modulation. As shown in 
Figure (4) , for M-QAM modulation  at 
low SNR, the estimate is not good. This 
is because at low SNR, there are a 
greater number of symbol errors that 
occur. Those symbols are the input to 
the estimator. The more reliable the 
symbol information is, the better the 
SNR estimate is for QAM schemes. 
This is why the estimates are better at 
high SNR.  
 
 

The levels in table (3) are concluded in 
the following way: At an operating 
BER of (10-3), there is no modulation 
scheme that gives the desired 
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performance at an SNR below 6.8 dB. 
Therefore, 1/2 QPSK is chosen as it is 
the most robust. Between 6.8 and 12.5 
dB, there is only one scheme that gives 
performance below (10-3), and that is 
1/2 QPSK. Between 12.5 and 15.5 dB, 
1/2 16-QAM gives the desired BER at 
a better spectral efficiency than 1/2 
QPSK. Between 15.5 and 23dB, 3/4 
16- QAM gives the desired BER at a 
better spectral efficiency than 1/2 16- 
QAM. Between 23 and 30 dB, 3/4 64-
QAM gives the desired BER at a better 
spectral efficiency than 3/4 16-QAM. 
And at SNR higher than 30dB, 256-
QAM gives the best spectral efficiency 
while providing the desired BER 
performance. 
 
In Figure (7), the performance of 
adaptive coded   modulation begins by 
overlapping the QPSK curve. It is 
analogous to the spectral efficiency 
curve, as QPSK is the primary 
transmission mode used in low SNR. 
However, as the SNR is increased to 13 
dB, we see an interesting result. The 
performance of adaptive coded 
modulation begins to improve beyond 
what QPSK can provide.  
 
Consider a channel that has a deep 
fade. Options here are to use one of 
five modulation modes, which differ in 
spectral efficiency and robustness. If   
the fading considered to   be extremely 
deep, perhaps half of all bits will be in 
error. Here, it is advantageous to send 
fewer bits because the total number of 
errors will be decreased, which 
influences bit error rates much more 
than total number of bits sent. When 
the channel is not in a fade, then many 
bits are   wanted   to be sent. In this 
situation,   The BER is lowered by 
increasing the number of bits sent 

because errors become less frequent. It 
is the combination of these two 
principles that allows the BER 
performance of adaptive systems to be 
more robust than static systems while 
simultaneously providing better 
spectral efficiency at most ranges of 
SNR. 
 

 
In Figure (8), a plot of the spectral 
efficiency of adaptive coded 
modulation versus SNR in dB. Here, 
spectral efficiency will be defined to be 
the number of bits sent per modulation 
symbol. 
Note that at low SNR, the system 
achieves 2 bits per symbol, as QPSK is 
primarily used. However, as the SNR 
increases, the throughput also improve 
steadily, which indicates that more 
spectrally efficient transmission mode 
is beginning to use. 
 
The curve begins to level out at close to 
30 dB, as 256QAM becomes the 
transmission mode used most often and 
QPSK is rarely used. As SNR 
improves, the system is more able to 
choose more efficient transmission 
mode. 

 
CONCLUSION 

 
The main conclusions drawn from this 
study are:  
1.   The ACM scheme enhances the 

performance of the OFDM 
wireless communication system 
since it combines two adaptive 
schemes based on modulation and 
coding. The results show that the 
ACM scheme adjusts effectively to 
the channel environment because it 
allocates (1/2 QPSK) to the 
decreasing SNR value and (1/2 16-
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QAM, 3/4 16-QAM, 3/4 64-QAM 
and 3/4 256-QAM) to the 
increasing SNR value.  

2.   When channel has deep fade one 
of five modulation modes which 
differ in spectral efficiency and 
robustness is used, if fading is 
extremely deep half of all bits will 
be in error, it is advantageous to 
send fewer bits because the total 
number of errors will be decreased.  
When channel is not in a fade 
many bits are send, In this situation 
BER is lowered by increasing the 
number of bits sent because errors 
are small. It is the combination of 
these two principles that allows the 
BER performance of adaptive 
system to be more robust than 
static system. 

3.   The ACM system provides better 
spectral efficiency at most ranges 
of SNR, at low SNR, the system 
achieves 2 bits per symbol, as 
QPSK is primarily used. However, 
as the SNR increases, the 
throughput also improve steadily, 
which indicates that more 
spectrally efficient transmission 
mode is used. 

4. The concept of adaptive 
modulation optimizes the 
bandwidth efficiency for wireless       
communications without excessive 
complexity. 

 
 
 
 
 
 
 
REFERENCES 
 

Buthaina  Mosa  Omran 
,“IMPROVEMENT TECHNIQUES 
FOR SATELLITE DIGITAL  VIDEO 
BROADCASTING USING OFDM”, 
P.HD. Thesis, in electronic and 
communication engineering, University 
of Baghdad, 2007. 
 
F.Y. Long and K.T. Lo 
,“Measurements for performance 
degradation of adaptive modulation 
scheme caused by channel quality 
estimation error” IEE, Proceeding 
Communication Vol 150, No. 2, April 
2003. 
 
Fernando H. Gregorio,“802.11a - 
OFDM PHY Coding and Interleaving”, 
Helsinki    University of Technology. 
 
Hyung Suk Chu, Byung Su Park and  
Chong Koo An ,"Wireless Image 
Transmission based on Adaptive 
OFDM System",IEEE, 2007. 
 
Nevio Benvenuto and Filippo Tosato, 
“On the selection Of Adaptive 
Modulation and Coding Modes Over 
OFDM”, IEEE Communications 
Society, 2004. 
 
Seiichi Sampei and Hiroshi Harada, 
“System Design Issues and 
Performance Evaluations for Adaptive 
Modulation in New Wireless Access 
Systems”, Proceedings of the IEEE, 
Vol. 95, No. 12, December 2007. 
 
Sinem Coleri, Mustafa Ergen, Anuj 
Puri, and Ahmad Bahai , “Channel 
Estimation Techniques Based on Pilot 
Arrangement in OFDM Systems”, 
IEEE Transactions On Broadcasting, 
VOL. 48, NO. 3, September 2002. 
 
 



 
Adaptive Coded Modulation for OFDM System 

 
Assist.  Prof. Dr. Serkout N. Abdullah  
 Zainab Mageed Abid 

 

155 
 

LIST OF ABBREVIATIONS: 
 

ACM    : Adaptive Coded Modulation 

AWGN : Additive Wight Gaussian Noise 

BER  : Bit Error Rate 

LS   : Least Square  

MMSE : Minimum Mean Square Error  

OFDM : Orthogonal Frequency Division Multiplexing 

QAM             : Quadrature Amplitude Modulation 

QPSK   : Quadrature Phase Shift Keying 

SNR  : Signal to Noise Ratio 

 
 

 
 
 

Table 1 Theoretical Required Es/No to Satisfy a BERreq under AWGN Conditions 
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Table 2 simulation parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 Table 3 Transmission modes with convolutionaly coded modulation in AWGN channel 
 

 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 
Modulation QPSK 16-QAM 16-QAM 64-QAM 256-QAM 
Coding rate 1/2 1/2 3/4 3/4 3/4 
Rate (bits/symbol) 1 2 3 4.5 6 
SNR (dB) at BER=10-3 6.8 12.5 15.5 23 29  

 
 
 

 
 
 
 
 

Sampling rate 20 MHz 
Number of FFT points 64 
Number of carriers 
(Ncarriers)  

64 

No. of input serial bits 100 000 bit 
OFDM symbol period 
(TOFDM) 

3.3 µs (66 sample) 

Cyclic prefix 0.1 µs (2 sample) 
FFT symbol period 3.2 µs (64 sample) 
Data rate 19, 32,48,72,96 Mbps 
Modulation scheme QPSK, 16QAM, 64QAM, 256QAM 
Demodulation Coherent detection 
Coding Convolutional coding 

(Rate=1/2, constraint length=7) with 
Puncturing (3/4) 

Fading Slow flat fading 
Doppler frequency 5 Hz 
Channel One path(AWGN+ Rayleigh fading) 
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Table 4 Transmission modes with convolutionaly coded modulation in Rayleigh fading 

channel,     fd =5 HZ 
 

 
Fig. 1 BER Performance of coded OFDM in AWGN 

 
 
 
 
 
 

 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 
Modulation QPSK 16-QAM 16-QAM 64-QAM 256-QAM 
Coding rate 1/2 1/2 3/4 3/4 3/4 
Rate (bits/symbol) 1 2 3 4.5 6 
SNR (dB) at 
BER=10-3 

7.5 13 16 24 30 
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Fig.  2   Adaptive OFDM System Block Diagram 
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Fig.  3   SNR estimation algorithm 
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Fig. 4 SNR Estimation for all modulation schemes 
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Fig. 5 BER performance of an un-coded OFDM system operating in an AWGN channel with 

different modulation schemes 
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Fig. 6 BER Performance of Adaptive coded Modulation in AWGN  

Channel with practical SNR estimation 
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Fig. 7 BER Performance of Adaptive coded Modulation in Rayleigh  

fading channel with practical SNR estimation 
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Fig. 8 Spectral Efficiency for Adaptive coded Modulation vs. 

SNR for a Rayleigh channel 
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BSTRACT 

Flutter is a phenomenon resulting from the interaction between aerodynamic and structural 
dynamic forces and may lead to a destructive instability. The aerodynamic forces on an oscillating 
airfoil combination of two independent degrees of freedom have been determined. The problem 
resolves itself into the solution of certain definite integrals, which have been identified as Theodorsen 
functions. The theory, being based on potential flow and the Kutta condition, is fundamentally 
equivalent to the conventional wing-section theory relating to the steady case. The mechanism of 
aerodynamic instability has been analyzed in detail. An exact solution, involving potential flow and 
the adoption of the Kutta condition, has been analyzed in detail. The solution is of a simple form and 
is expressed by means of an auxiliary parameter K. The use of finite element modeling technique and 
unsteady aerodynamic modeling with the V-G method for flutter speed prediction was used on a fixed 
rectangular and tapered wing to determine the flutter speed boundaries. To build the wing the Ansys 
5.4 program was used and the extract values were substituted in the Matlab program which is designed 
to determine the flutter speed and then predicted the various effects on flutter speed. The program 
gave us approximately identical results to the results of the referred researches. The following wing 
design parameters were investigated skin shell thickness, material properties, cross section area for 
beams, and changing altitude. Results of these calculations indicate that structural mode shape 
variation plays a significant role in the determination of wing flutter boundary. 
 

  الخلاصة   

هـي الظاهرة الـتي تنتـج مـن التداخـل بيـن القـوى الدينـاهوائيـة ودينـاميكيـة الهيـكل مـما يـؤدي الى حـالـة من ) الأرتجـاج(الـرفـرفـة 
حـريـة  باستخدام تحسـب القـوى الدينـاهوائيـة لمقطـع جنـاح مهتـز لـه درجتان مـن ال. عـدم الاستقرار وبالتـالي تدميـر وتحـطم الجنـاح

على دالة ويعتمـد أساس هذه .  حيـث إن المسألة تحـل باستخـدام التكـامـل المحدد،)(Theodorsen functionنظـريـة ثيـودرسـن
، والتي تكـون أساسا مكافئـاً لنظـريـة مقـاطع )  Kutta condition(وعلى شرط آوتـا ) potential flow(التدفـق الكامن 
 يتضمن التدفـق و تبني حقيقيالحـل ال. حيث يتم تحليـل الآلية الدينـاهوائيـة الغيـر مستقـرة بشكـل مفصـل.الـة الثـابتـة الأجنحـة للحـ

لحسـاب ). K) (auxiliary parametric( يمكن تمثيل الحـل باستخـدام العـامـل المسـاعـد. شـرط آوتـا وتحليـلـه بشكـل مفصـل
م تقنيـة العنـاصـر المحـددة و الـنمـوذج الى الجنـاح المستدق والجناح المسـتطيـل حيث تم اسـتخـدحـدود سـرعـة الـرفـرفـة ع

للتنبـؤ بسـرعـة ) V-g) (velocity - damping method(عامل التضاؤل -الدينـاهـوائى الغـير مستقـر مـع طـريقـة السرعـة
  )MATLAB(تسـتخـدم في بـرنـامـج الـ التي ء الجنـاح والقـيم المسـتخـرجة تم بنـا) ANSYS 5.4(الـرفـرفـة بـاستـخـدام بـرنـامـج 

حيـث إن البرنـامـج أعطى نتـائـج .ومنـه التنبـؤ بالمتغيـرات المؤثـرة على سـرعـة الـرفـرفـة. الذي صمم لحسـاب سـرعـة الـرفـرفـة
لمتغيرات التصميمية التالية للجناح سمك متغير للغلاف ومادة متغيرة تم بحث ا.  مطـابقـة تقريبـاً إلى نتـائـج البحوث المشـار إليها

اوضحت النتائج بان تغير النسق للهيكل يلعب دورا مهما في حساب سرعة . ومساحة مقطع متغيرة لقطع التقوية وارتفاع متغير
  .الرفرفة

    
KEY WORKS:     Flutter, V-g Method, Wings. 
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INTRODUCTION 

The problem of oscillating airfoils has 
been an important subject of unsteady 
aerodynamics because of its close link with 
flutter analysis. The sustained oscillation is a 
boundary between convergent and divergent 
motions. Hence, the speed thus obtained is the 
critical speed, above which flutter occurs.  

(Sadeghi, 2003); developed a code for 
the computation of three-dimensional 
aeroelastic problems such as wing flutter. (Bala 
Krishnan 2003); Investigated the initial 
mathematical theory of aeroelasticity centered 
on the canonical problem of the flutter 
boundary instability endemic to aircraft that 
limits attainable speed in the subsonic regime. 
(Massimo Bianchin 2003); Studied a 
methodology to merge state-space time domain 
realizations of a complete numerical 
aeroservoelastic model with flight mechanics 
equations 

 
UNSTEADY AERODYNAMIC FORCES 
OF THE TYPICAL SECTION MODEL:- 

The unsteady aerodynamic forces are 
calculated based on the linearized thin - airfoil 
.In this section, Theodorsen’s approach will be 
summarized and the flutter analysis will be 
conducted based on his approach (Theodore 
Theodorsen 1935). 

In Theodorsen’s approach, aerodynamic 
surfaces are modeled by flat plates. Theodorsen 
assumes that the flat airfoil is oscillating about 
the shear center (elastic axis) and unsteady 
flow is composed of two components, (a) non –
circulatory flow which can be expressed 
through the sources and sinks and (b) 
circulatory flow related to the flat vorticity 
surface extending from trailing edge to infinity. 
For each flow component, he obtained the 
velocity potential and then calculated the 
pressure using Bernoulli's theory. 
 
The Non-circulatory Flow:- 

By using Joukoweski’s conformal 
transformation (Theodore Theodorsen 1935), 
the airfoil can be mapped onto a circle. The 

velocity potential of a source (ε) on a circle 
( )11 , yx  can be expressed as:        

   

[ ]2
1

2
1 )()(

4
yyxxLn −+−=

π
εϕ

       
 
Similarly, the velocity potential is due to a 
source (2ε) at on circle ( )11, yx and a sink 
 (-2ε) at on circle ( )11, yx − .  
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                                                                        (1)  
 

Since ( 21 xy −= ), the velocity potential is a 
function of (x) only. 
The downward displacement of the airfoil can 
be written as  
 

( )abxhz −+= α           
 
Then, up-wash will be  
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       Therefore, the velocity potential due to 
pitch angle ( )α will be                                                         
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                                                                     (2) 
 
Similarly, velocity potentials due to plunge 

motion, (
.
h ) and angular velocity, (

.
α ) are 

respectively expressed as: 
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.
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           The total velocity potential due to non-
circulatory flow becomes:  
 

ϕϕϕϕ αα
.++=

hNC
      

           
22

.
2

.
2 1)

2
(11 xaxbxbhxbV −−+−+−= αα

                                          
                                                                     (3) 
 
By Bernoulli theorem, the pressure is obtained 
as follows: 
 
       

.
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                                                                   (4)       
 
And the force (positive downward) and the 
pitching moment (positive nose-up) about the 
elastic axis will be expressed as:- 
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The Circulatory Flow:- 
           To satisfy the Kutta condition, 
Theodorsen employs a bound vortex 
distribution over the airfoil and a vortex over 
the airfoil wake. 
 
In order to consider wake, assume a bound 

vortex   ( =∆Γ γ dx ) at ( oX
1

), and a shed 

vortex ( ∆Γ− ) at ( oX ). 
Then, the velocity potential due to vortex is 
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Define ( ooo xXX 2/1 =+ ), and 

(
21, xyxX −== ) 

Then,  

               12 −+= ooo xxX    
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The velocity potential can be expressed as  
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Where 

             ,11 ≤≤− x   ∞≤≤ ox1     
  It is to be noted that the vortex is moving 
away from the airfoil with velocity of (V). 
Therefore, by Bernoulli theorem, the pressure 
due to the vortex is  
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The pressure at (X) due to the vortex at ( ox ) is 
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The force on the whole airfoil due to a vortex 

at )( ox will be  
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        The total force can be calculated by 

integrating with respect to )( ox  
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It has to be noted that the force and moment 
are functions of vortex strength )(γ .By 
applying Kutta condition at trailing edge the 
vortex strength can be determined. The total 

velocity potential is: 

..
α

α ϕϕϕϕϕ +++= Γ
h

total
     

22
..

2 1)
2

(11 xaxbxbhxbV −−+−+−+= Γ ααϕ
   

By applying the Kutta condition, the following 
equation is obtained: 
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Finite. At (x=1)      Therefore, 
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The following expression is obtained from the 
above equation. 
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Then, the total force and moment on the airfoil 
will be as follows:  
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Where (c) is the Theodorsen function, and is 
defined as  
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Assume that the airfoil has a simple harmonic 
motion  
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Where  Vts =       
 
Then, Theodorsen function is expressed as 

          
∫

∫

−

∞
−

−

+

−
=

o
ikx

o

o

o
iikxti

o

o

o

dxe
x
x

dxeee
x

x

C
o

o

1
1

11
2

ϕωγ

 

      
∫

∫
∞

−

∞
−

−

+

−
=

1

1
2

1
1
1

o
ikx

o

o

o
ikx

o

o

dxe
x
x

dxe
x

x

o

o

                                                       
                                    (12)      
The Theodorsen function is frequently replaced 
by simple algebraic approximation as follows:-  
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The total force and moment resulting from the 
noncirculatory and circulatory flows are 

expressed as:  
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If a quasi-steady aerodynamic is assumed (The 
aerodynamic characteristics of an airfoil whose 
motion consists of variable linear and angular 
motions are equal, at any instant of time, to the 
characteristics of the same airfoil moving with 
constant linear and angular velocities equal to 
actual instantaneous values.), then C (k) 
becomes (1), and the force and moment will be  
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3. Flutter Equation Of The Typical Section 
Model. 
Equation of Motion:- 
     Consider the typical section shown in Fig. 
(3). 
 
                  
     

The model has a translation spring with 

stiffness )( hk and torsion spring, with 
stiffness )( Tk . These springs are attached to the 
airfoil at the shear center. Therefore, it is two 
degrees of freedom model ),( αh . And (h) is 
measured at the shear center (elastic axis).  
The downward displacement of any other point 
on the airfoil is 
  
    αxhz +=                                                    
 
Where (x) is a distance measured from the 
shear center. 
The strain energy and the kinetic energy are 
respectively given by  

22

2
1

2
1 hKKU hT += α
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dxzT

2.

2
1
∫= ρ

                                                                
      where (ρ) is the mass per unite length of 
the airfoil. 
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Define the following. 
 
  Mass        )( ∫= dxm ρ   
 
The second moment of inertia of the airfoil 
about shear center, 
 

 ∫ == 22
αα ρ mrdxxI                        

 
The first moment of inertia of the airfoil about 
shear center, 
 

 ∫ == αα ρ mxxdxS         
 

Where )( αr is the radius of gyration and )( αx  
is a distance from the coordinate to the mass 
center. 
Then, the kinetic energy can be written as 
follows: 
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2
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The virtual work due to the unsteady 
aerodynamic forces is  
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Where the force )( hQ is positive downward 

and moment )( αQ is positive nose-up. 
Lagrange’s equations provide the equation of 
motion of the airfoil. 
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The unsteady aerodynamic force and moment 
are:  
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Then, the equation of motion can be rewritten 
as:  
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where the mass ratio is defined as: 

(
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), (m) is the airfoil mass per unit 

length. 

Define (
2

2
2

αω
ω

=Ω
)  and (

2

2
2

αω
ωhR =

), then 

 
⎭
⎬
⎫

⎩
⎨
⎧
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
+

⎭
⎬
⎫

⎩
⎨
⎧

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
Ω−

αα
αα

α

α

bh

r

Rbh

r

x

x

/0

0

/1
2_

2

2_

_

_

2

          

⎭
⎬
⎫

⎩
⎨
⎧

⎥
⎥
⎥
⎥

⎦

⎤

⎟
⎠
⎞

⎜
⎝
⎛ +++⎟

⎠
⎞

⎜
⎝
⎛ +−

⎟
⎠
⎞

⎜
⎝
⎛ +−

⎢
⎢
⎢
⎢

⎣

⎡

⎟
⎠
⎞

⎜
⎝
⎛ +−

Ω
=

αµ
αα

α bh

LaMLaM

LaL

LaM

L

hh

h

hh

h
/

2
1)(

2
1

2
1

2
1 2

2

              
 
V-G METHOD FOR FLUTTER 
ANALYSIS:- 
The above flutter equation is expressed in the 
following matrix form. 
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Where ( ijK ) is the stiffness matrix,    ( ijM ) 
mass matrix, and ( ijA ) is the aerodynamic 
matrix. Note that the aerodynamic is function 
of the reduced frequency, (k). 
V-g method assumes first the artificial 
structure damping, (g).    
 
[ ] [ ]ijij KigK )1( +=                                          
 
This artificial damping indicates the required 
damping for the harmonic motion. The 
eigenvalue of the equation of motion 
represents a point on the flutter boundary if the 

corresponding value of (g) equals the assumed 
value of (g).     

For a given reduced frequency, (
V
bk ω

= ) will 

be a complex eigenvalue problem. 
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The Eigen value is:- 
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From this eigenvalue: 
 

2

2

Re

1

αω
ω

λ
i=                                            

 

  
Re

Im

λ
λ

=g                                    

ANSYS ANALYSIS OF WING 
MODEL:- 
  The wing model analysis in the Ansys 
program is by using the suitable element for 
the work. The (Shell 93) may be used for skin 
and the spar web and the (Beam 4) (3D elastic 
beam) is used for the stiffeners in the isotropic 
case 
  
FLUTTER PROGRAM: - 

The combination between the (ANSYS 
5.4) and the (MATLAB 7.0) is employed. The 
program is solved by using the Theodorsen’s 
theory with velocity damping (V-g) method. 
The inputs of program for the wings model are: 

1. From (ANSYS 5.4) the natural    
frequencies are taken. 

2. The static unbalance, frequency ratio, 
mass ratio, radius of gyration and non-
dimensional location of airfoil elastic 
axis. 

3. Density of air at any altitude. 
 

And the outputs of program are: 
1- The bending and torsional mode shapes 

for both rectangular and tapered wings 
as shown in Figures a to d. 
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2- The relation between the non- 
dimensional parameter (1/k) with 
structural damping. 

3- Calculation of the flutter speed.  
 
RESULTS AND DISCUSSIONS:-   

 
RESULTS OF COMPARISON: - 
    By using analytical and numerical 

solution for the case where (µ=60, rα = 0.4, xα = 
0.2, a = -0.3) it is found that the results in the 
work are approximately equal to the results in 
references as shown table 1.The following 
parameter are to be investigated  
 
 Effect of the Changing Wing Skin 
Thickness 
          The shell thickness is one of the main 
important variables in the wing design; 
therefore the effect of variation thickness from 
(0.001m) to (0.0035m) was studied in the 
reduced frequency, flutter speed and mass for 
two types of wing (rectangular wing and 
straight-tapered wing).   
 
Rectangular Wing 

Table (2) shows the shell thickness 
effects on the vibration modes. For the 
configuration (3x5) with area (A=44mm2) and 
thickness (0.001m) the first two natural 
frequencies are equal to (20.016 HZ, 101.15 
HZ), with mass (8.231kg), Figs. (5) and (6) 

show the reduced frequency (
k
1 =

αωb
V f =1.66) 

and frequency ratio (
αω

ω f =0.351). For these 

values (ωf =35.503HZ, Vf =474.751m/sec). But 
when the thickness increases to (0.0035m) the 
first two natural frequencies are equal to 
(19.489HZ, 108.7HZ) with mass (20.704kg), 
Figs. (15) and (16) show the reduced 

frequency (
k
1 =

αωb
V f =2.66) and frequency 

ratio (
αω

ω f =0.322) and (ωf =35.0014HZ, Vf 

=817.115m/s). From Figs (7), (8) (9), (10) 
(11), (12) (13) and (14) it is found that the 
reduced frequency is increased while the 

frequency ratio decreases therefore; the flutter 
speed is increased with thickness i.e. mass 
increases and the effect of thickness on the 
flutter speed is under  investigation.  

 
Tapered Wing 
          Table (3) shows that the effects of 
thickness are high on the flutter speed. For 
thickness (0.001m) the first two natural 
frequencies are equal to (31.807HZ, 128.22 
HZ), with mass (7.4752kg) and Figs. (17) and 
(18) show the reduced frequency 

(
k
1 =

αωb
V f =2.97) and frequency ratio 

(
αω

ω f =0.416) and (ωf =53.33HZ, Vf 

=765.671m/s). And for thickness (0.0035m) 
the first two natural frequencies are equal to 
(32.446HZ, 138.75HZ), with mass (18.721kg), 
Figs. (27) and (28) show the reduced 

frequency (
k
1 =

αωb
V f =4.956) and frequency 

ratio (
αω

ω f =0.396) and (ωf =54.945HZ, Vf 

=1381.891m/s). Figs (19), (20), (21), (22), 
(23), (24), (25) and (26) show the thickness 
effect on flutter speed for taper wing type. 

From the static solution (Mechanical 
and Electrical Systems, Operation Manual, 
Boeing Commercial Airplane Company 
1984). the optimum thickness is taken for the 
wings (0.001m) for rectangular wing and 
(0.003m) for tapered wing. 
 
 EFFECT OF THE USED MATERIAL 
          One of the important and necessary 
factors in the wing design is the material that is 
used. The material chosen gives the high 
resistance with little weight (high resistance to 
weight ratio). Therefore, three types of 
materials to build the wing structure are tested 
in this work. 
 
Rectangular Wing:- 
          From Table (4) the (adv. Aluminum) is 
used in the wing design. For configuration 
(3x5) with thickness equal to (0.001m) the first 
two natural frequencies are equal to (21.20HZ, 
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107.49HZ) with mass (8.5437kg) and Figs. 
(29) and (30) show the reduced frequency 

(
k
1 =

αωb
V f =1.688) and frequency ratio 

(
αω

ω f =0.337) and (ωf =36.22HZ,  Vf 

=513.018m/s). And for the same thickness for 
(7075-T6) the first two natural frequencies are 
equal to (20.016 HZ, 101.15 HZ), with mass 
(8.231kg) and Figs. (5) and (6) show the 

reduced frequency (
k
1 =

αωb
V f =1.66) and 

frequency ratio (
αω

ω f =0.351). For these 

values (ωf =35.503HZ, Vf =474.751m/sec). 
From Table (5) and for the same thickness 
when using the (Ti6A14V) the first two natural 
frequencies are equal to (19.825HZ, 
101.21HZ) with mass (13.02 kg). Figs. (33) 
and (34) show the  reduced frequency 

(
k
1

=
αωb

V f =2.044) and frequency ratio 

(
αω

ω f =0.327) and (ωf =33.095HZ,  Vf 

=584.624m/s). From above it is clear that the 
effects of the materials (7075-T6) and 
(Adv.Aluminum) are approximately equal in 
angular flutter frequency but the difference in 
the flutter speed is equal to (7.45%) using the 
same mass. But when using (Ti6A14V) the 
angular flutter frequency is less than the (7075-
T6) and (Adv.Aluminum) while the flutter 
speed is greater with high value of mass. The 
percentage between (Ti6A14V) and (7075-T6) 
is equal to (18.7%), and (Ti6A14V), 
(Adv.Aluminum) is equal to (12.2%). The 
percentages differ because of the wing mass 
difference.  
 
TAPERED WING 

From Table (6),and when using the 
(adv. Aluminum) in the wing design with 
changing thickness, it is seen that for 
configuration (3x5) with thickness equal to 
(0.003m) the first two natural frequencies are 
equal to (34.306HZ, 146.07HZ) with mass 
(17.098kg), Figs. (31) and (32) show the  

reduced frequency (
k
1 =

αωb
V f =4.769) and 

frequency ratio (
αω

ω f =0.429) and (ωf 

=62.66HZ,  Vf =1399.903m/s). And for the 
same thickness for (7075-T6) the first two 
natural frequencies are equal to (32.387HZ, 
137.75HZ), with mass (16.472kg), Figs. (13) 
and (14) show the reduced frequency 

(
k
1

=
αωb

Vf =4.675) and frequency ratio 

(
αω

ω f
=0.421) and (ωf =57.992HZ, Vf 

=1294.144m/sec). From Table (7) and for the 
same thickness when using the (Ti6A14V) the 
first two natural frequencies are equal to 
(32.07HZ, 136.88HZ) with mass (26.055kg), 
Figs. (35) and (36) show the reduced 

frequency (
k
1

=
αωb

Vf =5.79) and frequency ratio 

(
αω

ω f =0.405) and (ωf =55.436HZ, Vf 

=1592.679m/s). From above, it is found  that 
the effects of the materials (7075-T6) and 
(Adv.Aluminum) are different  in angular 
flutter frequency but the flutter speed 
difference percentage is equal to (7.5%) with 
the same mass approximately. But when using 
(Ti6A14V) it is found that the angular flutter 
frequency is less than the (7075-T6) and 
(Adv.Aluminum) while the flutter speed is 
greater with high value for mass. The 
percentage difference between (Ti6A14V) and 
(7075-T6) is equal to (18.7%) and (Ti6A14V) 
(Adv.Aluminum) is equal to (12.2%). These 
differences are because of the wing mass 
difference. 

From above, the material (7075-T6) is 
recommended for both wings rectangular and 
taper because it gives good results for flutter 
speed and angular flutter frequency with little 
mass. 
Figs. (1) and (2) show the bending and torsion 
mode shapes and the corresponding 
deformations of the material, type (7075-T6) in 
configuration (3x5) and shell thickness 
(0.001m) with beam cross section area of 
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(44x10-6m2). These deformations are due to 
free vibration in the rectangular wing. Figs. (3) 
and (4) show the bending and torsion mode 
shapes and the corresponding deformations of 
the material, type (7075-T6) in configuration 
(3x5) and shell thickness (0.003m) with beam 
cross section area of (44x10-6m2).  These 
deformations are due to free vibration of the 
tapered wing. 
 

          CONCLUSIONS 
From the results achieved in this work the 
following points may be concluded. 
Increase of radius of gyration (rα) tends to 
increase the flutter speed especially for higher 
mass ratio. The static unbalance (xα) increases 
(the distance between the rotation center and 
center of gravity) the flutter speed decreases 
because of the strong coupling between 
heaving and pitching motion.  

• The flutter speed is sensitive to the ratio 
of uncoupling natural frequencies, 
where the increasing of the frequency 
ratio increases the flutter speed and the 
flutter speed has a minimum near 

( 1=
αω

ωh ).With structure damping 

omitted the typical section model is 
neutrally stable until (V = Vf) for (V = 
Vf) the bending and torsion frequencies 
merge and for (V > Vf) the system is 
unstable. 

• With including structure damping (g) 
for small (V) all values of structure 
damping (g) are stable and flutter speed 
is sufficiently large (V) where structure 
damping (g) changes its sign from 
negative to positive. 

• The higher wing aspect ratio decreases 
the flutter speed, while the increasing 
of the taper ratio increases the flutter 
speed. The flutter speed changes 
linearly with the altitude and it is 
increased with increasing the altitude. 
Flutter prevention can be summarized 
by adding mass or redistribute mass so 
that (xα < 0) mass balance, increases 
torsional stiffness i.e. increase (ωα), 

Increasing or decreasing (
αω

ωh ) if it is 

near one (for fixed ωα), adding damping 
to the structure and require the aircraft 
to be flown below its critical mach 
number. 
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AXIAL FAN BEARING SYSTEM VIBRATION ANALYSIS 
Dr. Assim H Yousif          Dr. Muawafak A Tawfik          Dr. wafa Abd Soud 

  Mechanical Engineering Department, University of Technology, Baghdad. 

  ABSTRUCT 
 
           Rotating fan shaft system was investigated experimentally and theoretically to study its 
dynamic performance. The type of oil used for the bearing was taken in consideration during the 
experimental program .Three types of oil were used, SAE 40, SAE 50 and degraded oil. During 
the experiments, the fan blades stagger angle was changed through angles (20˚, 30˚, 40˚, and 
50˚). The shaft rotational speed also changed in the range of (0-3000 rpm). All these parameters 
have investigated for two cases (balanced and unbalanced fan). The performance parameters of 
the fan were found experimentally by measuring the fan, volume flow rate, Reynolds and 
Strouhal numbers, efficiency and pressure head. Analytical part was also represented to prepare 
the prediction of fan system dynamic performance. The aerodynamic forces and moments of 
each blade were also predicted to obtain the rotor dynamic future. Experimentally and 
theoretically the critical fan speed was obtained in the x and y direction for different lubricant oil 
viscosities and shaft rotational velocities for balanced and unbalanced fan. Analysis of the 
vibrational response gave important information about the dynamic performance of fan rotating 
system. Acceptable agreement was found between analytical and experimental results. 
 

  الخلاصة
ومة عمود إدارة مروحة دوارة تجريبيا ونظريا لدراسـة  تم اختيار منظ   

الزيت المستخدم في تزييت المساند  لقد تم أخذ نوع .يأدائها الديناميك
ثلاثـة أنـواع مـن زيـوت        . بنظر الاعتبار في برنامج الاختبار التجريبـي      

خلال التجـارب تـم   .وزيت منتهي الصلاحية SAE 50  وSAE 40التزييت استخدمت 
أن سـرعة   . 50° و   40 ° ،30 ° ،20°ة الريشة أربع مـرات وهـي        تغيير زاوي 

كل هذه المعالم   .  دورة بالدقيقة  3000المحور الدوار تتغير من صفر إلى       
إن معـالم أداء    . اختبرت لحالتي المروحة المتوازنة والغيـر متوازنـة       

المروحة تم تحديده بقياس معدل التدفق ألحجمي لجريان الهـواء ورقمـي             
كـذلك تـم انجـاز      . روهل وكفاءة المروحة وارتفاع الـضغط       رينولدز وست 

الجـزء النظـري للتنبـؤ عـن الأداء الـدينامي للمنظومـة للحـصول علـى         
تجريبيا ونظريا تـم الحـصول علـى الـسرعة الحرجـة            . دينامية الدوار   

مختلـف  ( لمختلـف أنـواع الزيـت    Yو   X  اتجـاهي المحـورين   يللمروحة ف
التحليـل  .  لحالتي التوازن وعدم التوازن     ومختلف سرع الدوران  )اللزوجة

النظري لاستجابة الاهتزاز أعطت معلومات مهمة للأداء الدينامي لمنظومـة           
كمـا وجـد أن هنـاك توافـق مقبـول بـين النتـائج النظريـة         . الـدوران 
 . والعملية
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INTRODUCTION 

          In the design study of turbo-
machinery, performance and rotor dynamic 
considerations are often in compromise. The 
rotor performance usually desires to 
maximize the volume flow rate and the 
pressure, and minimize the fluid energy 
losses, though a machine of limited size and 
weight. This generally suggests high shaft 
speed, and multiple stages. All of these 
features tend to create rotor dynamic 
problems. The goal of increasing the 
efficiency of machines is essential for their 
development. Engineers and Scientists work 
to reach ways and method to guide the 
designers to develop new designs to reach 
this goal. They develop machine designs in 
order to prevent the operations errors and to 
predict them early. 
The characterization of these errors and 
their causes is essential in the maintenance 
process in order to prevent the unexpected 
failure in these machines. These predicted 
errors can be found by using simple 
measuring equipments for vibrations and 
also by analytical methods. The causes of 
these vibrations can be predicted and the 
pre-prevented solutions can be found, which 
in fact would decrease the cost and increase 
the efficiency, which is the goal, and these 
are crucial in industry. This research,deals 
with the prediction of these errors, in order 
to reach this goal a fan rotor bearing casing 
system has been built up and vibration 
measuring equipments have been used. 
         The vibration in this system can be 
due to one of the following variables or 
combinations      of them: 
1.   Changing the stagger angles.  
2. Degradation of oil used. 
3. Changing revolution speed. 

4. Unbalance in fan or rotor shaft (crack, 
failure and dirt).  

         In addition to that, in the current research 
numerical solution, used to create, develop 
and modify computer      software to give 
the required results for the dynamic 
response for each system. 

 
     ROTOR DYNAMIC FUTURE 
 

           All fans generate some vibration. 
They continuously rotate and since nothing 
is perfect, cyclic forces must be generated 
.Its only when vibration reaches certain 
amplitude that may be call "bad". Vibration 
may just be an indicator of some problem 
with a mechanism, or it may be cause   of 
other problem .High vibration can 
breakdown lubricants in the bearings and, in 
addition may cause metal fatigue in the 
bearings. Excessive vibration can cause 
fasteners to loosen or can cause fatigue 
failure of structurally loaded components. 
Also vibration can be transmit into adjacent 
areas and interfere with precision processes, 
or create an annoyance for people. 
            Thus, experimental and numerical 
results can be used to analyze the vibrating 
signal (amplitude), and to predict the causes 
of these vibrations. The design of successful 
and reliable turbomachine requires 
cooperation and compromises between the 
two descriptions. From a rotor dynamic 
standpoint of view, the successful design of 
a turbomachine involves [Tohn,1988]. 
Avoiding critical speeds, if possible and 
minimizing dynamic response at resonance, 
if the critical speed is traversed. Minimizing 
vibration and dynamic load transmitted to 
machine structure through out the operating 
speed range. Avoiding 

turbine or compressor blade tip or seal 
rub, while keeping tip clearance and 
seals as tight as possible to increase the 
efficiency. Avoiding rotor dynamic 
instability and avoiding torsion vibration 

resonance or torsion instability of the 
drive train system. 
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        EXPERAMENTAL SET- UP 
 

           The axial fan used in the test rig is 
usually used in airconditioning system and 
industry. The fan is of ten blades aerofoil 
section [NACA 0021], each blade span is 
(120.8) mm, root chord is (61.7) mm, tip 
cord of (46.1) mm, leading edge twist angle 
is (14°), trailing edge twist angle is (zero) °. 
The fan located close to the shaft end. The 
fan blades material is  (AL–Cast–Alloy) of 
density (2650 kg/m3 ) and a young modules 
equal to 7600 kgf/mm2 [R.N.Peter, 1998]and 
each blade weights (0.196kg) .The stagger 
angles of the blade can be changed during 
the test from (20°  to 50°) by steps of 
(10°).The disk rotor diameter is (400 mm), 
maximum blade thickness is (5.15 mm),i.e. 
located at 20%, chord located from the 
leading edge. The fan duct diameter is 
(404.8 mm), thus the tip clearance is 2.4 
mm according to the data given in 
[L.Neuhaus, 2002] .The tip clearance can be 
varied by exchanging the casing segments 

using adjustable screw maintained on the 
outer diameter of the duct to take into 
account the unbalance effect of the fan 
during the experimental test. Figure (1) 
shows the fan photograph. According to 
[S.L.Dixon, 1978] which gave the power 
required calculation procedure a 1.5 kW 
motor is used to derive the fan. 
          The rotor system consists of a 
rotor shaft carrying the axial fan and 
two journal bearings. The bearings were 
selected according to the maximum 
rotor shaft speed (3000 rpm), using the 
information given in [R.N.Peter, 
1998].The motor speed was controlled 
by using invertors. 
          Two accelerometer in the x and y 
directions were mounted on the journal 
bearing by means of  epoxy resin so that 
the surfaces were kept flat and smooth 
where the sensor is located as in figure 
(2). 
Laser tachometer with the SBS Portable 
Balancer is used to measure 

relationship between measured vibration 
and the spinning rotor. This information 
is important in determining position of 
balance weight. 
    
ASSUMPTION 
       For the sake of analysis, the following 
assumptions are adopted: 
1. Axial fluid flow is constant along the 
blade. 
2. Aerodynamic forces which are cased by 
air flow act on the center line of the blade 
surface.       
3.  Assume incompressible fluid flow.    
4. Coefficients of damping and stiffness are 
to be changed during the rotation speed in 
the journal bearing. 
         For the present purpose of 
investigation, the system can be reduced 
into two coupled beams. The shaft and the 

casing are treated as a simply supported 
beam [M.A.Tawfik, 1996] rested between 
two bearing and supporting structure as 
shown in Figure (3). 
 
SYSTEM STATE VECTOR 
The state vector at any point in the system 
(Fan blade –Disk – Rotor –Bearing) is the 
state vector of the station (i). There are two 
state vectors, one to the left L

i[Z]   , and the 
other to the right   [Z]R

i contains two 

displacement component (y) and ( )φ , that is 
the deflection and mode shape , also 
associated state with these displacements 
are internal force (V) and moment (M), i.e. 
shear force and bending moment 
respectively . The state vector [Z]i   can be 
written as indicated in [M.A.Tawfik, 1996] 
and [I.Wattar, 2000]. 
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{ }iZ  = {ZS XS YS  ZSφ  XSφ  YSφ MZS   

 MXS   MYS VZS VXS VYS ZC XC YC  ZCφ   

XCφ  YCφ  MZC MXC MYC VZC VXC VYC  1 }      
                                           (1) 
Where X, Y and Z represent the deflection 
in x, y and z respectively, 

ZSφ   is the torsion angle about Z-axis, 

XSφ , YSφ are the components of the mode 
shape in x, y axis, 
MZ is the torsion moment about Z-axis, MX 
and MY are the bending moment about x 
and y axis’  
VZ is the axial force in Z-direction, 
VX  and VY  are the shear force in x and y 
directions, and subscripts C and S are 
indicated casing and rotor respectively.     
 

     UNBALANCE  FORCES 

           Unbalance forces is defined as the 
allowance for a circumferential change in its 
position. It is a kind of excitation for the 
system. The unbalance force component  
[M.A.Tawfik, 1996and Barth, 1976] 
according to Figure (4) may be written as; 
 

tUtUU xyy ΩΩ−ΩΩ=Ω sincos *2*22
               

                                                        (2) 

tUtUU yxx ΩΩ+ΩΩ=Ω sincos *2*22
                 

                                                        (3)    
 

While as a complex function                                            
                                                                               

 *2*22
xy UjUU y Ω+Ω=Ω           (4)                                          

 *2*22
yx UjUU x Ω−Ω=Ω          (5)   

               

POINT MATRIX (MASS ELEMENT 

MATRIX): 

   There are four cases for the point matrix. 
These cases cover all the possible 
arrangement at any station along the system 
as shown in figure (5)and they overall used 
to analyze the theoretical solution . 

1- Lumped mass at the station (i): 
  a- lumped mass on rotor and casing 

[M.A.Tawfik, 1978]  
  b- Lumped mass on rotor and 

imaginary lumped mass on casing. 
2- Bearing station  
3- Pulley at the shaft and lumped mass 

on the casing. 
4- Branch of fan blade. 
There are two kinds of point matrix one 

where there are two real masses of casing 
and shaft as in Figure (6) and another one 
where there is imaginary part at the casing 
and real   part in shaft's   mass as   in Figure 
(7). For the case(2)(bearing station)take the 
equilibrium of journal bearing in X and Y-
direction then find the deflection ,slop, 
shear force  and bending moment for this 
case as in figure (8). 
Where  

[ ] [ ][ ] [ ]HHWGGQQ 1−=  

[ ] [ ][ ] [ ]RRWGGDD 1−=   
][]][[][][ 1

22 RRWRRssD −
× −=   , 

and [ ] ][][]][[ 1
22 RRHHWRRQ −= −

×  
Where  

[ ] ⎥
⎦

⎤
⎢
⎣

⎡
Ω+Ω+
Ω+Ω+

=
XXXXXXYYXY

YXXYXYYYYY

cjKcjK
cjKcjK

GG

Where      

[ ]
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

+Ω++Ω−Ω+
Ω++Ω++Ω−

=
xxcxxcxxccxycxy

cyxcyxyycyycyyc

Zcjkmcjk
cjkZcjkm

ss 2

2

where     

4 
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[ ]
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

Ω+Ω+++Ω−Ω+Ω++
Ω+Ω++Ω+++Ω−

=
xxcxxxxcxxpxyCXYxyCXY

yxcyxyxcyxcyyyycyyp

cjcjkkmcjcjkk
cjcjkkcjkkm

W 2

2

  

[ ]
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

Ω+−Ω−Ω+
Ω+Ω++Ω−

=
cxxcxxpcxycxy

cyxcyxcyycyyp

cjkmcjk
cjkcjkm

HH 2

2

  

[ ] ⎥
⎦

⎤
⎢
⎣

⎡
Ω+Ω+
Ω+Ω+

=
cxxcxxcxyCXY

cyxcyxcyycyy

cjkcjk
cjkcjk

RR      

In case (4)The point matrix take in  to 
consideration the effect of branch   because 
of the dynamic load and gyroscope moment 
effect on the brunch system (moving 
blade)and the difference between the 
magnitudes properties of mass element 
(i).For the point matrix in the direction of 
the system will be as shown in figure (9). 

 
COMPUTER PROGRAM CODE 

            A computer program written 
in FORTRAN 77 has been developed to 
embrace the theoretical work. The program 
adopted Figure (3) as a lumped masses 
distributed uniformly with circular shapes, 
negligible weight, having rigidity equal to 
the actual systems rigidity. The program 
takes into consideration the effect of, 
gyroscopic moment, shear force, moment of 
inertia for rotor and casing, Stiffness and 
damping coefficients of journal bearing and 
the Branch of the fan blade. To minimize 
the error and to enhance the accuracy of the 
results, non- dimensional terms are 
implemented. 

The fan blade branch and journal 
bearing system have been reduced to a 
single matrix for the purpose of the solution 
.The rotor shaft has been divided in to (33) 
stations of masses and (32) of massless 
sections .The program has the ability to find 
the deflection, mode shape, shear force and 
moment for each station along the shaft and 
casing for a rang of speed (0-3000) rpm   

The program was developed for the 
rotor, casing and branch system .In order to 
evaluate the final matrix, the point matrices 
are multiplied by the field matrices and 
boundary conditions are applied for the 
system to find the state vector in three 
dimensions along the system for every 
rotating speed and for different stagger 
angle and different oil viscosity in the 
journal bearing.  

 

Performance Characteristic of 

the Fan 
         Results were obtained for a range 

of flow rate and various stagger angels of 
the fan blade at three different kinematics 
viscosity of oil used in bearing system, so 
that, the fan performance data could be 
generated. Sample of the fan performance 
characteristics is illustrated in Figure (10) as 
plots of qualitative performance curve for a 
typical fan stagger angle [40º] and for 
lubricant oil SAE 40 (Kinematics Viscosity 
=140 c.s), the efficiency curve leans more to 
the right; the head tends to decrease with 
flow rate increasing. The fan efficiency 
drops off rapidly for volume flow rate 
higher than that at the best efficiency point. 
The net head curve also decreases 
continuously with flow rate, although there 
are some wiggles. If the fan operated below 
its maximum efficiency point, the flow 
might be noisy and unstable which indicates 
that the fan may be oversized (large than 
necessary) [Franklyn, 2002]. For this reason 
it is usually best to run a fan at, or slightly 
above its maximum efficiency point. 

          In the duct fan,  a vortex 
shedding will appear in the flow down 
stream of the fan in addition to unsteady 
flow which can be represented by non-
dimensional group, Strouhal number(St). 
Figure (11) shows a non-dimensional 
numbers, Reynolds number (Re) and (St) of 
the duct fan. 
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  (St) represents the characteristic 

dimension of the body (D) times the system 
frequency of vibrations (f) divided by the 
fluid free stream velocity (U∞). For axial 
fluid flow, the characteristic dimension 
taken as the outer diameter of the fan 
[McGraw-Hill, 2006], also the Re based on 
the outer diameter of the fan [Franklyn, 
2002].  It can be seen from this figure, that 
at low stagger angle [20°  low flow rate ], 
the shedding frequency is fluctuating on the 
fan system ,due to  the generation of forces 
on the fan structure .The vortex will be 
existed down stream of the fan [Yunus, 
2006], and increased as the rotor speed 
increased .On the other hand, when using 
degraded oil (kinematics viscosity =117 c.s) 
at stagger angle equals  (40º) and (50°) the 
value of strouhal no. is relatively high. At 
the stagger angle (30º), the vibration is at 
low values (St=0.5) and sharply increase to 
higher values (St=1.4) at Re=1.5x105. As 
Re increase the fluctuation behaviors of St 
and appeared to be more stable ranging 
between 1.32 and1.5. However, the St 
would seem to be higher at stagger  angle ( 
40°) and increase as the oil's viscosity 
increases, but at angle (50º), the vibration 
still be exist. However, these fluctuations 
are less than that for stagger angle (20°), but 
it is still high and become higher when 
using degraded oil. Due to swirl fluid 
downstream of the duct fan which leads to 
waste of kinetic energy and a high level of 
turbulence; this wasted kinetic energy 
partially reduced the level of the turbulence 
by using stator. 

 
AMPLITUDE IN (X) AND (Y) 

DIRECTION: 
 
      Theoretical and experimental 

amplitude in X and Y directions for 
different system rotating speed, stagger 
angle and viscosity are indicated in figure 
(12). The remarkable point raised from this 

Figure is that the natural frequency occurs 
at the same speed in x and y directions and 
the amplitude in the x-direction higher than 
its values in the y-direction for the first 
appear of the natural frequency. At some 
rotating speed natural frequency appears in 
the x directions and disappears in the y 
direction. Also it can be seen that the 
amplitude in x and y decreased when 
stagger angle is increase. The behavior of 
the theoretical work is the same in the x and 
y directions with slight differences. The 
amplitude of vibration in the x-direction 
decreases as the stagger angle increases. 
The closeness between experimental and 
theoretical results are acceptable (0-19.2%). 
The difference in values of x and y 
directions amplitude demonstrate the 
difference in stiffness coefficients. While 
Figure (13) shows that many natural 
frequencies occurred with high viscosity 
figure of oil in journal bearing for the same 
range of rotor speed. Also some natural 
frequencies appear in x and disappear in y 
directions. 

Figure (14) shows that the amplitude in 
x and y directions decreased as the stagger 
angle increased. Figures (15) and (16) show 
a comparison between the experimental and 
theoretical work for x and y amplitudes 
versus rotor speed for different stagger 
angle and oil viscosity. The main 
conclusion raised from these results is that 
the experimental and the theoretical results 
are close to each other except at stagger 
angle 40˚. 

 
EFFECT OF UNBALANCE FORCE 

ON THE VIBRATION ANALYSIS 
 
       Two masses of (m1=8 gm, m2=16 

gm) are replaced at a radius of 62 mm from 
the fan hub center line, to measure the effect 
of unbalance masses on the system response  
of the vibration at bearing station(21). 

       Figure (17) shows the amplitude in 
x-direction .It can be seen that the amplitude 
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of vibration at balance force is small in 
magnitude and increases when the 
unbalance forces are increased. The 
maximum amplitudes in all the cases, 
Figure (18), occurred at a rotor speed (1339 
rpm).The maximum amplitude appears at 
stagger angle 20º which is equal to 
(3.25x10-4) and decrease as the stagger 
angel is increased. When  the rotor speed 
approaches 1700 rpm, the amplitude of 
vibration appears with large magnitude, but 
less than that for rotor speed of (1339)rpm 
.While in y- direction, as shown in 
figure(18), the amplitude is less in 
magnitude, but also it is maximum at (1339 
rpm), approximately equal to 1x10-4m . The 
amplitude increases as the unbalance force 
increases. However Figure (18) shows that 
the modulus of the amplitudes increases 
drastically at and grater than the rotor speed 
(1700 rpm). These results indicated that the 
effects of unbalance forces are highly 
dangerous on the fan system operations and 
this effect may damage the system.  

 
CONCLOSION REMARKES 
 
Strouhal and Reynolds numbers 

represents clearly the flow and system 
frequency characteristics. Vibration 
response measurements and prediction yield 
great deal of information concerning any 
faults within rotating machines. The 
identification of common mass unbalance 
by vibration analysis is very well developed 
and can be performed in many ways. The 
experimental and the theoretical results are 
agreed well except one case. The natural 
frequency occurred in all cases 
approximately at the same speed in x and y 
directions. 
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EXPERIMENTAL INVESTIGATION OF INDIVIDUAL 
EVACUATED TUBE HEAT PIPE SOLAR WATER HEATING 

SYSTEMS 
 

Khalid A. Joudi and Hassan N. S. Al-Joboory 
Department of Mechanical Engineering, College of Engineering, University of Baghdad, Baghdad, 

Iraq. 
 

ABSTRACT 

The work involves outdoor experimental testing of ten individual evacuated tube heat pipe 
solar water heating systems with heat pipes of three diameter groups of 16, 22 and 28.5 mm. 
The first and third groups had evaporator lengths of 1150, 1300 and 1550 mm. The second 
group had an additional length of 1800 mm. all heat pipes were of fixed condenser length of 
200 mm. Ethanol at 50% fill charge ratio of the evaporator volume was used as the heat pipes 
working fluid. Each heat pipe condenser section was inserted in a storage tank and the 
evaporator section inserted into an evacuated glass tube of the Owens- Illinois type. The 
combined heat pipe and evacuated glass tube form an active solar collector of a unique design. 
The resulting ten solar water heating systems were tested outdoors under the meteorological 
conditions of Baghdad, Iraq. Experiments were carried out with no load, intermittent and 
continuous load conditions. Some tests, at no load, were carried out with and without 
reflectors. The overall system efficiency was found to improve with load conditions by a 
maximum of 55%. The system employing an 1800 mm evaporator length and 22 mm heat pipe 
(HP7) showed the best performance by higher water temperatures, overall useful energy gain 
and efficiency at various load conditions. System performance was predicted theoretically 
using electrical analogy derived from an energy balance. An agreement of within 14% was 
obtained between theoretical and experimental values.  

 
 الخلاصة

وب الحراري في                 يتضمن البحث فحصا تجريبيا بالخارج لعشر         سيه ذات الأنب ة الشم اه بالطاق سخين مي منظومات ت
ثلاث أقطار هي            ة ب ستخدم أنابيب حراري رغ ت م 28.5 و22 و16الأنبوب المف تكونت مجموعتي الأنابيب ذات القطرين     .  مل

ة طولا اضا            1550 و   1300 و 1150الأول والثالث من أنابيب بأطوال مبخر         1800فيا هو     ملم بينما شملت المجموعة الثاني
غ        . ملم م 200آانت جميع الأنابيب بطول مكثف ثابت يبل سبة         .  مل ائع شغل بن انول آم ه بالايث ع الأنابيب الحراري شحنت جمي

وب زجاجي                      . من حجم المبخر  % 50شحن بلغت    اء وادخل المبخر في أنب تم إدخال المكثف لكل أنبوب حراري في خزان م
د                       ألينويز وأصبحت ال    -مفرغ من نوع أوينز    صميم فري ال ذو ت ك تكون لاقط شمسي فع ة الناتجة من ذل ة المرآب آانت  . وظيف

م                        سية والتي ت ة الشم اء بالطاق سخين الم المنظومات الناتجة عشرة منظومات فردية ذات أنبوب حراري في الأنبوب المفرغ لت
ذه المنظومات ب     . فحصها تجريبيا في الظروف الجوية لمدينة بغداد    ى ه دون حمل وبحمل متقطع وحمل     أجريت التجارب عل

وب            . آما أجريت بعض التجارب بدون حمل مع سطح عاآس وبدونه         . مستمر ة ذات الأنب وقد تحصل أفضل أداء من المنظوم
اء ساخن                      22 ملم وقطر    1800 بطول مبخر    HP7الحراري   درجات حرارة م ل ب ذي تمث ين المنظومات العشر وال  ملم من ب

ة للمنظومات       . فاءة أعلى مع جميع أشكال التحميل   أعلى وتخزين طاقة حرارية آلية وآ      اءة الكلي تبين من خلال البحث أن الكف
ة مقاومات               %.55الشمسية تحسنت مع التحميل بمقدار أقصاه        سية باستخدام منظوم ل نظري للمنظومات الشم ام بتحلي تم القي

د مقارن                سية وعن ة الشم زان الحراري للمنظوم ة            آهربائية مناظرة متأتية من الات تنتاجات النظري ذه الاس ي مع ه ة الأداء العمل
  .بين القيم النظرية والقيم العملية% 14حصل توافق جيد بحدود 

  
Keywords: Solar heat pipe; Evacuated tube heat pipe solar collector; Heat pipe solar water 
heater 
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INTRODUCTION 

Heat pipes are being used in solar 
collectors as the heat absorbing component 
for their rapid response to solar radiation 
changes [Bairamov and Toiliev 1982], 
freeze tolerance [Radhwan et.al 1990], 
eliminating corrosion problems and thermal 
diode benefit. They permit the collection of 
solar energy at low solar radiation levels of 
140 W/m2 vs. 250 W/m2 for flat plate 
collectors [Ward and Ward 1979]. Heat 
pipe absorbers have been suggested for flat 
plate solar collectors and evacuated tube 
collectors [Ortabasi and Buehl 1980], 
where high rates of heat are transferred 
from the absorber (evaporator section) to 
the heat- rejecting end (condenser section) 
at a very small temperature difference.  

The incorporation of heat pipes with 
conventional flat plate and evacuated tube 
solar collectors has been investigated by 
many workers [Bairamov and Toiliev 1982, 
Akyurt 1984, Hammad 1995, Chun et.al 
1999, Nada et.al 2004, Sivaraman and 
Mohan 2005, Hussein 1997, Walker et.al 
2004, Ng et.al 2000, Praene et.al 2005 and 
Mahdy 2005] However, only a limited 
number of works has been devoted to the 
utilization of the evacuated glass tube solar 
collectors. No works were cited involving a 
heat pipe within an Owens- Illinois 
evacuated tube serving as a thermosyphon 
solar water heating system.  

The present work investigates 
experimentally the use of wickless heat 
pipes of various lengths and diameters 
within an Owens- Illinois evacuated tube to 
form a solar collector connected directly to 
a storage tank. Ten such solar water heating 
systems were tested outdoors for 
performance evaluation. Effects of heat 
pipe evaporator length and diameter on the 
performance were assessed. 

 
THE SOLAR WATER HEATING 
SYSTEMS 

Each solar water heating system 
consists of an evacuated glass tube, a heat 

pipe, a storage tank and a flat reflector, 
mounted on a stand and facing south. Ten 
individual heat pipe solar systems were 
built, each with the same evacuated glass 
tube but a different heat pipe. Fig. 1 shows 
four individual systems ready for 
simultaneous testing. Details of heat pipes 
HP1- HP10 and design specifications of the 
ten systems are given in Table 1. Ethanol 
was chosen as the heat pipe working fluid 
for all systems, with a fill charge ratio of 
50% of the evaporator volume. The 
evaporator section of the heat pipe was 
placed inside the evacuated glass tube, 
whereas the condenser section was situated 
in the water storage tank. The evacuated 
glass tubes were all Owens- Illinois type, 
model 47-58-1800-YCF. 1 mm thick 
aluminum reflectors were positioned 
behind the evacuated glass tubes for better 
reflection [Kreider and Kreith 1981]. The 
capacity of the storage water tanks was 
within the recommended range of 7.25 
liters [Kreider and Kreith 1981, Kreider 
and Kreith 1975]. One side of the tank was 
cut at 45o to facilitate receiving the heat 
pipe condenser into the tank. The inlet and 
outlet tubes to the storage tank were drilled 
for temperature sensors. A 3 mm air-vent 
tube was provided at the top of the tank. 
The temperature distribution along the 
height of the storage water was measured 
by three thermocouples within a 5 mm 
diameter probe. The heat pipe evaporator 
section was aligned at the center line of the 
evacuated glass tube. The solar water 
heating systems were inclined at an angle 
of 45o for winter operation in Baghdad 
(33.3o N). 

Temperatures at various locations of 
each heat pipe solar system (inlet and outlet 
storage water, evacuated tube surfaces, heat 
pipe evaporator surface and ambient) were 
measured by calibrated copper- constantan 
thermocouples connected to a digital 
readout. The mean tank temperature was 
taken as the average of the three 
temperature readings. The load water flow 
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rate was measured by a calibrated 
Rotameter. The outdoor experiments were 
carried out in Aِpril, May, June, July, 
August and September of 2008 on sunny 
days. Test data were considered constant 
for a period of time of half an hour for an 
operating period from 8:00 a.m. until 16:00 
p.m. Also, data was recorded for a one hour 
period from 16:00 p.m. till 24:00 p.m. 
Systems incorporating heat pipes HP3, HP7 
and HP10 were operated at different 
weather conditions and systems 
incorporating heat pipes HP1, HP2 and 
HP3 were operated with and without 
reflectors and at various hot water storage 
capacities. All individual systems were 
subjected to three load conditions; these are 
no- load, intermittent load, and continuous 
load. The experiments with no load 
condition were carried out with three 
storage capacities of 5.25 l, 6.25 l, and 7.25 
l. Intermittent loading experiments were 
carried out with three hot water removal 
quantities of 0.5 l, 0.75 l, and 1 l for five 
minuets at the beginning of every hour 
from 10:00 a.m. to 14:00 p.m. Continuous 
loading tests were carried out with seven 
values of hot water withdrawal rates of 0.5, 
1, 2, 3, 4, 5, and 6 l/ hr. Each withdrawal 
process continued from 8:00 a.m. to 18:00 
p.m.  

The overall collected heat is 
determined from the measurements of 
storage tank temperatures at the start and 
end of the operating period from 8:00 a.m. 
till 18:00 p.m. by; 
 

)( msmfwto TTcMQ −=                  (1)
      
 
The daily overall or bulk efficiency of the 
system was then calculated from; 
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With load conditions, the overall heat 
collected was estimated from the equation; 
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This equation was further simplified to the 
following form; 
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Where k is the number of time intervals, 

it∆ , during the loading period, and   
Whereas, the overall or bulk system 
efficiency was calculated from the 
equation; 
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The solar radiation intensity was calculated 
using the ASHRAE clear sky model 
[Farber and Morrison 1977].  
 
RESULTS AND DISCUSSION 
 Performance curves are generally 
represented by the variation of the mean 
water temperature in the tank, the daily 
overall useful heat gain and the overall 
(bulk) efficiency of the systems. Fig. 2 
shows a typical variation of the mean tank 
temperature (Tm) with time for different 
storage capacities for solar system 
incorporating heat pipe HP7. The variation 
of Tm is similar in all systems. The mean 
tank temperature increases with time, 
reaches its maximum value at the period 
between 14:00 p.m. and 16:00 p.m., and 
then decreases slightly. Fig. 2 also shows 
the effect on Tm of the storage capacity. 
Higher values of Tm are obtained with 
smaller storage capacity. Tm reached 75.6 
oC, 82.4 oC and 89.5 oC with storage 
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capacities of 7.25 l, 6.25 l and 5.25 l 
respectively. Reduced quantities of stored 
heat are obtained with decreased storage 
capacities due to the increased heat losses 
from the storage tank, resulting in reduced 
bulk efficiency. The overall stored heat and 
overall efficiency increased with storage 
capacity from 713 kJ and 20% to 1358 kJ 
and 54.1%, as shown in Figs. 3 and 4 for 
various solar systems. The mean tank 
temperature is observed to increase with 
systems of longer evaporator heat pipes for 
the 22 mm diameter group as shown in Fig. 
5. An increase from 1150 mm to 1800 mm 
in the evaporator length resulted in an 
increase of 3.4 oC to 10.3 oC in the 
maximum value of Tm. A similar 
observation was concluded for systems 
incorporating heat pipes of the same 
evaporator length but different diameters, 
as shown in Fig. 6. Higher temperatures are 
obtained with systems of larger heat pipe 
diameters. An increase from 16 mm to 28.5 
mm in the heat pipe diameter resulted in an 
increase of 8.7 oC to 12.4 oC in the 
maximum value of Tm due to the increased 
radiative heat transfer attained by the 
increased heat pipe evaporator surface area. 
The effect of reflectors on the mean tank 
temperature at no load conditions is shown 
in Fig. 7 with heat pipe HP3. The presence 
of reflectors increased the maximum mean 
tank temperature by 6.5 oC to 16 oC, 
accompanied with an increase in the overall 
stored heat by 1.7% to 17.4% and the 
overall efficiency by 1.8% to 14.7%, as 
shown in Fig. 8. These results agree with 
those obtained in other works [Ward and 
Ward 1979, Mahdy 2005]. From the above 
results, it is concluded that increased mean 
tank temperatures are attained with 
decreased storage capacities. While 
increased overall stored energy and 
efficiency are attained with increased 
storage capacities for all individual heat 
pipe solar systems. Therefore, such systems 
perform better with increased storage 
capacities and with reflectors.  
 To study the effect of intermittent 
load conditions, a fixed quantity of hot 
water was withdrawn from the storage tank 

at the beginning of each hour during the 
period from 10:00 a.m. to 14:00 p.m. This 
pattern of loading was recommended by 
[Esen and Esen 2005] under cold climates 
of Turkey, which is found practical for 
Iraq. The amounts of water withdrawn were 
0.5, 0.75 and 1 l in a period of five minuets. 
Fig. 9 shows the results for the system with 
heat pipe HP7. The trend of variation is 
similar in all systems. Tm increases 
gradually, drops suddenly with each hot 
water removal, increases slightly after the 
removal process and increases continuously 
after the last removal process until the end 
of operation period. The sudden drop in Tm 
with hot water removal is due to the entry 
of a corresponding amount of cold mains 
water into the storage tank. This drop in Tm 
depends on the system involved, the 
quantity of hot water removed and the 
supply water temperature. A temperature 
drop of 1.5 oC to 3.2 oC was observed after 
each withdrawal process. Fig. 10 depicts a 
typical behavior of varying heat pipe 
evaporator length at equal diameters on the 
variation of Tm with hot water removal 
quantity of 0.75 l. A higher Tm was attained 
by systems incorporating heat pipes of 
longer evaporators. An increase in the 
overall daily useful energy of within 2.7% 
to 23.4% was observed corresponding to 
increasing evaporator length from 1150 
mm to 1800 mm. A difference of Tm value 
of the various systems undergoing the same 
loading quantity was within 0.1 oC to 3.6 
oC. Fig. 11 compares variation of Tm in 
systems with heat pipes of equal evaporator 
length but different diameters. Increased Tm 
was observed with increased heat pipe 
diameter. It is noticed in Figs. 10 and 11 
that Tm and the outlet temperature 
continued increasing in spite of the hot 
water removal. This indicates that the heat 
input to the storage tank is more than that 
withdrawn by the load water. Tm continued 
rising after the last hot water removal at 
14:00 p.m. to the end of the operation 
period to reach 61.5 oC and 78.1 oC 
depending on system specifications. The 
daily total useful energy increased from 
1830 kJ to 2850 kJ and the overall daily 
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efficiency of the systems from 55.7% to 
83.9% for longer heat pipes and increased 
loading, as shown in Figs. 12 and 13. The 
solar system with heat pipe HP7 showed 
the best performance among the ten 
systems. A higher Tm value was attained by 
this system with higher overall daily useful 
energy and efficiency. In general, system 
performance increased with increased heat 
pipe evaporator lengths and diameters. The 
overall useful energy was more by 55% 
with loading.  
 The experimental systems were 
subjected to continuous loading at various 
hot water removal rates. Each water 
withdrawal process continued along the 
whole operation period from 8:00 a.m. to 
18:00 p.m. The flow rates used were 0.5, 1, 
2, 3, 4, 5 and 6 l/ hr respectively. Fig. 14 
shows typical results of the variation of the 
mean tank temperature with the seven 
removal rates for the system with HP7. A 
remarkable decrease of the mean tank 
temperature with increased removal rate is 
observed. This is a normal behavior due to 
the continuous entry of corresponding 
amounts of cold mains water into the 
storage tank. As a result, the overall useful 
energy is affected by the hot water removal 
rate. The experimental systems showed 
increased overall useful energy and 
increased overall efficiency with increased 
hot water removal rate accompanied with a 
decrease in the mean tank temperature. Fig. 
15 shows a typical variation of Tm with 
varying heat pipe evaporator lengths at a 
diameter of 22 mm at a removal rate of 3 l/ 
hr. Whereas, Fig. 16 shows the effect of 
varying heat pipe diameter at equal 
evaporator lengths of 1150 mm on the 
variation of Tm at 5 l/ hr continuous 
loading. Higher values of Tm were obtained 
by heat pipe systems of longer evaporators 
and larger diameters as before as well as 
improved daily overall useful energy gain 
and efficiency. An increase from 1150 mm 
to 1800 mm in heat pipe evaporator length 
resulted in an increase of 3.7% to 31.8% in 
the overall useful energy, while an increase 
from 16 mm to 28.5 mm in the heat pipe 

diameter caused an increase of 6.7% to 
11.6%. It was observed that with flow rates 
of 0.5 to 5 l/ hr, the overall useful energy 
increased significantly with increased flow 
rates. However, a decrease was observed in 
the overall useful energy and the overall 
efficiency when removal quantities 
exceeded 5 l/ hr, as shown in Figs. 17 and 
18. This is thought to be due to the system 
being incapable of providing the required 
heat at these loading conditions. An 
optimum removal rate of 5 l/ hr was 
concluded, at which best performance was 
obtained. It is also concluded that all 
experimental solar systems performed 
better with load conditions. Higher water 
temperatures were obtained with no load 
condition, while higher amounts of overall 
useful energy and efficiency were obtained 
with load conditions. This is typical with 
domestic solar hot water systems. 

The solar system with heat pipe 
HP7 showed the best performance among 
the experimental systems with all load 
conditions. The trend of variation of the 
mean tank temperature with time in the 
present work is similar to that in several 
works [Akyurt 1984, Chun et.al 1999 and 
Noren 1981], as shown in Fig. 19. 
However, the peak values are different due 
to the differences in design specifications 
and operation conditions of each system. A 
comparison can be carried out 
meaningfully only for the overall efficiency 
of the present systems with those in the 
literature, as given in Table 2. 

The performance of the present 
solar systems was predicted theoretically 
from electrical analogy derived from 
energy balance of the system components. 
The model is similar to models of two 
commercial evacuated tube heat pipe solar 
systems [Walker et.al 2004 and Ng et.al 
2000]. The model [Al-Joboory 2009] 
assumes that all of the absorbed solar 
energy is transferred directly to the storage 
tank via the heat pipe action and neglects 
heat losses from the system components 
except the storage tank. Any heat 
accumulation in the evacuated glass tube 



EXPERIMENTAL INVESTIGATION OF INDIVIDUAL 
EVACUATED TUBE HEAT PIPE SOLAR WATER 
HEATING SYSTEMS 

Khalid A. Joudi  
Hassan N. S. Al-Joboory 

 

208 
 

was neglected i.e. time lag is not evident in 
the model. The predicted overall useful 
energy is greater by 14%, 10% and 11.5% 
for no load, intermittent and continuous 
loading, as shown in Fig. 20.  

 
CONCLUSIONS 
1. The performance of the heat pipe hot 
water system is improved with increased 
heat pipe length and diameter. 
2. Higher water temperatures are obtained 
with no load at lower storage water 
capacity while higher stored heat and 
overall efficiency with higher storage water 
capacity. 
3. The best performance was obtained for 
the system employing heat pipe HP7.  
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NOMENCLATURE 
Aa Absorber surface area                   m2 
cw Specific heat of water                   kJ/kg.oC 
D         Heat pipe diameter        m 
It Solar Insolation                   W/m2

 
k          Number of time intervals                  ----- 
Lev       Heat pipe evaporator length       m 
Lco       Heat pipe condenser length       m 
m&  Mass flow rate                    kg/s 
M Mass of water (tank, load)                                   kg 

oQ       Overall useful energy gain       kJ 
t Time                     s 
T Temperature                                                                         oC 
Greek symbols 
α Absorptivity                                                                                                   ----- 
β Inclination angle from the horizontal                           Degree 
∆ Difference                   ----- 
ε Emissivity                                                                                                      ----- 

oη  Overall efficiency                  ----- 
τ Transmissivity                   ----- 
 
Subscripts 
a Ambient 
b          Bulk 
i In 
m         Mean 
max Maximum 
mf Final mean value 
ms Starting mean value 
l           Load 
o          Out 
t Tank 
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Table (1) Design specifications of the individual evacuated tube heat pipe solar water heating 
systems with heat pipes HP1- HP10. 

Part Item Design Specifications 
Type Evacuated tube heat pipe solar collector Solar 

collector Absorber area 0.265 m2 
Type Gravity assisted wickless  heat pipe without adiabatic section 

Material Copper 
Code HP1 HP2 HP3 HP4 HP5 HP6 HP7 HP8 HP9 HP10 

Diameter (mm) 16 16 16 22 22 22 22 28.5 28.5 28.5 
Lev (mm) 1150 1300 1550 1150 1300 1550 1800 1150 1300 1550 
Lco (mm) 200  

Heat pipe 

Working fluid Ethanol 
Material High quality borosilicate glass  
Length 1800 mm 

Outer tube  Φ 58 mm 
Inner tube  Φ 47 mm 

Glass thickness 1.6 mm 
Vacuum   10-4 torr 
Coating Graded Aluminum Nitride/ Aluminum  

Transmittance 0.93 
Absorptance > 95% 

Evacuated 
glass tube 

Emittance 7- 8% (at 80 oC) 
Material Aluminum sheet  Flat 

reflector Size 1800 mm× 400mm 
Material Galvanized steel 0.8 mm thick Storage 

tank Capacity 7.25 l (max.) 
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Table (2) Comparison of the overall daily efficiency with various works. 
Design specifications 

Works Load condition Collector type Lev  Lco  Working fluid 
ηOverall   

% 

No load  54.12 

Intermittent load 83.9 

Present work   
(individual 
heat pipe 
systems) Continuous load 

Evacuated  tube- 
heat pipe solar 

collector 

1.8 
(m) 

0.2 
(m) Ethanol 

81.5 

No load  Ethanol 48 
Mahdy [2005] 

Continuous load 

Evacuated tube- 
heat pipe 
collector 

1.2 
(m) 

0.2 
(m) H2O 61 

Akyurt [1984] No load  flat plate  heat 
pipe collector 

2.1 
(m) 

1.2 
(m) Ethanol 52 

Noren [1981] No load  flat plate heat 
pipe collector  

2.1 
(m) 

1.2 
(m) Ethanol 49 

Chun et al. 
[1999] No load  flat plate heat 

pipe collector 
1.7 
(m) 

0.2 
(m) Ethanol 45 
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Figure (1) A photograph of four different evacuated tube heat pipe solar water heating 
systems with instrumentation. 
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Figure (2) Variation of the mean tank temperature at various storage capacities. 
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Figure (3) Effect of the storage capacity on the daily overall stored heat. 
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Figure (4) Effect of the storage capacity on the daily overall efficiency. 
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Figure (5) Variation of the mean tank temperature with different evaporator lengths. 
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Figure (6) Variation of the mean tank temperature with different diameter heat pipes. 
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Figure (7) Effect of reflectors on the mean tank temperature. 
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Figure (8) Effect of reflectors on the overall stored energy and efficiency at different storage 

capacities. 
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Figure (9) Effect of intermittent loading on Tm for solar system with heat pipe HP7. 
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Figure (10) Effect of intermittent loading for the 22 mm diameter heat pipe systems on Tm. 
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Figure (11) Effect of the heat pipe diameter with intermittent loading for systems with 1550 

mm evaporator heat pipes. 
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Figure (12) Effect of the heat pipe evaporator length, at 22 mm diameter, on the overall useful 

energy at various loading conditions. 
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Figure (13) Effect of the heat pipe evaporator length, at 22 mm diameter, on the overall 

efficiency at various loading conditions. 
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Figure (14) The effect of continuous loading on the mean tank temperature. 
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Figure (15) Mean tank temperature variation with various heat pipe evaporator lengths at 

continuous loading. 
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Figure (16) Effect of heat pipe diameter on the mean tank temperature variation at a removal 

rate of 5 l/ hr. 
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Figure (17) Effect of the heat pipe evaporator length, at 22 mm diameter, on the overall useful 

energy at various removal rates. 
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Figure (18) Effect of the heat pipe evaporator length, at 22 mm diameter, on the overall 

efficiency at various removal rates. 
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Figure (19) Comparison of the mean tank temperature variation with various works. 
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Figure (20) Comparison of measured and predicted overall useful energy. 
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        Prof. Dr. Ihsan Y. Hussain                                                             Naseem K. Ali  
Department of Mechanical Engineering                         Department of Mechanical Engineering 
           University of Baghdad                                             University of Baghdad 
    E-mail: dr.ihsanyahya1@yahoo.com                                       E-mail: alokaili@yahoo.com 
 
The effect of linear thermal stratification in stable stationary ambient fluid on free convective flow 
of a viscous incompressible fluid along a plane wall is numerically investigated in the present work. 
The governing equations of continuity, momentum and energy are solved numerically using finite 
difference method with Alternating Direct implicit Scheme. The velocity, temperature distributions 
and the Nusselt number are discussed numerically for various values of physical parameters and 
presented through graphs. ANSYS program also used to solve the problem. The results show that 
the effect of stratification parameter is marginalized with the increase in Prandtl number, and the 
increase in Grashof number does not practically vary the effect of stratification parameter. 
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Introduction 
 
Convective heat transfer in thermally 
stratified ambient fluid occurs in many 
industrial applications and is an important 
aspect in the study of heat transfer.                
If stratification occurs, the fluid temperature 
is function of distance. Convection in such 
environment exists in lakes, oceans, nuclear 
reactors. The problem had been investigated 
by many researcher analytically and 
numerically, see for example (Cheesewright 
1967), (Yang et al 1972), (Jaluria and 
Himasekhar 1983), (Kulkarni et al 1987), 
(Angirasa and Srinivasan 1992), 
(Pantokratoras 2003), (Saha and Hossain 
2004), (Ahmed 2005), (Ishak et al 2008), 
(Deka and Neog 2009), (Singh et al 2010). 
Experimental works also had been reported; 
see (Tanny and Cohen 1998).Theoretical and  
experimental work had been investigated by 
(Chen and Eichhorn 1976). The present      
work investigates the problem numerically 
with wide range of stratification parameter  
for different kinds of fluids (air, water, and 
oil), different Grashof number and different 
inclination angle. To support the numerical 
solution the problem was solved also using 
ANSYS Program.         
 
Formulation of the Problem 
 
Consider the two dimensional thermal 
boundary layer flows natural convection heat 
transfer of an incompressible fluid along a 
plane wall immersed in a stable thermally 
stratified fluid. The coordinates system and 
the flow configuration are shown in figure 1. 
Using Boussinesq approximations, the 
following continuity, momentum and energy 
equations in nondimensional form for laminar 
flow adjacent to a plane wall are obtained; 
 

                                                      

                                                                     (1)                    

                           

                                                                     (2) 

                                                                     (3)                              

                       

                                                                     (4) 

 
where (Angirasa and Srinivasan 1992); 
                                                                
     ,      ,    ,  

 
        ,      ,     

 
       ,  
 

     ,      ,    

 

         ,     

 

The initial condition can be written in 

nondimensional form as follows:   

                  

U = 0, V = 0, Ө = 0     for all X, Y               (5)                    

 
The boundary conditions in nondimensional  
form are: 
 
U = 0, V = 0, Ө = Өw       at Y = 0 for all X                           
                                                                     (6) 
 
U = 0, V = 0, Ө = 0           at Y  ∞ for all X                      
                                                                     (7) 
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 U = 0, V = 0, Ө = 0          at Y  ∞ for X = 0                                                            
                                                                     (8)                                                                                                         
The local rate of heat transfer in term of the 
local Nusselt number at the plate is given by; 
 

                   (9)                                                                                        

 
 
 
 
 
 
 
 
 
 
 
 
 
              Figure1. Physical Model 
 
Numerical Solution 
 
Finite Difference Method is considered as 
efficient technique to solve the thermal 
problems; therefore it has been used in the 
present study. The Momentum and Energy 
equation are solved by Alternating Direction 
Implicit Scheme (ADI). Numerical results 
were first obtained to check for grid 
dependency. The results showed that no 
considerable difference in the results of 
suggested grid size after (51x51) and showed 
that no considerable different in the results of 
suggested transverse distance after (0.5). 
Therefore in the present study the grid size of 
(51x51) and transverse distance of (0.5) was 
used. The convergence of the solution to the 
steady state result for large time was obtained 
with a convergence criterion of (1 x 10 -4). 
This criterion was chosen after varying it over 
a wide range so that the steady state results 
were essentially independent of the chosen 

value. The mathematical model was solved by 
computer program which was written by 
Visual basic language to solve the momentum 
and energy equations and to calculate Nusselt 
number. The Tridiagonal system of equation 
was used to solve the matrix of dependent 
variables. Heat transfer process by natural 
convection in stratified media was also solved 
by Mechanical ANSYS Parametric Design 
Language (APDL). The FLUID 141 element 
is used which can solve model of transient or 
steady state fluid/thermal systems that involve 
fluid and/or non-fluid regions. 
 
Results and Discussion 
 
Theoretical investigation are done for three 
working fluids, air (Pr = 0.7), water (Pr = 6) 
and oil (Pr = 6400), three Grashof numbers 
(1E4, 1E5 and 1E6) and three angle (-30, 0 
and 30) for wide range of thermal 
stratification (S = 0, 0.5, 1, 1.5, 2, 3, 4). 
Figure 2 shows the temperature profile for the 
different values of the stratification level at 
mid high wall plane (X = 0.5). The 
temperature profile decreases with increasing 
the stratification parameter. For the higher 
value of stratification, the ambient 
temperature exceeds the wall temperatures, 
which lead to negative temperature profile. 
The figures also show that the temperature 
profile equal   to zero at   (S = 2) because of 
the equalization between the wall and ambient 
temperature. A comparative study of figures 2 
to 4 indicates that the effect of stratification 
parameter is marginalized with the increase in 
Prandtl number, as the separateness among 
the temperature profile reduces. Also for 
given value of Prandtl number the velocity 
and thermal boundary layer thickness are 
almost the same while with the increase in 
Prandtl number the boundary layer thickness 
reduces. Figure 5 shows that the temperature 
profile decreases with the increase in Prandtl 

g

L  

X 

  φ 

  Y 

gx=‐gcos φ 

 φ  gy=gsin φ
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number. In addition, the reversal of 
temperature was found to be stronger at high 
Prandtl numbers and weaker at low numbers. 
It can be suitably remarked that the increase 
in Grashof number does not practically vary 
the effect of stratification factor on 
temperature profiles. Figures 6 show that with 
increase in Grashof number the fluid 
temperature deceases. This must happen 
because buoyancy force assists the flow by 
increasing fluid velocity and hence the heat is 
convected readily thereby reducing fluid 
temperature. Figure 7 illustrates the influence 
of the inclination angle (φ) on temperature 
profile for stratified media (S = 2), where 
observed that in addition to the influence of 
thermal stratification the temperature profile 
will be less effected by the inclination angle 
of the wall, this is considerably noted for high 
levels of thermal stratification, therefore the 
orientation marginalized the effect of the 
stratification parameter. Figure 8 shows that 
the velocity profile decreases with increasing 
the stratification parameter. It is understood, 
since the factor (Tw – T∞,x) reduces with the 
increase in stratification factor, thus buoyancy 
effect very close to the plate is marginalized 
thereby reducing the fluid velocity. A 
comparative study of figures 8 to 10 indicates 
that the effect of stratification parameter is 
marginalized with the increase in Prandtl 
number, as the separateness among the 
velocity profile reduces. Figure 11 shows that 
the velocity profile decreases with the 
increase in Prandtl number. At high Prandtl 
numbers there is a small reversal of flow 
while for low Prandtl numbers the flow 
reversal is much stronger. It can be suitably 
remarked that the increase in Grashof number 
does not practically vary the effect of 
stratification factor on velocity profiles. 
Figure 12 shows that with increase in Grashof 
number the fluid velocity increases. This is 
because the buoyancy force assists the flow 

by increasing fluid velocity. Figure 13 shows 
that the velocity profile decreases with 
increasing the Grashof number. This 
phenomenon is clear at high Prandtl number 
which lowers fluid velocity. Figure 14 
illustrates the influence of the inclination 
angle (φ) on velocity profile for stratified 
level (S = 2), where observed that in addition 
to the influence of thermal stratification the 
velocity profile will be less effected by the 
inclination angle of the wall, this is 
considerably noted for high levels of thermal 
stratification, therefore the orientation 
marginalized the effect of the stratification 
parameter. The effect of the stratification 
parameter is to reduce the Nusselt number. 
Nusselt number is equal to zero at any 
location of the plane wall when the wall 
temperature equal to ambient temperature. 
This equalization is result of stratification 
level. The figure 15 shows the deceases in 
Nusselt number with the stratification 
parameter because of the Nusselt number 
dependence on the temperature profile which 
decreased with increase in stratification 
parameter as mentioned above. As the Prandtl 
number increases the Nusselt number first 
deceases, then increases. An increase in 
Prandtl number is found to cause a decrease 
in thermal boundary layer thickness and an 
increase in the absolute value of the 
temperature gradient at the surface. In 
unstratified media the local Nusselt number 
for air is higher than for water and less than 
for oil as shown in figure 16. In stratified 
media, the Nusselt number has the same 
behavior of the unstratified environment. 
Nusselt number is dependent on many 
variables, one of these variables Grashof 
numbers which affects the heat transfer 
behavior from fluid to another. The fluids 
which have small Prandtl number, Nusselt 
number decreases with increasing the Grashof 
number. The reverse behavior is for fluids 
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which have large Prandtl number where the 
Nusselt number increases with increasing 
Grashof number as shown in figure 17.The 
Nusselt number has the same behavior in 
stratified and unstratified environment.  
Consider an inclined hot plate that makes an 
angle (φ = 30) from vertical wall plane. The 
difference between the buoyancy and gravity 
force acting on a unit volume of fluid in the 
boundary layer is always in the vertical 
direction. In the case of inclined plate, this 
force can be resolved into two components, 
the parallel force drive the flow along the 
plate and the normal force on the wall plane. 
The force that drives the motion is reduced; 
therefore the convection currents to be weaker 
and the rate of heat transfer to be lower 
relative to the vertical plane case. In the case 
(φ = -30) the opposite behavior is observed. 
The reason for this behavior is that the normal 
force component initiates upward motion in 
addition to the parallel motion along the wall 
plane, and thus the boundary layer breaks up 
and forms plumes. As result, the thickness of 
the boundary layer and thus the resistance to 
heat transfer decreases, and the rate of heat 
transfer increases relative to the vertical 
orientation. In the stratified media, the 
Nusselt number has the same behaviors of the 
unstratified media until temperature defect 
occurs, then the Nusselt number has the 
opposite behaviors as shown in figure 18. 
 
ANSYS Analysis 
 
Figures 19 to 21 show the temperature 
distribution for different stratification 
parameter. It is clear that in the thermal 
stratified environment, the fluid temperature 
increases with height and with stratification 
parameter. The domain have region with no 
heat transfer because of  equalization between 
wall and fluid temperatures, the fluid above 

the equalization region have temperature 
more than wall temperature, therefore the 
temperature defect happens. Figures 22 to 24 
show the velocity decreases with increase in 
stratification parameter and the reverse flow 
was happened in the media which have 
stratification parameter more than one. The 
figures 25 and 26 show visualization to fluid 
flow in thermal stratified media. The figures 
27 to 29 show the heat transfer coefficient 
decrease with increase in stratification level. 
 
Verification 
 
To verify the results obtained for the present 
study, a comparison is made with the results 
achieved by previous studies. Temperature 
profile (figure 1) agrees with the results of 
Ahmed (2005) (numerical study) shown in 
figure 30 and Tanny and Cohen (1998) 
(experimental study) shown in figure 31. 
Velocity Profile (figure 8) agrees with the 
results of Angirasa and Srinivasan (1992) 
(numerical study) shown in figure 32 and 
Cheesewright (1967) (analytical study) shown 
in figure 33. The effect of Prandlt number on 
temperature Profile (figure 5) agrees with 
results of Singh et al (2010) (numerical study) 
shown in figure 34. Nusselt number (figure 
15) agrees with the result of Ahmed (2005) 
shown in figure 35. 
 
Conclusions 
 
1. For constant wall temperature when the 

stratification parameter increases, the 
temperature profile steepens near the 
surface, the buoyancy level decrease and 
the maximum velocity decreases because 
of the decrease in buoyancy. 

2. For constant wall temperature when the 
values of stratifications more than one, the 
local temperatures adjacent to the wall 
exceed the wall temperature in regions of 
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the top portion of the wall, which receives 
heat from the fluid, and a reverse flow 
will exist. 

3. The effect of stratification parameter is 
marginalized with the increase in Prandtl 
number. 

4. The reversal of temperature is strong at 
high Prandtl numbers and weaker at low 
numbers and the reversal of flow velocity 
is strong at low Prandtl numbers and 
weaker at high numbers. 

5. The increase in Grashof number does not 
practically vary the effect of stratification 
on temperature and velocity profiles. 

6. The local Nusselt number decreases when 
the stratification increases. 
 

7.  As Prandtl number increases the Nusselt 
number first decrease, then increase.  

 
Nomenclature 

 
Gr Grashof number 

g gravitational Acceleration 

L 
 

characteristic length of the plane 
wall  

Nu Nusselt number 

Pr Prandtl number 

S thermal stratification parameter 

T temperature 

t time 

t* non-dimensional time 

u velocity in x-direction 

uc characteristic velocity  

U non-dimensional velocity in X-
direction 

v velocity in y-direction 

V non-dimensional velocity in Y-
direction 

X non-dimensional downstream 
coordinate 

x downstream coordinate 

Y non-dimensional horizontal space 
coordinate 

y horizontal space coordinate 
 
Greek letters 
 
      α thermal diffusivity 

      β 
 
volumetric coefficient of thermal 
expansion 

 kinematic viscosity 

      ρ density 

      φ angle of inclination 

      Ө non-dimensional temperature 

 
Superscript 
 
∞      location away from the wall outside the     
           boundary layer 

∞, 0   location away from the wall at x = 0 

∞, x   location away from the wall at any x 

w        wall 
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Abstract 
 
In this research a new system identification algorithm is presented for obtaining an optimal set of 
mathematical models for system with perturbed coefficients, then this algorithm is applied practically by an 
“On Line System Identification Circuit”, based on real time speed response data of a permanent magnet DC 
motor. Such set of mathematical models represents the physical plant against all variation which may exist in 
its parameters, and forms a strong mathematical foundation for stability and performance analysis in control 
theory problems. 
 

 :الخلاصة
  

    للأنظمة التي حصول على المجموعة المثلى للنماذج الرياضية  من أجل الفي هذا البحث تم تقديم طريقة جديدة لتعريف الأنظمة
تم تطبيق هذه الطريقة عمليا عن طريق منظومة لتعريف الأنظمة تعتمد على القراءات العملية . تحتوي على معاملات غير ثابتة

هذه المجموعة من النماذج الرياضية سوف تقوم بتمثيل . لمحرك التيار المستمر ذي المغناطيس الثابتا ة لسرعة الزمنيلاستجابةل
 بتكوين قاعدة رياضية  تقومو سوف، كن ان تحصل في معاملاتها العدديةالتغييرات التي يمظمة الفيزياوية على الرغم من جميع الأن

    . منظومات السيطرةقوية  لمعالجة الأستقرارية و الأداء في 
 
 
Keywords: system identification, interval coefficients, Sensitivity, uncertainty, transfer function. 
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1. Introduction: 
In the controller design problem for any system, 
the basic goal is that the performance and stability 
characteristics meet certain specifications set by 
the designer; as a result this needs an accurate 
mathematical model for the system.  
In the physical world, the process of obtaining 
accurate model is impossible, because input-output 
information and physical laws have never been 
complete. For example, ohm’s law describes the 
relationship between current and voltage in the 
resistors, but it doesn’t describe the effect of 
temperature, gravitational fields, or magnetic fields 
[1].  

 
On the other hand all experimental data represent 
nonlinear functions between inputs and outputs, 
which in control analysis is not desirable because 
of the computational cost, so mostly these 
functions are linearized, and this linearization 
affect the accuracy of the model.  
 
The general trend in the system identification 
theory is to model system with inaccuracy as a set 
of mathematical models, which represent all 
possible aspects of physical plants, so inaccuracy 
appears as sets of bounded range parameters. A 
system identification technique is presented in [2]; 
it is based on taking input-output data in frequency 
domain obtained from experimental test signals, 
and fitting these data to interval transfer function 
that contains complete frequency behavior with 
respect to frequency. In this paper alternative 
algorithm is presented to deal with input-output 
data obtained in time domain, this algorithm uses 
the sensitivity of functions to its parameters to 
estimate the range and weight of perturbation of 
each parameter. 

 
2. Theory:  

The problem of interval system identification can 
be formulated as follows: For any experimental set 
of data: 

 
 

  
 

: 
 

  
 

 
 

 
 

: 
 

 
 

 
 
 

 
 

 
 

 
 
That can represents all perturbation possibilities 
that occur for parameters. In any interval 
system identification, the basic requirements 
are [2]: 

1.   
2.  
3. 

 
 

 
In this paper the procedure is divided into three 
parts. The first part include the identification of 
the nominal function , and this can be 
done by using Least Square Fit algorithm, then 
by using the sensitivity of function to 
parameters, the weight of perturbations for each 
parameter  is calculated, finally the deflection 
of nominal function  from the 
experimental data is obtained as sets of 
bounded interval around parameters. 
 

a) Nominal System Identification. 
For this task, the Least Square Fit algorithm is 
used, a brief description for this algorithm, that 
is the process of curve fitting for data set that 
contains a significant amount of noise and this 
can be done by minimizing the following 
function [3]: 
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The above notation implies that we already 
have mathematical form of , usually from 
the theory related to experimental data, so the 
fitting process is exclusively for the parameters.  

 
 
b)  Weight Selection. 

 According to mathematical definition in (2), 
range of perturbation for each parameter is 
mainly dependant on ,  & , so the 
problem of finding appropriate weight is 
considered in this part. Wight selection is 
extremely important for minimizing the family 
of models, by eliminating unnecessary 
members. Each parameter in the nominal 
function has its particular weight, which is 
defined as the average value of deflections 
which occur in nominal function at each time of 
experimental data, caused by small variation in 
that parameter. 

 
First let define , which represents the error 
between nominal function and experimental 
data. 
 

 
 

 
Sensitivity of nominal function to particular 
parameter can be defined as: 
 

 
 

 
Now the participation of each parameter in the 
error between the nominal function and 
experimental data can be calculated from: 
 

 
 

 
. 
. 

 
 

 
 

This relationship can be proved by the 
following simple argument: 
 
Assume   dimensions space, where  of   
parameters. The change in  can be 
approximated in term of the change in the 

planes as follows:  
 

 
 

 
 

 
 

 

 

 
 

 
 

 
  

 
For mathematical simplicity, matrix notation will 
be used in calculation of weights, so first we 
construct  and which is respectively: 
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c) Parameter Interval Identification. 
 In this part the range of parameter perturbation is 
calculated, and this can be done by solving the 
following equation for the variable  at each time 
of experimental data: 
  

 
 

 
The solution of above n variable can be estimated 
according to the following: 
 

 
 

 
 

 
 

  
 

                 
 

Solving eq. (14) yields , which represents the 
maximum deflection in  parameter caused by 
the difference between experimental data and 
nominal function. 
 
The actual value of deflection can be calculated by 
using the following equation: 

 
This equation can be proved according to the 
following argument: 
Consider the following triangle: 
 

 
Fig. (1) 

   
This triangle without losing generality represents 
the relationship between deflection in function and 
deflection in  parameter, where: 
 

 
 
According to the triangle similarity: 
 

 
 

: 
 

 
 
By substituting eq. (17) in (18), it yields: 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

3. Practical Application of Interval System 
Identification for DC motor 
 

3.1. Mathematical Model of DC Motor 
[4,5,6] 
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   The model of the motor shown in Fig. [2] based 
on the ideal permanent magnet DC-motor 

                

 
 

Fig. [2], Permanent Magnet DC Motor 
    
From Fig [2],  is the inertia of the rotor,  is the 
damping coefficient,  is the motor speed (rpm), 
and   is the supply voltages and current 
respectively. 
Now the torque generated by the motor   is: 
 
   
        

 
 
              
 

 
 

 
 

 

                      

 
 

 

 
Eq. (23) represents the transfer function for DC 
motor. By assuming that: 
 

 
 

 
 

          
 

 
 
According to eq. (24), in order to find the response 
of motor speed as a function of time, there are 
some parameters needed to be found first, like  
(motor constant), (motor's coil 
resistance), so motor static gain  and time constant 
must be calculated, but this may be possible if the 
response of the motor speed can be found 
practically.  
 
3.2. On Line System Identification Circuit 
On Line System Identification Circuit is specially 
designed in this paper to collect data about DC 
motor speed response from initial condition till 
steady state, passing through transient state, this 
circuit is illustrated in the block diagram in Fig. 
[2].                                                      
 
 
 
 
 
 
 
 
 
 
                                                       

 
Fig. [3], On Line System Identification 

Circuit for DC Motor 
 

According to the above block diagram, by using 
shaft encoder angular velocity first is converted to 
train of pulses, whose frequency is proportional 
directly to the angular velocity of motor; this train 
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of pulses then is converted to analogue voltage 
using Frequency to Voltage Converter Circuit, 
which implements LM331. The output voltage 
then is filtered by low pass filter, and converted to 
binary equivalent number by using ADC0804. The 
equivalent binary number is fed to the computer 
through parallel port LPT1 by a tri-state buffer 
74LS245. As we can see from above description 
the process of reading velocities of DC motor by 
computer consists of successive sub processes, the 
synchronization and enabling of these sub 
processes is done by C++ program in that 
computer, after reading the data, the same program 
directly starts processing the algorithm presented 
in this paper and display the final result, which is 
the mathematical model of the motor plus the 
range and weight of perturbations of its 
parameters.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 
 

4. Results 
For Hitachi permanent magnet DC motor (type 
D04A321E), the following results is obtained 
according to the three algorithm steps: 

A) Nominal System Identification. 
By using the Least Square Fit procedure, the  
transfer function can be obtained, and this 
transfer function can be verified by calculating it 
with an alternative way, since the static gain 
defined as the steady-state speed value relative to 
the supplied voltage value, and the time constant 
is the time by which the output of the system will 
reach 63% of its final value, then these two 
values can be found by matching the diagram in 
Fig.[4] to the practical response of system in         
Fig. [5], and the both approaches should have the 
same results which are: 
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Fig. [4], Response of First Order System 

 

 
               Fig [5], Practical Response for the DC 

Motor. 
 
 
 
 
 
 
 
 

B  Weight Selection. 

 

 

 

C  Parameter Interval Identification. 

 

 

 

 

 

 

 

The flowchart for the program that was used to 
obtain the above result is shown in Fig. (6). 
 
5. Conclusions 
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1. The nominal function for the DC motor was 
derived using Least Square Fit method, which 
is an optimization technique, so the ranges of 
perturbation for parameters represent deviation 
between nominal function and experimental 
data, which are mainly caused by this 
optimization technique.  

2. The assumption of linearity is also an important 
reason in forming the perturbation ranges. 

3. The experiment for the DC motor speed 
response was carried without load, in case 
loaded motor a new ranges of perturbation will 
result, according to the amount of load. 
 

According to above, all unexpected condition or 
incorrect assumption in practical field can be 
interpreted in term of ranges of perturbation, which 
will result a family of models. Members in the 
resulted family don't have the same stability and 
performance conditions, so this variety in 
characteristics must be taken in consideration.  
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Fig. (6) Flowchart of the C++program. 
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Experimental Study For a Laminar Natural Convection Heat 
Transfer From an Isothermal Heated Square Plate With and Without 

Circular Hole 
 

Asst. Prof. Dr. Ikhlase M. Fayed* & Asst. Lec. Wassan N. Matti** 
 
ABSTRACT 

An experimental investigation of natural convection heat transfer from an isothermal horizontal, 
vertical and inclined heated square flat plates with and without circular hole, were carried out in two cases, 
perforated plates without an impermeable adiabatic hole "open core" and perforated plates with an 
impermeable adiabatic hole "closed core" by adiabatic plug. The experiments covered the laminar region 
with a range of Rayleih number of (1.11x106≤RaLo≤4.39x106), at Prandtle number (Pr=0.7). Practical 
experiments have been done with variable inclination angles from horizon (Ф=0o,45o,90o,135o and 180o), 
facing upward (0o≤Ф<90o), and downward (90o≤Ф<180o). The results showed that the temperature gradient 
increases while the thermal boundary layer thickness decreases when Grashof number and perforation ratio 
(m) increase . The temperature gradient for inclined position facing upward is less than facing downward, 
while the thermal boundary layer thickness is greater. The temperature gradient decreases while the thermal 
boundary layer thickness increases for perforated plates with an adiabatic core as compared with  perforated 
plates without an adiabatic core. The value of average Nusselt number increases with increasing perforation 
ratio, and Grashof number for all specimens with and without an adiabatic core, also increases by increase in 
inclination of plates approaching the higher value at vertical position (Ф=90o), then decreases with 
increasing inclination of plates till horizontal position (Ф=180o). The average Nusselt number values for 
perforated plates with an adiabatic core are lower than for perforated plates without an adiabatic core for all 
perforation ratios. Maximum heat transfer rate occurs at perforated plate with perforation ratio of (m=0.1) 
without adiabatic core for vertical position (Ф=90o), at a range of Grashof number 
(1.576x106≤GrLo≤6.292x106), while the rate of heat transfer decreases with increasing perforation ratio for 
plates with and without adiabatic core for decrease in heat transfer rate area. The rate of heat transfer for 
perforated plates with circular hole is more than for perforated plates with square hole at the same 
perforation ratios (m=0.1,0.16,0.24 and 0.36). It found that the lack of core flow decreases the overall heat 
transfer rate by (6.477%) . There was a good agreement for the experimental present work results compared 
with other pervious results .  

  الخلاصة
افقية وعمودية ومائلة عن الافق وذات ثقب دائري مربعة لحمل الحر من صفائح بايقدم البحث الحالي دراسة عملية لانتقال الحرارة 

مسخنة بثبوت درجة الحرارة، لحالتي النماذج المثقبة بوجود سداد للثقب الدائري وعدم وجوده، ضمن منطقة الجريان الطباقي لرقم رالي 
(1.11x106≤RaLo≤4.39x106) ،رقم برانتدل عند Pr=0.7. اجريت التجارب العملية لمدى من زوايا الميل عن الافق  
(Ф=0o,45o,90o,135o&180o)ان انحدار درجات الحرارة يزداد فيما يقل سمك الطبقة اظهرت النتائج  . لوجه التسخين للأعلى وللأسفل

فيكون انحدار درجات الحرارة للوضع المائل في حالة التسخين باتجاه الاعلى ، ونسبة التثقيبعند زيادة رقم آراشوف ) δ(المتاخمة الحرارية 
اقل من حالة التسخين باتجاه الاسفل بينما سمك الطبقة المتاخمة الحرارية اآبر، آما ان انحدار درجات الحرارة يقل بينما يزداد سمك الطبقة 

 (m)تزداد قيمة متوسط رقم نسلت بزيادة رقم آراشوف وبنسبة التثقيب  . هوجودعدم لسداد عن المتاخمة الحرارية للصفائح المثقبة بوجود ا
بوجود وعدم وجود السداد، وتزداد قيمة متوسط رقم نسلت مع ازدياد الميلان في حالة التسخين الى الاعلى الى ان تصل اعظم قيمة لها عند 

 لجميع نسب (Ф=180o).ن في حالة التسخين الى الاسفل وصولا الى الوضع الافقي  ثم تقل بزيادة زاوية الميلا(Ф=90o)الوضع العمودي 
اقصى قيمة لكمية الحرارة . التثقيب تكون قيم متوسط رقم نسلت اقل للصفائح المثقبة بوجود السداد عن الصفائح المثقبة بدون وجود السداد

 لمدى رقم آراشوف (Ф=90o)وجود السداد في حالة الوضع العمودي  بدون (m=0.1)المنتقلة تكون للصفيحة المثقبة بنسبة التثقيب 
(1.57x106≤GrLo≤6.292x106) وتقل آمية الحرارة المنتقلة بزيادة نسبة التثقيب بسبب النقصان الحاصل في مساحة سطح التبادل ،

إن آمية الحرارة المنتقلة للصفائح .ود السداد الحراري الذي يؤدي الى الانخفاض في معدل انتقال الحرارة للصفائح المثقبة بوجود وعدم وج
وآانت آمية . m=0.1,0.16,0.24,0.36)(المثقبة بثقب دائري اآبر من آمية الحرارة المنتقلة للصفائح المثقبة بثقب مربع لنفس نسب التثقيب 

هناك توافق ).  %6.477( بدون وجوده بنسبة (Q)ة  للنماذج المثقبة بوجود السداد للثقب تقل عن آمية الحرارة اللابعدي(Q)الحرارة اللابعدية 
  .  جيد للنتائج العملية للبحث الحالي مع نتائج بحوث سابقة 

Key Words:      Natural Convection, Square Plate With and Without Circular Hole, Facing 
Upward and Downward. 
 
 
*Dept. of Mech. Eng., University of Technology, Baghdad‐Iraq. 
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INTRODUCTION 

Decades ago have witnessed a great 
interest for the process of convection heat 
transfer from finite bodies such as (square 
surface) because of its wide spread 
application in many engineering and 
industrial applications, which include the heat 
flow from streaming radiant, cooling small 
electronic devices that have low power, air 
conditioning, warming systems in rooms, 
building walls, the natural convection enters 
in nuclear power applications for cooling 
objects surfaces that diffusion heat is 
generated in. It is also used in heat transfer 
resulting from chemical reactions, and in the 
environment, libratory devices, cooking, also 
natural convection can be found in 
engineering system such as heat exchange fin 
surfaces applications, electronic parts that 
have different shapes, electrical natural 
convection furnaces, heaters devices, and 
some load cell.  

       Natural Convection heat transfer  
from isothermal plates continues to be a topic 
of current research, and also a number of 
experimental and theoretical studies [AL-
Arabi & EL-Riedy (1976), Mustafa (2001), 
Aziz (2002), Robinson & Liburdy (1987) 
,Pera &Gebhart (1973), Sahraoui et al. 
(1990)] have been made in past to determine 
the natural convection heat transfer from 
heated isothermal plates hold in horizontal 
position, the convective flow situation is two 
dimensional and thus easier to study 
experimentally and theoretically. Two earliest 
studies [Abd (2007)] has been done 
theoretical study for a three-dimensional 
natural convection heat transfer from an 
isothermal horizontal , vertical and inclined 
heated square flat plates (with and without 
circle hole) which involved the numerical 
solution of the transient Navier-Stokes and 
energy equations by using Finite Different 
Method (F.D.M.), & [Ali (2007)] has been 
done experimental study for isothermal 
square flat plate (with and without square 
hole) with extension surface. The experiments 
covered the laminar region with a range of 
Rayleigh number of order of 106, and 
included the manufacturing of four square 
models of aluminum (10cm) length, (1cm) 

thickness and perforation ratio 
(m=0.0,0.04,0.16&0.36) respectively with 
heater for each model for inclined position for 
square plate of constant temperature. Table 
(1) shows the results of previous studies.  
      The present experimental investigation 
aims to study the natural convection heat 
transfer from isothermal heated square plate, 
with and without circular hole, for different 
perforation ratio in two cases, perforator  
plates with and without adiabatic circular 
hole, and the effect of different inclination 
angle from horizon (Ф=0o, 45o, 90o, 135o and 
180o), facing upward and downward, different 
ranges of Grashof number 
(1.576×106≤Gr≤6.292×106), then analysis the 
results to develop mathematical relationships 
that rely on the accounts (arithmetic) of 
natural convection taking into consideration 
the effect of inclination angles (Φ), 
perforation ratio (m) and heating levels.  
 
EXPERIMENTAL APPARATUS  
    Manufacturing four specimens used as a 
heat exchange surfaces are made of aluminum 
sheets, having square shape with length and 
thickness (100mm and 10mm) respectively. A 
basic dimensions of the specimens are given 
in Table (2). The first specimen is a square 
shape, but the other specimens are perforated 
with circular hole at different perforated area 
(m=0.0,0.1,0.24 and 0.5) as shown in Figure 
(1). In order to measure the surface 
temperature homogeneity of the specimen, a 
copper-constantan type (T) thermocouples, 
embedded from the heated surface. The four 
specimens were drilled with a number of 
holes with diameter (2mm) and depth (9mm) 
from the bottom. The holes were distributed 
radialy with a pitch angle of 45o and radii (36, 
40 and 45mm) for the specimens designated 
as 2-nd, 3-rd, and 4-th respectively. To heat 
up the heat exchange surfaces (specimens), an 
electric heaters are manufactured from 
nickrom (nickel-chromium alloy). In order to 
study the natural heat transfer for inclination 
angles from horizon ranging from (0o to 
180o), the wooden extending surface which 
contains the heat exchange surfaces 
(specimens) have been installed on the 
apparatus bracket. It can be moved by moving 
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joints fitted between the extending surface 
and apparatus bracket, with the inclination 
angle could be controlled through the manual 
metal protractor, as shown in Figure (2). 
A uniform temperature on the surface of the 
model was achieved by adjusting the 
electrical input power to the heating element . 
The specimen and heating element assembly 
were installed for the purpose of conducting 
the study with its own heater together with the 
wooden extending surface to ensure parallel 
flow at the specimen edges. The surface heat 
exchange (specimen) was isolated together 
with the heater from all sides, except the 
upper surface to reduce thermal losses. To 
minimize side effects of air currents room 
temperature in the process of natural heat 
transfer from heat exchange surfaces, the 
apparatus was placed in a room with 
dimensions (4m x 2m x 3m). In order to study 
the heat transfer by natural convection from 
the surface of a specimen, the surface air 
temperatures were measured by a 
thermocouple, which was installed in a holder 
with shape ( ), to move the holder on the 
specimen surface in three dimensions (x, y, 
z), it is connected with three dimensional 
mechanisms. The steady state at heat 
exchange surface temperature is commonly 
reached within (4 to 5) hours. The voltage and 
current were recorded when reaching steady 
state, in order to calculate the power supplied. 
The temperatures over the heat exchange 
surface were recorded and for a small equal 
specified distances to the Z-axis 
perpendicular to each point of the 
measurement grid by the specified 
thermocouple sensing till reaching the space 
or ambient temperature in order to calculate 
the thermal boundary layer thickness (δ) until 
the difference between measured temperature 
and the ambient temperature was 
approximately (θ=0.02). The temperature 
distribution was measure at different ranges 
of Rayleigh number as shown in Table (3). 
   To calculate the local heat transfer 
coefficient by natural convection, a thermal 
balance was done as follows: 
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0
∞
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                          (1)          
                                                      

Rearranging equation (1), the local 
heat transfer coefficient on the heat exchange 
surface is obtained as follows: 
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                                (2)        
                                                                       

By integrating equation (2) along the 
plate area, the average heat transfer 
coefficient has been calculated as follows: 

∫=
A

dAh
A

h .1

                                      (3)   
                                                                   

The Local Nusselt number has been 
calculated from the following equation:  

f

o

k
Lh

Nu
oL

.
=

                                             (4) 
                                                  

Substituting equation (2) into equation 
(4) yields: 
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So the average Nusselt number can be 
calculated by integrating local Nusselt 
number over the heat exchange surface as 
follows: 
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       (9)  
                                                    

The thermal energy transferred by 
radiation can be calculated from the following 
equation: 

  )( 44
awRadiation TTAFQ −∗∗∗∗= εσ     (10)   

 
RESULT AND DISCUSSION 

 
Temperature Distribution :-  Figures 

(3) and (4-a-b) show the dimensionless 
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temperatures distribution at symmetry axes 
(X-axis and Y-axis), at the planes (Z-X and 
Z-Y), above the surface of square plate and 
circular perforated surface specimens with 
and without plug for inclination with 
horizontal (Ф=0o,45o,90o,135o, and 180o), for 
(GrLo=1.576x106, 3.546x106, 5.083x106, and 
6.292x106). Temperature gradient in the 
upward heating state is lower than the case of 
downward heating. The adiabatic plug 
prevents the additional flow, that results 
decrease in the temperature gradient leads to 
decrease the quantity of the heat transferred. 
Generally for all inclination angles (Ф), 
increasing heating level, (increasing Grashof 
number (GrLo)) and perforation ratio (m) 
leads to increase the temperature gradient for 
the specimens. 
 
Thermal Boundary Layer Thickness (δ):- 
Figures (5) and (6-a-b) depict change of 
thermal boundary layer thickness above the 
surface of square plate and circular perforated 
surface specimens with and without plug 
above surface specimens in the (Z-Y) plane, 
for inclination angles from horizon  
(Ф=0o,45o,90o,135o, and 180o), at heating 
levels (1.576x106≤GrLo≤6.292x106). In 
general, thickness of thermal boundary layer 
decreases with increasing (GrLo), and 
perforation ratio (m) for all inclination angles. 
It is observed that the maximum thickness of 
thermal boundary layer is at the center and 
falls gradually toward the edges. This is 
attributed to the fluid molecules density 
which is greater above the edges compared 
with density of fluid molecules density above 
the center, which possesses the maximum 
temperature at the surface. This leads to raise 
the lower density hot molecules above the 
center at higher speed causing pressure 
rarefaction, then the adjacent molecules of 
higher density move from the outer edges in a 
horizontal moving to replace them. The flow 
at the edges is parallel to the surface and 
accelerates toward the center near to it, at 
which the fluid moves upwards in the shape 
of a plume, called thermal separation region 
at center, thermal separation occurs at center 
and the quantity of heat transfer is minimum, 
while it is maximum at the edges. The fluid 
rise near the specimen center results for 
making thermal boundary layer it is 

maximum at the center in the horizontal 
position of specimen (Ф=0o), it is seen that 
the boundary layer thickness increases as 
compared with perforated specimens without 
plug, while the rate of heat transfer is reduced 
as a result of reduction of temperature 
gradient over perforated specimens surface in 
presence of plug (with no additional flow). In 
general thickness of thermal boundary layer 
decreases when (GrLo)  and perforation ratio 
increase for all inclination angles with the 
horizontal (Ф=0o,45o,90o,135o, and 180o), at 
four surface heating levels 
(1.576x106≤GrLo≤6.292x106).  
 
Effect Of Inclination Angle On The Average 
Nusselt Number:-  Figure (7-a-b) show the 
effect of inclination angle on the ( LoNu ) for 
the square specimen and circular perforated 
specimen with and without plug for 
inclination angles with the horizontal 
(Ф=0o,45o,90o,135o, and 180o) and for four 
surface heating levels 
(1.576x106≤GrLo≤6.292x106). It is observed 
that, increases of the ( LoNu ) in the case of 
heating upward with increasing inclination 
angle from (Ф=0o) reaching the vertical 
position of specimens (Ф=90o), where is the 
maximum value of the (

LoNu ).With 
increasing inclination angle of downward 
heating reaching the horizontal position 
(Ф=180o) the value of the ( LoNu ) is gradual 
decrease. Also, there is an increase in values 
of (

LoNu ) with increasing (GrLo) and 
perforation ratio, while decreasing values of 
( LoNu ) for perforated specimens with plug 
compared to those without plug due to lower 
temperature gradient above the perforated 
specimens with plug.  
 
Effect Of Perforation Ratio On The Average 
Nusselt Number:-  Figure (8-a-b) display 
the effect of perforation ratio on (

LoNu ) for 
the square specimen and circular perforated 
specimens with and without plug for 
inclination angles with the horizontal 
(Ф=0o,45o,90o,135o, and 180o), at surface 
heating levels (1.576x106≤GrLo≤6.292x106). 
It is noticed an increases in the value of 
( LoNu ) with increasing perforation ratio, but 
the increase for circular perforated specimens 
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without plug is greater than for perforated 
specimens with plug, because with hole the 
thermal separation region can be removed, 
which is formed at the centre of square 
specimen and gets nearer to the flow of 
boundary layer at the specimen outer edges, 
which increases (

LoNu ). 
 
Mathematical Correlation Between The 
Average Nusselt Number And Rayleigh 
Number:-  Figure (9-a-b) for the square plate 
and circular perforated specimens with and 
without plug show a relationship, for upward 
and downward heating situation according to 
the following equation : 
                 
………………………………………..…(11) 

It is also observed the values of the 
constant (C1) for perforated specimens 
without plug is more than for the perforated 
specimens with plug. 

Figures (10) and (11) show the effect 
of perforation ratio in correlation between 
( LoNu ) and (RaLo) for perforated specimens 
with and without plug in the upward and 
downward heating situations for different 
inclination angles in accordance with the 
following equation:  
                

  
………………………………             (10) 

The values of constants (C2) and (C3) 
in the upward heating case are lower than 
those in the downward heating case for the 
perforated specimens with and without plug. 
 
Average Of Total Dimensionless Heat 
Transfer:-  Figure (12-a-b) display the effect 
of perforation ratio(m) on average 
dimensionless heat transfer at Grashof 
number 
(GrLo=1.576x106,3.546x106,5.083x106 and 
6.292x106) for the square specimen and 
perforated specimens with and without plug. 
It is observed that the maximum heat transfer 
quantity is at perforation ratio (m=0.1), and 
gradually decreases with increasing 
perforation ratio (m=0.24 and 0.5), despite the 
increase in (

LoNu ), due to the decrease in the 
area of heat exchange, which leads to 
decrease in the rate of heat transfer. It is also 
observed the total heat transfer quantity to the 

perforated plates with plug is lower than that 
transfer to the perforated plates without plug, 
by (6.477%) for all perforation ratios due to 
decreasing (

LoNu ) for perforated plates with 
plug from that for perforated plates without 
plug. 
 
Choice Of Suitable Hole Shape:- To 
investigate the perforated shape,  and to 
determine the effect of most suitable hole 
shape on heat loss, a comparison has been 
done between quantity of heat transferred in 
the case of circular hole in present work with 
square hole as cited by [Ali, 2007] for the 
ratios of perforation are (m=0.1,0.16,0.24, 
and 0.36) for upward heating (0o<Ф≤90o) and 
downward heating (90o≤Ф<180o), at four 
heating levels, as shown in Figure (13-a-b). It 
is found that heat transferred in the case of 
circular hole is greater than the heat quantity 
in the case of square hole for the same 
perforation ratios. It founded there is no effect 
of square hole edges "corners" which 
represented stagnation flow region[AL-Arabi 
and EL-Riedy, 1976], this led to thermal loss 
in case of circular hole is greater than in case 
of square hole. 
 
Comparison Of Present Results With 
Previously Published Results:-  There is 
agreement between results of present work for 
values of ( LoNu ) for horizontal square plate 
with its heated surface downward are shown 
in Figure (14) and for vertical position in 
Figure (15). And previous numerically 
published work by [Abd, 2007], and 
experimentally by [Ali, 2007] for horizontal 
square plates with their heated surface 
downwards, and in vertical position, also 
compared with previous numerical results for 
horizontal disc with heated surface 
downwards, and for heating in the vertical 
position with those by [Hassan, 2003]. Values 
of (

LoNu ) for inclined perforation square 
plate, with circular perforation, at perforation 
ratio (m=0.5) for both heating upward, shown 
in Figure (16) and heating downward shown 
in Figure (17) of present work with previous 
numerical work by [Abd, 2007], for an 
inclined square plate perforated with circular 
hole of perforation ratio (0.6), and with 
previous experimental work [Ali, 2007], for 
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an inclined square plate, perforated with 
square hole at perforation ratio (0.36) for 
upward and downward heating. There is good 
agreement in values of ( LoNu ) with results 
reported by [Abd, 2007], and the value of 
(

LoNu ) shows an increase, from the 
experimental results of [Ali, 2007], by 
(16.21%) for heating upwards, and by 
(18.74%) for heating downwards. 
 
Conclusions:- The results show that for square 
specimen and specimens with circular hole 
without plug 
1- The minimum temperature gradient and 
maximum thermal boundary layer thickness 
(δ) is above the centre of the square specimen 
in the horizontal position heated face upward 
(Ф=0o), while the gradient increases and 
thermal boundary layer thickness (δ) 
decreases when specimens are perforated.  
2- The value of local Nusselt number (NuLo) 
in the upward heating is less than in the 
downward heating, this leads to increase the 
quantity of heat transfer in the downward 
heating than in the upward heating. The 
maximum value of (NuLo)  is at the lower 
edge of inclined specimens in (Ф=90o). 
3- Maximum value for the ( LoNu ) is in the 
vertical position (Ф=90o), and minimum 
value is in both horizontal position 
(Ф=0o,180o). The ( LoNu ) increases with 
increasing perforation ratio and heating level 
to reach its maximum value at perforation 
ratio (m=0.5) and (GrLo=6.292x106) in 
(Ф=90o).  
4- Maximum heat transfer quantity is at 
perforation area ratio (m=0.1), and maximum 
heat transfer rate for square and perforated 
specimens is in the vertical position (Ф=90o) 
at all heating levels . 
5- The realization of an empirical correlation 
for ( LoNu ) with term (Ra.sinФ) and 
perforation ratio for square specimens having 
circular perforation with heated surface 
upwards without plug 
{ LoNu =(0.599+0.407Xm)(Ra.sinФ)0.25 }, and 
its heated surface downwards 
{ LoNu =(0.634+0.333Xm)(Ra.sinФ)0.25 }. 
6- The rate of heat transfer for circular hole is 
greater than for square hole for the same 
perforation ratio . 

The results show for circular perforated 
specimens with plug 
1- Decrease in temperature gradient and 
increase in the thermal boundary layer 
thickness (δ) occur in the perforated 
specimens with plug. 
2- The values of local Nusselt number and 
quantity of heat transfer are lower than those 
without the plug. 
3- The average Nusselt number for perforated 
specimens with plug is lower than without. 
4- The quantity of heat transfer for perforated 
specimens with plug, is lower than that 
without plug by 6.477( %) for all perforation 
ratios. The maximum values of the heat 
transfer is at the vertical position (Ф=90o) for 
all heating levels. 
5- In order to formulate an empirical 
correlation for average Nusselt number 
( LoNu ) with the expression (Ra.sinФ) and 
perforation ratio for square specimens having 
circular hole with its heated surface upwards 
with plug { 

LoNu =(0.544+0.287Xm)(Ra.sinФ)0.25}, and its 
heated surface downwards { 

LoNu =(0.566+0.305Xm)(Ra.sinФ)0.25 }. 
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List Of Symbols 
Nomenclature 

 
Unit Definition  Symbol 

m2  Total surface area A  
------ Empirical constants of average Nusselt number with Rayleigh number correlation C1,C2,C3, 

m Disc diameter Do 
------ Shape factor  F  

W/m2.oC  Average heat transfer coefficient h  
W/m2.oC  Local heat transfer coefficient  h  
W/m.oC  Fluid Thermal conductivity at film temperature kf  

m  Inner length for the square hole Li 
m  Length of square side Lo  
m  Length of rectangular surface Lp  

------ Ratio of hole area to square plate area m 
W Convective heat transfer rate calculated from local measurement method q 

------ Dimensionless heat transfer rate by convection Q 
W  Convection heat transfer rate calculated from energy balance method  Qconvcetion  
W  Radiation heat transfer rate from specimen surface Qradiation  

------  Correlation coefficientR2 
oC  Temperature  T  
oC  Ambient (atmospheric) temperature  T∞  
oC  Heated surface temperatureTw 
m Normal coordinates   x,y,z  

 
Dimensionless Group 

  
Grashof number based on the outer diameter of disc or ring 23 /)( υβ ow DTTgGr

Do ∞−=

Grashof number based on the side length of square plate  23 /)( υβ ow LTTgGr
Lo ∞−= 

Local Nusselt number based on the side length of square plate  fo kLhNu
Lo

/.= 

Average Nusselt number based on the side length of square plate  fo kLhNu Lo /.= 

Average Nusselt number based on the outer diameter of disc or ring fo kDhNu Do /.= 
Average Nusselt number based on the side length of square plate  fo kLhNu Lo /.= 
Average Nusselt number based on the difference between the length 
of square plate and hole length fo kLiLhNu LiLo /).( −=− 

Average Nusselt number based on the side length of rectangular plate  fp kLhNu Lp /.= 
Prandtl Number  Pr αυ /=  
Rayleigh number based on outer diameter for disc or ring rDoDo PGrRa ⋅= 
Rayleigh number based on the side length of square plate  rLoLo PGrRa ⋅= 
Rayleigh number based on the side length of rectangular plate  rLpLp PGrRa ⋅= 

 
Greek Symbols 

  
degree Angle of plate inclination from horizon Φ  
W/m2K4  Stefan-Boltzman constant and it value 5.678×10-8  σ  

------  Emissivity of heat exchange surface ε  
------ Dimensionless temperatureθ 
mm  Thickness of thermal boundary layer δ 
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Table (1) the results of previous studies 
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Table (2) Basic dimensions of the specimens used in the laboratory experiments 
 

 
Table(3) Grashof number(GrLo) and Rayleigh number(RaLo) ranges of the experiments 

 
 
 
 
 
 
 

  
 
 
           First specimen                                                                                                                                 Second specimen  

     M=0.0                       M=0.1 
  

 
 
 
Third specimen                                                                                                                                            Fourth specimen   
       M=0.24                                                                                                                            M=0.5 

 
 

Figure (1) Specimens used in the experimental tests 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure (2) Test rig with measurement devices 

     
 

Specimens arrangement  

Fourth Specimen Third Specimen Second Specimen First Specimen  

Square plate with 
circular hole 

Square plate with 
circular hole 

Square plate with 
circular hole Square plate Type 

10mm 10mm 10mm 10mm Thickness 
100mm 100mm 100mm 100mm External side length 
80mm 56 mm 36mm 0 mm circular hole diameter  D
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 m=0.50  m=0.24 m=0.10 m=0.00 Area ratio (m) 

100   80  60  40 Tw (ºC )  
336.5   326.5   316.5   306.5  Tfilm (K )  

6.292×106 5.083×106 3.546×106 1.576×106 GrLo  
4.398×106 3.568×106 2.496×106  1.112×106 RaLo 
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Figure (3)experimental temperature distribution over 1st specimen m=0.0 for GrLo=1.576X106 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure(4-a) experimental temperature distribution over 2ed specimen without plug m=0.1 for 

GrLo=3.546X106 
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Figure (4-b) experimental temperature distribution over 2ed specimen with plug  m=0.1for 
GrLo=3.546X106 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure(5) boundary layer thickness over 1st specimen surface m=0.0 for 

(1.576x106≤GrLo≤6.292x106) 
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Figure(6) boundary layer thickness over 2ed specimen surface m=0.1 for 
(1.576x106≤GrLo≤6.292x106) 

-a- without plug (adiabatic core) for circular hole    -b- with plug (adiabatic core) for circular hole 
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-a-                                                                                      -b- 
 

Figure (7) the effect of inclination angle (Ф) from horizon on ( LoNu )   
 -a- without plug (adiabatic core) for circular hole      

   -b- with plug (adiabatic core) for circular hole 
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‐b‐ 
Figure (8) the effect of perforation ratio (m) on the (LoNu) for four heating levels   

  -a- without plug (adiabatic core) for circular hole      
   -b- with plug (adiabatic core) for circular hole 
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-b- 
Figure (9) correlation between (LoNu) & (RaLo)  for specimens heating face upward & downward 

-a- without plug (adiabatic core) for circular hole   -b- with plug (adiabatic core) for circular hole 
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   Figure (10) ( LoNu ) as a function of Ra sin(Ф) & 
perforation ratio (m) for specimens without plug 

(adiabatic core) for circular hole 

   Figure (11)  ( LoNu ) as a function of Ra sin(Ф) & 
perforation ratio (m) for specimens with plug 

(adiabatic core) for circular hole 
-a- upface heated 

-b- downface heated 
-a- upface heated 

-b- downface heated 
 

‐a‐ ‐a‐ 

‐b‐ ‐b‐ 
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Figure (12) the effect of perforation ratio (m) on the dimensionless heat transfer rate for 
different heating levels 

  -a- without plug (adiabatic core) for circular hole      
   -b- with plug (adiabatic core) for circular hole 
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Figure (13) effect hole shape on the dimensionless heat transfer rate for different heating levels 
 and fore perforation ratio (m=0.1,0.16,0.24,0.36)   

a- upface heated                  b- downface heated 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (14) comparison (LoNu) number for present study horizontal square plate with 
experimental & numerical previous studies for horizontal square plates &disks at downface 

heated 
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Figure (15) comparison (LoNu) number for present study at vertical position square plate 
with experimental & numerical previous studies for square plates &disks at vertical position  

 

 

 

 

 

 

 

 

Figure (16) comparison (LoNu) number for present study perforate square plate with 
experimental & numerical previous studies for perforate square plates with circular, square hole 

& ring at upface heated 

 

 

 

 

 

 
Figure (17) comparison (LoNu) number for present study perforate square plate with 

experimental & numerical previous studies for perforate square plates with circular,squar hole & 
ring at downface heated 
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FREE VIBRATION ANALYSIS OF COMPOSITE LAMINATED 
PLATES USING HOST 12 

 

                                                           
 
ABSTRACTE 
 

This paper presents an application of a Higher Order Shear Deformation Theory (HOST 12) to problem 

of free vibration of simply supported symmetric and antisymmetric angle-ply composite laminated plates. 

The theoretical model HOST12 presented incorporates laminate deformations which account for the effects 

of transverse shear deformation, transverse normal strain/stress and a nonlinear variation of in-plane 

displacements with respect to the thickness coordinate – thus modeling the warping of transverse cross-

sections more accurately and eliminating the need for shear correction coefficients. Solutions are obtained in 

closed-form using Navier’s technique by solving the eigenvalue equation. Plates with varying number of 

layers, degrees of anisotropy and slenderness ratios are considered for analysis. The results compared with 

those from exact analysis and various theories from references. 

 

 

 الخلاصة
صفائح لللمسألة الأهتزاز الحر ) Higher Order Shear Deformation Theory (HOST 12)(هذا البحث يقدم التطبيق لنظرية 

ة ال ةطبقي ة و المرآب ر  المتماثل ة الغي دة  (متماثل ر متعام اف الغي ة ). ذات الألي ة المقدّم سّر  12HOSTالنظري ي تف ات الت شويهات الطبق دمج ت   ت

ش  -إجهاد و التوزيع اللاخطّي لأزاحات المستوي بالنسبة للسمك        / تأثيرات تشويه القصّ المستعرض، إجهاد طبيعي مستعرض         شكّل ت ويه  هكذا ت

ة          . المقاطع العرضية المستعرضة بدقّة أآثر وتزيل الحاجة لمعاملات تصحيح القصّ          صفائح الطبقي الحلول للمعادلات تضمنت الحل المضبوط لل

ى العرض        تنوي تأثيرأُخذ بالأعتبار.  )Navier Solution( المرآبة  سمك ال سبة ال ي ون ات ودرجة الأنتروب . ع مواصفات الصفائح آعدد الطبق

 . من مصادر متعددةةائج قورنت مع حلول مضبوطة ونظريات متنوعالنت
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INTRODUCTION 
Laminated composite plates and shells are 

finding extensive usage in the aeronautical 

and aerospace industries as well as in other 

fields of modern technology. It has been 

observed that the strength and deformation 

characteristics of such structural elements 

depend upon the fiber orientation, stacking 

sequence and the fiber content in addition to 

the strength and rigidities of the fiber and 

matrix material. Though symmetric and 

antisymmetric laminates are simple to analyze 

and design, some specific application of 

composite laminates requires the use of 

symmetric and antisymmetric laminates to 

fulfill certain design requirements. Symmetric 

and antisymmetric angle-ply laminates are the 

special form of symmetric and antisymmetric 

laminates and the associated theory offers 

some simplification in the analysis. The 

Classical Laminate Plate Theory (Reissner E. 

and Stavsky Y., 1961) which ignores the 

effect of transverse shear deformation 

becomes inadequate for the analysis of 

multilayer composites. The First Order Shear 

Deformation Theories (FSDTs) based on 

(Reissner E., 1945) and (Mindlin RD., 1951) 

assume linear in-plane stresses and 

displacements respectively through the 

laminate thickness. Since FSDTs account for 

layerwise constant states of transverse shear 

stress, shear correction coefficients are needed 

to rectify the unrealistic variation of the shear 

strain/stress through the thickness. In order to 

overcome the limitations of FSDTs, higher 

order shear deformation theories (HSDTs) 

that involve higher order terms in the Taylor’s 

expansions of the displacement in the 

thickness coordinate were developed. 

(Hildebrand et al., 1949) were the first to 

introduce this approach to derive improved 

theories of plates and shells. Using the higher 

order theory of (Reddy, 1984) free vibration 

analysis of isotropic, orthotropic and 

laminated plates was carried out by (Reddy 

and Phan, 1985). A generalized Levy-type 

solution in conjunction with the closed form 

solution was developed for the bending, 

buckling and vibration of antisymmetric 

angle-ply laminated plates by A. (Khdeir A., 

1989). The exact solutions were obtained for 

the classical Kirchhoff theory and the 

numerical results were compared with their 

counterparts using the first order transverse 

shear deformation theory. The comparisons 

showed that the results obtained within the 

classical laminated theory could be 

significantly inaccurate. A selective review of 

the various analytical and numerical methods 

used for the stress analysis of laminated 

composite and sandwich plates was presented 

by (Kant and Swaminathan, 2001). Using the 

higher order refined theories already reported 

in the literature by (Kant, 1982), (Pandya and 

Kant, 1988) and (Kant and Manjunatha, 

1988), analytical formulations, solutions and 

comparison of numerical results for the 

buckling, free vibration and stress analyses of 

cross-ply composite and sandwich plates were 

presented by (Kant and Swaminathan, 2002). 



  

Journal of Engineering Volume 18 February   2012       Number   2  
 

269 
 

Recently the theoretical formulations and 

solutions for the static analysis of 

antisymmetric angle-ply laminated composite 

and sandwich plates using various higher 

order refined computational models were 

presented by (Swaminathan and Ragounadin, 

2004), (Swaminathan et al., 2006) and 

(Swaminathan and Patil, 2008).  

 

THEORETICAL FORMULATION 

Higher Order Shear Deformation Theory 
(HSDT 12) 
 

For the first time, derived the equation of 

motion based on higher-order shear 

deformation theory (HOST 12) in the present 

study. 

The assumptions of a higher order plate 

theory can also be used within equivalent 

single layer formulation from (Swaminathan 

and Patil, 2008):  

( ) ( ) ( )
( ) ( )
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1. The plate may be moderately thick. 

2. The in-plane displacement u (x, y, z, t) 

and v (x, y, z, t) are cubic functions of z. 

3. The transverse displacement w (x, y, z, 

t)of any point (x, y) cubic functions of z. 

4. The transverse shear stress XZσ , YZσ are 

parabolic in z. 

5. The in-plane stresses Xσ , Yσ and XYτ  

are cubic functions of z. 

6. The normal to the mid-surface before 

deformation are straight, but not 

necessarily remaining normal to the 

mid-surface after deformation. 

7. The transverse normal strain Zσ  is not 

zero. 

The parameters uo, vo are the in-plane 

displacements and wo is the transverse 

displacement of a point (x, y) on the middle 

plane. The functions θx, θy are rotations of the 

normal to the middle plane about y and x axes 

respectively. The parameters ,,, ***
ooo wvu  

*** ,, zyx θθθ  and zθ  are the higher-order terms 

in the Taylor’s series expansion and they 

represent higher-order transverse cross 

sectional deformation modes. This is done by 

taking into account the parabolic variation of 

transverse shear stresses through the thickness 

of the plate (Swaminathan and Patil, 2008). 

The strain components will be derived, 

based on the displacement, as: 
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(3) 

 
Substituting eq. (2) in the stress- strain 

relation of the lamina, the constitutive 
relations for any layer in the (x, y) can be 
expressed in the form: 
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where ]  [ Q  from equ. [ ] [ ] [ ][ ]TQTQ T= , 

[Q] given by : 

 

Q11=E1(1-v23v32)/∆  

Q12=E1(v12-v31v23)/∆   

Q13=E1(v31-v21v32)/∆  

Q23=E2(v32-v12v31)/∆                                  

Q33=E3(1-v31v23)/∆  

Q44=G12  

Q55=G23   

Q66=G13 

(5a)

 

where:      

∆= (1-v12v21 -v23v32 -v31v13 -2v12v23v31)       (5b) 

And the transformation matrix [T] is given by 

the transformation equations: 

 

 

 

Q 11= Q11c4 

+ 2(Q12 + 2Q33)s2c2+ Q22s4 
 (5c)  
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Q 12= (Q11 + Q22 - 4Q33)s2c2 
+ Q12(s4 + c4) 

Q 13= Q13c2 + Q23s2 

Q 14= (Q11 - Q12- 2Q44) sc3 
+(Q12 - Q22 +2Q44)cs3 

Q 22= Q11s4+2(Q12 + 2Q33)s2c2 
+ Q22c4 

Q 23= Q13s2 + Q23c2
 

 
Q 24= (Q11 - Q12 - 2Q44)cs3  

+(Q12 - Q22 + 2Q44)sc3                   
Q 33=  Q33     
Q 34= (Q31- Q32)cs 
Q 44= (Q11 - 2Q12 + Q22 - 2Q44)c2 s2  

+ Q44 (c4 + s4)                                
Q 55= Q55s2 + Q66c2

 

Q 56= (Q66 - Q55)cs 
Q 66= Q55s2+Q66c2

 

(5d)  

All other elements of [Qij] and [Q ij] are zero. 
The entire collection of forces and 

moments resultants for N-layered laminated 
are defined as: 
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(7)

where the overall laminate stiffnesses Aij, 

B i j ,  D i j ,  E i j ,  F i j ,  G i j  a n d  H i j  a r e : 

( )
( ) ( )∫

−

=
2

2

65432 ,,,,,,1

,,,,,,
h

h

k
ij

ijijijijijijij

dzzzzzzzQ

HGFEDBA
 (8)

 i , j  =1, 2, 3, 4, 5, 6, 7)  
If Aij, Bij, etc, are written in terms of the ply 

stiffness ( )k
ijQ and the ply coordinates zk and 

zk-1, the following is obtained: 

( )
( ) ( )∑

=
+ −

=
N

k

n
k

n
k

k
ijn

ijijijijijijij

zzQ

HGFEDBA

1
1

1

,,,,,,
 (9)

(n =1, 2, 3, 4, 5, 6, 7)
 

 

 

 

Differential Equations of Equilibrium of 

Laminated Plates 

The equilibrium differential equations in 

terms of the moments and forces resultants for 

a plate are (Swaminathan and Patil, 2008): 
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(10)

 

 

 

The following plate inertia can be 

introduced: 

 

( )
( ) ( )∑ ∫

=

+

=
N

1k

z

z

65432k

7654321

1k

k

dzz,z,z,z,zz,1,ρ

I,I,I,I,I,I,I
 (11)

If the material for all the layer is identical, 

that is if the density ( )kρ is the same for all k, 

then 

I2=I4=I6=0 (12)
 

Exact Solution for Simply Supported 

Rectangular Plates 

The exact analytical solution of the 

differential eq. (1) (HOST 12) for a general 

laminate plate under arbitrary boundary 

conditions are impossible task. However, 

closed-form solution for ‘simply-supported’ 

rectangular plates is to be considered. 

The following simply supported boundary 

conditions are assumed (see fig. 1). 

B. C. of cross-ply laminated plate associated 

SS-1 : 

  (13a)

B. C. of angle-ply laminated plate associated 
SS-2 : 
 

(13b)
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Fig. 1 Geometry and the co-ordinate system 

of a rectangular plate of thickness h 
Equation of Motion in Terms of 

Displacements HOST12 

For the first time, the equations of 

motion to the HOST12 eq. (1) can be 

expressed in terms of displacements 

( )****
0

*
0

*
0000 ,,,,,,,,,,, zyxzyx wuwu θθθνθθθν  by 

Substituting eq. (6) into eq. (10) as in (Salam 

Ahmed A., 2008). 

Free Vibration Solution by HOST12 

The following form of solution satisfies 

the differential the equations of motion and 

the boundary condition eq. (13), when the 

applied load q (x, y, t) on the right hand side 

of the equations of motion is set to zero. 
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For antisymmetric cross-ply laminates: 
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For antisymmetric angle-ply laminates: 
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By substituting eq. (14) into the 

equations of motion and expressing the a 

result in matrix form the following is 

obtained: 

[ ] [ ][ ]{ } { }02 =∆− MwK mn              (15) 

 
The elements of the matrix [K] (Stiffness 
Matrix) [M] (Mass Matrix) are given in 
(Salam Ahmed A., 2008). 
 
RESULT AND DISCUSSION 

In the following, it is assumed that the 

material is fiber-reinforced and remains in the 

elastic range. The boundary conditions are 

SSSS, and the analytical procedure (HOST 

12) is used in this work. 

The material properties are :- 

E2 =6.92 x109 N/m2, E1= 40E2, 

G12 =G13 =0.5E2, G23 =0.6E2, v12=0.25 
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Dimensions of plate:   

a=1 m   ,     b=1 m     ,   h=0.02 m  

 
Table 1 Effect of degree of orthotropy of 

individual layers on the fundamental 
frequency of simply supported symmetric 

square laminates: a/h=5, ( ) 2
1

2
2 /10 Ehx ρωω =  

E1/E2 No. 
of 

laye
rs 

Source 
3 10 20 30 40 

Exact 2.64
74 

3.28
41 

3.82
41 

4.10
89 

4.30
06 

GTTR 2.62
86 

3.26
79 

3.70
11 

3.94
56 

4.11
50 3 Present 

HOST 
12% 
error* 

2.52
71 

4.54 
% 

3.21
97 

1.96 
% 

3.68
34 

4.99 
% 

3.94
42 

4.00 
% 

4.11
98 

4.20 
% 

Exact 2.65
87 

3.40
89 

3.97
92 

4.31
40 

4.53
74 

GTTR 2.64
16 

3.38
02 

3.94
39 

4.28
09 

4.51
06 5 Present 

HOST 
12% 
error 

2.50
09 

5.93 
% 

3.29
13 

3.44 
% 

3.89
05 

2.22 
% 

4.24
76 

1.53 
% 

4.49
01 

1.04 
% 

Exact 2.66
40 

3.44
32 

4.05
47 

4.42
10 

4.66
79 

GTTR 2.64
60 

3.42
02 

4.03
10 

4.40
08 

4.65
33 7 Present 

HOST 
12% 
error 

2.45
08 

8.00 
% 

3.27
29 

4.94 
% 

3.92
04 

3.31 
% 

4.31
20 

2.46 
% 

4.57
80 

1.92 
% 

 

*Values in parenthesis the give percentage 
error for natural frequency with respect to 
exact solution mentioned above (Bose P. & 
Reddy J. N., 1998). GTTR (General Third 
Order Theory of Reddy) (Bose P. & Reddy J. 
N., 1998). 
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Fig. 2   Effect of degree of orthotropy of 

individual layers on the fundamental 

frequency of simply supported symmetric 

square laminates using (HOST 12): 

a/h=5, ( ) 2
1

2
2 /10 Ehx ρωω =  

Table 2 shows analytical solutions of the 

variation of natural frequencies with respect 

to side-to-thickness ratio a/h for different 

E1/E2 ratio for two and four layered a simply 

supported antisymmetric angle-ply (45/-

45/…) square laminated plate E1/E2 = open, 

E2 = E3, G12 = G13 = 0.6E2, G23 = 0.5E2, 

υ12 = υ13 = υ23 = 0.25.  
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Table 2 Analytical effect of degree of 

orthotropy and (a/h) ratio of individual layers 
on the fundamental 

frequency ( ) 2
1

2
2 /)/( Exha ρωω =  

a/h No.
of 

laye
rs 

E1 
/E2 

Source 
2 4 10 100 

GTTR 4.531
2 6.1223 7.1056 7.3666 

HOST1
2 

4.615
9 6.2572 7.2879 7.5013 3 

Error % 1.87 
% 2.20 % 2.56 % 1.82 % 

GTTR 4.974
2 7.2647 8.9893 9.5123 

HOST1
2 

5.031
2 7.4041 9.1163 9.6453 10 

Error % 1.15 
% 1.91 % 1.41 % 1.39 % 

GTTR 5.181
7 8.0490 10.641

2 
11.538

5 
HOST1

2 
5.272

5 8.1604 10.772
4 

11.673
8 20 

Error % 1.75 
% 1.38 % 1.23 % 1.17 % 

GTTR 5.332
5 8.8426 12.911

5 
14.666

8 
HOST1

2 
5.381

7 8.8933 13.076
2 

14.741
4 

2 

40 

Error % 0.92 
% 0.57 % 1.27 % 0.50 % 

GTTR 4.649
8 6.4597 7.6339 7.9545 

HOST1
2 

4.762
8 6.6133 7.8131 8.1412 3 

Error % 2.43 
% 2.37 % 2.34 % 2.35 % 

GTTR 5.206
1 8.3447 11.411

6 
12.535

1 
HOST1

2 
5.330

7 8.4752 11.577
7 

12.635
3 10 

Error % 2.40 
% 1.56 % 1.45 % 0.79 % 

GTTR 5.414
0 9.3306 14.473

5 
16.992

7 
HOST1

2 
5.530

8 9.4927 14.612
8 

17.103
4 20 

Error % 2.16 
% 1.73 % 0.96 % 0.65 % 

GTTR 5.567
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23.449
9 

HOST1
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5.614
7 

10.153
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17.926
8 

23.591
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40 

Error % 0.85 
% 0.80 % 0.30 % 0.60 % 

 
*Values in parenthesis the give percentage 

error for natural frequency with respect to 

exact solution mentioned above 

(Swaminathan and Patil, 2008). GTTR 

(General Third Order Theory of Reddy) 

(Swaminathan and Patil, 2008). 
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Fig. 3  Analytical effect of degree of (a/h) 

ratio of individual layers on the fundamental 
frequency using (HOST 12): E1 /E2 =20, 

( ) 2
1

2
2 /)/( Exha ρωω =  
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Fig. 4 Analytical effect of degree of 

orthotropy of individual layers on the 
fundamental frequency using (HOST 12): 

a/h=10, ( ) 2
1

2
2 /)/( Exha ρωω =  

 
It is also demonstrated that increasing the 

fundamental frequency with increases the 

degrees of orthotropy (E1/E2) for laminate 

plate due to the increase plate stiffness. The 

number of layers has different effects in 

laminated plates. As the span-to-thickness 



FREE VIBRATION ANALYSIS OF COMPOSITE 
LAMINATED PLATES USING HOST 12 

Dr. Adnan N. Jameel 
Salam Ahmed Abed 

 

 278

ratio (a/h) increases, the fundamental 

frequency decreases, due to the decrease in 

the stiffness of the plate, but the factor of 

nondimensional is gives opposite relation. 

 

CONCLUSIONS 

1. Analytical formulations and solutions to 

the natural frequency analysis of simply 

supported antisymmetric angle-ply 

composite and sandwich plates hitherto 

not reported in the literature based on a 

higher order refined theory which takes in 

to account the effects of both transverse 

shear and transverse normal deformations 

are presented. The accuracy of the 

present computational model with 12 

degrees of freedom in comparison to 

other higher order model with five 

degrees of freedom has been established.  

2. The effect of degree of (a/h) ratio 

becomes more pronounced as the number 

of layers increases. Increasing the ratio 

(a/h) from (2 to 20) the natural frequency 

very increases and from (20 to 100) 

remains stable roughly for (E1/E2= 20). 

3. The effect of degree of orthotropy 

(E1/E2) becomes more pronounced as the 

number of layers increases (for the same 

laminate thickness). Increasing the ratio 

(E1/E2) from (10 to 40) increases the 

natural frequency for (a/h = 5 ) and 

(a/h=10). 

It has been concluded that for all the 

parameters considered Reddy’s theory very 

much over predicts the natural frequency 

values both for the composite and sandwich 

plates. 
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   السكنيةالبيئة في الجيرة لوحدة الفضائي والتنظيملاستدامة ااثر

كاظم الكندي ساجدة  

 مدرس مساعد

جامعةبغداد-  قسم الهندسة المعمارية  

   مستخلص :

 تنظـيم فـضائي      تعاني الاحياء السكنية المعاصرة من ضعف الاستدامة السكنية لبيئتها العمرانية نتيجة اعتماد               

التنميـة    اثرت على تحقيق خطط    لجيرة ،مما ولد خصائص سلبية      اطق السكنية على مستوى وحدة ا     غير كفوء للمن  

ية ضـمن مفـردات     لقد غلبت المعطيات الماد   .المستديمة للبيئة السكنية كونها تشكل غالبية النسيج الحضري للمدن        

دية،فتغير مفهوم المكـان فـي      ت البيئة السكنية بتلك المعطيات الما     العصر الحاضرعلى المعطيات الروحية وتأثر    

واحتلـت   ،)الفـضاء (على الجانب المعنـوي      )الكتلة(المناطق السكنية المعاصرة من خلال هيمنة الجانب المادي         

على المستوى الحضري    فأن تحقيق الاستدامة  لذا  .للعصر كونها احدى السمات الاساسية    التقنية الحديثة حيزا مهما   

م فضائي كفوء يضمن ربط الفضاء الحضري للموقع مع ما يحيط به من خـدمات               يتطلب وجود تنظي   للبيئة السكنية 

ان .واعـادة تأهيلهـا    التي من الضروري العمل على صـيانتها       فضلاعن الخدمات الاساسية   جديدة يمكن اضافتها  

ية نتيجـة   الاستدامة السكنية لبيئتها العمران   مشكلة البحث تتمثل في ان الاحياء السكنية المعاصرة تعاني من ضعف            

 اليات تنظيمية فـضائيةعلى      الى  الوصول ى وحدة الجيرة ،لذايهدف البحث      التنظيم الفضائي على مسنو    عدم كفاءة 

من خلال استثمار عوامل الاستدامة للبيئة السكنية التقليديـة    الاستدامة في البيئة السكنية    مستوى وحدة الجيرة تحقق   

 اعتماد استراتجيات التصميم الانـساني كـاداة        و ء السكنية الحديثة  وتصميم الاحيا  التي يمكن توظيفها في تخطيط    

 ان التنظـيم    ( مفادهـا  وينطلق البحث من فرضـية     .عملية لرفع كفاءة التنظيم الفضائي لوحدة الجيرة المستدامة         

  وحدة الجيرة السكنية ينتج بيئة عمرانية مستدامة على مستوى الاحياء الـسكنية            ى مستو  على الفضائي الكفوء 

                                                                                                   .)الاكبر حجما

The Effect of Spatial  Organization on the Sustainability of the 
Neighborhood Unit in the Residential Environment 

Abstract 

Contemporary residential neighborhoods suffer from weak sustainability of 
urban residential environments as a result of the adoption of inefficient spatial 
organization at the neighborhood unit level. This resulted negative characteristics 
which affected the achievement of sustainable development plans for the 
residential environment that constitute the majority of the urban fabric of cities. 
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The physical affordances ,within the vocabulary of recent times,overcame the spiritual ones and 
affected the residential environment. Accordingly,the concept of space changed in contemporary 
residential areas through the dominance of the physical aspect (mass) on the symbolic aspect 
(space).The modern technology occupied an important level being one of the basic features of the 
era. Therefore, achieving sustainability at the urban level of the residential environment requires 
an efficient spatial organization which ensures the linking of urban space with the surroundings, 
and the new services together with the basic ones that need maintenance and rehabilitation. 

The weak sustainability of the  built residential environment constitutes the main research 
problem. This problem results from the inefficiency of space organization at the neighborhood 
unit level. The research aims to establish spatial organized mechanisms at the neighborhood unit 
level that would achieve sustainability through the investment of sustainable factors of traditional 
residential environment in the planning and design of modern neighborhood,as well as the 
adoption of human design strategies to raise the efficiency of spatial organization.The research 
stems for a hypothesis that states (the efficient spatial organization at the neighborhood unit 
level produces a sustainable urban environment at the level of larger residential 
neighborhood). 

             المقدمة.1  

 التقليديـة     مـدننا   فـي   الـسكنية   تازت البيئة ـام     

الحديثة في تحقيق التكامـل      بأستدامتهاواستباقهاللنظريات

البيئــي والاحتمــاعي والاقتــصادي وتلبيتهاللمتطلبــات 

م بين الجانبين المادي    اخذة بنظر الاعتبار التلاؤ    نسانيةالا

يـه اغلـب المـدن      في الوقت الذي تعـاني ف     والروحي ، 

وبالاخص المناطق السكنية من قـصور فـي        المعاصرة  

هذا التوجه،حيث ادى التطور الحتمي الى ظهـور         تحقيق

 الى اغتراب الانـسان     ماادىمالمشاكل في البيئة السكنية     

عن بيئته،لذا من الضروري العناية بتحسين البيئة السكنية        

 واضفاء الاعتبـارات الانـسانيةعلى اهـداف التنميـة        

ان تحقيق الاستدامة على    .الحضرية ضمن خطة الاستدامة   

المستوى الحضري للبيئة السكنية يتطلـب وجـودتنظيم        

فضائي كفوء يضمن ربط الفضاء الحضري للموقع مـع         

مايحيط به،لقد تعددت المحاولات لتقصي تاثير التـشتت        

ــيم  ــي التنظـ ــاين فـ ــة والتبـ ــضائي للبيئـ الفـ

م خسرانه من التنظيم    السكنيةالمعاصرةومقارنتها مع ما ت   

وتأثير ذلـك    في المدن التقليدية   ةالفضائي للمناطق السكني  

 فقدان الاستدامة في البيئة السكنية المعاصرة الاانـه         على

لم يتم تسليط الضوء على دور التنظيم الفضائي الكفـوء          

حقيق البيئـة الـسكنية المـستدامة،لذا       لوحدة الجيرة في ت   

تضمن البحث محورين  : يتناول   المحـور  الاول مفهـوم   

مبادئهاومستوياتهاولاسيماالمــــستوى ،ابعادها،الاستدامة

 الاستدامةفي  الحضري لتحديد الاطار النظري الذي يحقق     

البيئة السكنية ،بينما يتنـاول      المحـور  الثـاني  التنظـيم   

الفضائي للبيئة السكنية التقليدية ومقارنتـه مـع التنظـيم          

 ليـات آصول الـى    للو الفضائي للبيئة السكنيةالمعاصرة  

ــة  ــصميميةتخطيطيـ ــسكنية   وتـ ــاء الـ للاحيـ

الحديثة،مستثمرةعوامل الاستدامة فـي البيئـة الـسكنية        

تحقق مفهوم الاستدامة في البيئة السكنية الحديثة        التقليدية

               .  بابعادهاالبيئية والاجتماعية والاقتصادية 

 1. 1المحورالاول الاستدامة

 1.1.1.مفهوم الاستدامة

ينطلـق مـن      مفهوم  انها على ) الاستدامة ( تعرف    

 الانسان،  بمستقبل  الاهتمام الى    تدعو  انسانية نظرية  

   تعطـي    التـي    ثم الحفـاظ   علـى   البيئـة            نوم  

ة   الاسـتدام   انجاز بهدف       للانسانية             الاستمرارية

 ـ  و   الاقتصادية  و والاجتماعية   البيئية   زبالتالي تعزي

 ـ   بالطريقةالتي تسمح  الحياة داحتياجاتهم فـي    للاخرين س
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 كماتعرف بانهـا  )3-ص 2008، نجيـل ( . الحاضر والمستقبل 

والـنظم  ) الايكولوجيـة (تعامل النظم الذاتيـة الطبيعيـة     

مع خصوصية المكان في خلـق   التكنولوجية والاقتصادية   

ــة     ــع بيئ ــف م ــى متكي ــضري او مبن ــسيج ح ن

ان فكرة الاستدامة الرئيـسية      ).6-ص ،2006،خروفة(المحيط

قائمة على الحفاظ على التوازن واعادة التـوازن فهـي          

 الاقتـصادية   منهج يهدف الى الموازنة بـين التـأثيرات       

ب تحقيق  ان الاستدامة تتطل  .  في المستقبل والبيئية الان و  

توازن بين عوامـل البيئـة والاعتبـارات الاجتماعيـة          

بيقات كثيرة تمثـل    وهذا الامر يتحقق في تط    والاقتصادية

                         . )2-ص، 2006    الزبيدي(.العمارة احدها

  ا الاستدامة وابعاده2. 1. 1

ــداخل    ــستدامةابعادا متعددة،تت ــة الم ــضمن التنمي تت

فيمابينهاويمكن للتركيزعلى معالجتهااحرازتقدم ملمـوس     

في تحقيق اهداف الاسـتدامةويمكن الاشـارةالى ثلاثـة         

              :مةمتفاعلةهيابعادحاس

 والـذي يهـتم بتحقيـق التـوازن         البعد البيئي  •

على البيئة سواء الطبيعية    الايكولوجي والحفاظ   

                                      . المشيدةمنهااو

  والذي يهتم بتحقيـق التمكـين       البعد الاجتماعي  •

 ي والاستقرارية لمختلف المجتمعـات    الاجتماع

                                           .الانسانية

والذي يهتم بتحقيـق التطـور       البعد الاقتصادي  •

ــق    ــة وتحقي ــادة الانتاجي ــصادي وزي  الاقت

 30 - 31، ص 2006، الزبيدي( كفاءةالاداء الاقتصادي 

. (               

ــاملي    ــوم التك ــمن المفه ــذه الابعادض    ولتحديده

 T.B.L‐(ي الاسـاس للاستدامةظهر مايسمى الخط الثلاث

Triple Bottomline ( .  واستخدام هذاالمصطلح لاول 

اقتصادي  وهو.John Elkington  "( جونايكليجتون" مرة

 هذاالمصطلح   متخصص في البيئة،حيث تمكن من خلال     

اننالايمكن ان نحقـق    :"  من بلورةوجهةالنظر التي تؤكد   

 استدامةبيئيةاو اجتماعية او اقتصاديةبـشكل منفـصل،بل      

لابد مناخذ الابعاد الثلاثـة بنظرالاعتبـار فـي وقـت           

واحدلتحسين نوعية البيئةوالنمو الاقتصادي مـع تحقيـق        

  . )p.75 ، 1999Elkington(.العدالةالاجتماعية

 3.1.1.الاستدامة ومبادئها

سس الجوهرية التـي تـستند      الاتمثل مبادى الاستدامة    

ــدرج تحــت   ــي تن ــستدامة والت ــارة الم ــا العم عليه

ياتهاالرئيسيةجميع التفاصيل والمجالات والتعريفـات     مسم

يهدف الاطـار النظـري     .التي تتناول العمارةالمستدامة    

 لمبادى الاستدامةالى مساعدة المصممين للبحث عن حلول      

اكثر منها تزويدهم بمجموعةمن الحلول الجاهزة ذلك لان        

مـن  كل مشكلة تتطلب حلولاتصميمية خاصة بها نابعـة         

البيئية والحضارية التي تؤثر علـى كـل        تنوع الظروف   

مبنى تبعا لاختلاف الموقع والمناخ والمجتمـع ،آخـذين         

-الزبيـدي (.بنظر الاعتبار المبادئ الاساسيةللاستدامةوهي   

                                        : ).79-ص -2006

 مبدا ترشيد المواردوالذي يعني بتقليـل اسـتهلاك         :اولا 

لاستخدام وتدوير المواردالطبيعيـة الـى      المواردواعادة ا 

    . مدخلات موارد المسكن والتي تدخل في عملية البناء

مبدا التصميم وفق دورة حياة المبنى الـذي يـوفر          :ثانيا

         . منهجية لتحليل عملية البناء وتاثيرها على البيئة

التصميم الانساني والذي يركز على تحقيق بيئة       مبدا  :ثالثا

تبـادل التـاثير بـين      حية للانسان من خلال     مريحة ص 

                       .           الانسان والبيئة الطبيعية

 1.1. 4 . الاستدامة ومستويتها في العمارة 
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تعددت مستويات الاستدامةفي العمارةشأنهاشـأن بقيـة         

المجالات التنموية الاخرى،وتشير الدراسات الى امكانية      

امة في مجال العمل المعمـاري الـى        تقسيم نظام الاستد  

                           :  .)2008-نجيل (.مستويين هي

اولا: المستوى الحضري :- الذي يتعامل مـع المقيـاس      

الخاص به من خلال جوانب البيئة الفيزياوية والطبيعيـة         

                          .الى جانب خدمات البنى التحتية

ان )Liddle (هنـايرى   .المنفـرد مستوى المبنـى    :ثانيا

مباشرة  عمليةبناء البيئةوتحقيق صيغ الاستدامةذات صلة    

بالمصمم الحضري وبمخطط المدن ،وان تكامل العمـل        

مابين المستويين سينتج بيئة مـصممة ومتكاملـة عبـر          

ــى     ــة ال ــاس المدين ــن مقي ــستوياتهاالمتدرجة م م

،وصـولا الـى المبنـى      )وحدة الجيرة (الوحدةالحضرية

  .ءاته المختلفةوفضا

 بالاستدامة على المـستوى     ويتحدداهتمام البحث الحالي  .

،فالتوقعات المستقبلية لنسب النمو السكاني تضع      الحضري

التحدي الحضري في مقدمة المشاكل التي نواجه الـدول         

علـى انتـاج وادارة     النامية فيعين عليها زيادة قـدرتها       

 ـ     ـ قواعدها الحضارية من الهياك دمات ل الارتكازيةوالخ

ل ظروف صعبة مع تناقص المواردمقارنة      والسكن في ظ  

                                             .  بالحاجات

      المـستدام  والتصميمالاستدامة الحضرية   .1.15.

 دن والتجمعـات الحـضرية     ان الاحتياجات الوظيفية للم   

 بمرور الزمن مع تغيـر الـسكان وتطـور          تتغير غالبا 

لذا فان من المهم في اي خطة تنميـة بعيـدة            ، تمعالمج

المدى مراعاة مشكلة تغير استخدام الفضاء وما يرافقهـا         

من اعتبارات والحل الامثل لهذا الامر يظهر من خـلال          

التعامل مع الفضاءات ذات الاستخدام المتعدد التي تمتلك        

لاستيعاب مثـل   ائص فضائية ومرونة عالية تؤهلها      خص

جـات  يق التوافـق المـستمر للاحتيا     تلك المتغيرات لتحق  

 متطلبات الاجيال القادمة فـي      المتغيرة ونظم العمران مع   

 ةالحضريوهذا ما تهدف الية التنمية      . مواجهة احتياجاتهم 

كما ان المظاهر الوظيفية التـي         )51-ص ،2006 –خروفة.(

تحملها الفضاءات ضمن المنظومة الحضرية تتاثر بشكل       

الفضائي للمنظومة مـن حيـث      مستوى التنظيم   مباشر ب 

 وان مـن الامـور      ضعياً وشمولياً، العلاقات الفضائية مو  

المهمة في تطبيق الاستدامة الحضرية الحفاظ على فاعلية        

عالية للفضاء ضمن المنظومة بحيث يكتـسب الفـضاء         

درجة عالية من المرونة تؤهله لتقبل انماط مختلفة مـن          

لخلـق    المحيطلات يتواكب من خلالها مع      صيغ الاستعما 

‐(‐Bartonبورتن( اليه  حضرية مستدامة وهذا ما ذهب     بيئة

2000,p7( مبادئ التصميم الحـضري المـستدم      حددعندما  

                                                    :وهي

  .زيادة الاكتفاء الذاتي •

  .الجيرةتصميم وحدة  •

تلبية احتياجات الانـسان وتحقيـق الاهـداف         •

 . والبيئيةالاجتماعية 

 المتحور التصميم والتنظيم الفضائي الحضري      •

حول الطاقة الفاعلة وتخطـيط شـبكة النقـل         

 .والموصلات 

             لة والفـضاءات   الـساب التنظيم الفضائي لشبكة     •

   .المفتوحة

        عام حيـث   فـضاء ك) شارع المستقبل ( تخطيط   •

    .                         يمثل الاجتماعي للحي

 .استراتيجيات المركز استخدام الطاقة والمواد •
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الحـضري    اسس التنظيم الفضائي     )Barton( ويحدد كما

المستخدم بثلاث عناصر رئيسية تؤثر فـي تركيـب اي          

                           : نسيج حضري وهي

 (accessibility) امكانية الوصول •

 proimity)      (  التقارب •

              (functiona mix).  اندماج الوظائف •

ولتحقيق التنظيم الفـضائي علـى مـستوى الاسـتدامة          

تتوافـق  لكي  الحضرية يجب دراسة المصفوفة الحضرية    

التـي  مع الاحتياجات المحليـة والثقافيـة والاجتماعيـة     

   :كالاتي)‐Williams(يحدده

حضرية متعددة للتفاعلات الانسانية    تحقيق فضاءات    )1

   . لوحدة الجيرةويةالحيوالاجتماعية واعطاء

تحقيق الارتباط والاحساس بالمكان من خلال تصميم        )2

 . الفضاءات

 التكامل مع الانشطة وفي استعمالات الاراضي ممـا         )3

             .ينمي العائد الاجتماعي والاقتصادي والبيئي

                    . )المشاة(لة ابالتكامل في طرق الس )4

لاخذ بنظـر الاعتبـار     التركيز على النقل العام مع ا      )5

 . الخاص   النقل

 ج والتكامل بـين القـيم والمبـادئ التقليديـة          مازالت )6

                              . والاحتياجات المعاصرة

 تحقيق اهداف الاستدامة وجعلها الـسياسة الامثـل         ) 7

  ).p8,200،Williams&Barton,0( للحياةالمستقبلية 

 نيةالاستدامة في البيئة السك 6 .1.1

تؤثر الخصائص الايجابية  او السلبية للبيئة السكنية             

بشكل واضح على تحقيق خطط التنمية المستديمة كونهـا         

ومن هذا المنطلـق    .تشكل غالبية النسيج الحضري للمدن      

 تتبـع   اية بتحسين البيئة السكينة خصوصا التي     يجب العن 

التنظيم الفضائي ذو النمط الشبكي الذي يعاني من نقـص          

الفضاءات العامة والثانوية والمساحات الخـضراء فـي        

التجمعات السكنية مما يقلل من حركة المـشاة ويجعـل          

مما ،تواجد السكان في الفضاءات العامة والمشتركة نادراً        

يؤدي الى ضعف العلاقات الاجتماعية بين السكان ويقلل        

تلطيف المناخ  من المساحات الخضراء التي تساعد على       

       تغيير كما ينتج عن)2008-نجيل(.ث الهواءوتقليل تلو

 من السكني الى التجاري او الاداري      ستعمال الارض  أ  

 ومن عناصر المرافـق     م الاستفادة من البنى التحتية      عد

والخدمات الاخرى لصالح السكان كما يدفع بالمدن الـى         

التوسع والتمدد من خلال الاستمرار في انشاء تجمعـات         

ة لتـوفير   يف باهـض   الاطراف بتكـال   سكنية جديدة على  

الخدمات والمرافق وايصال البنية التحتية والتوسـع فـي         

نظام النقل مما يؤدي الى زيادة استنزاف الموارد الاولية         

.  الوقود وتلوث البيئة السكنية    واستهلاك الموارد واستخدام  

 وهذا ما حددته مشكلة البحث في ان الاحيـاء الـسكنية           

ضعف الاستدامة الـسكنية لبيئتهـا      المعاصرة تعاني من    

العمرانية نتيجة عدم كفاءة التنظيم الفـضائي للمنـاطق         

-،ص2006-الزبيـدي (.  مستوىوحدة الجيـرة   سكنية على ال

202(.                                                    

 6.1.1.1.  تحقيق الاستدامة في البيئة السكنية

1- التصميم الانساني: هو المب  دأ الثالـث مـن مبـادئ       

وهـو  ) 3.1.1المشاراليه فـي الفقـرة    (العمارة المستدامة 

 بالنسبة للتصميم المستدام بينما يتعامل كـل        الاكثر اهمية 

من مبدأ ترشيد الموارد والتصميم وفق دورة حياة المبنى         

مع كفاءة الاداء البيئي للمبنى والحفاظ على الموارد على         
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ينبـع مبـدا التـصميم      .ى دورة حياة المبنى والمـواد     مد

الانساني من احد اهداف الاستدامة لاحترام حياة ووجود        

 ان التعمق فـي     .الكائنات الحية التي تحيا في نفس البيئة      

فهم مبدا التصميم الانساني يؤكد انه يتداخل بعمـق مـع           

ــام   ــسلة النظ ــر سل ــى عناص ــاظ عل ــة للحف الحاج

  .ى البقاءالذي يمنح الانسان القدرة عل) البيئي(الايكولوجي

تهدف اسـتراتيجيات       :الانساني التصميم استراتيجيات

التصميم الانساني الى تعزيز تبادل الوجود بين العمـارة         

يتـضمن  . والبيئة من جهة وشاغليها من جهـة اخـرى        

اتيجيات كل واحدة تتعامـل     التصميم الانساني ثلاث ستر   

ل مع احد المجالات ذات العلاقة المباشرة بالانسان الشاغ       

 للانـسان    الذي يوفر بيئة داخلية ثانوية     ،للمبنى المستدام 

                            -:,0p4‐) (Baker&Steemer,2000: فزيائيا ونفسيا وهي كالاتي

 تهـدف هـذه     -: الحفاظ على الظروف الطبيعية    -:اولا

الاستراتيجية الى تقليل تاثير البيئة ضمن نظامها المحلي        

.                                    .       الايكولوجي  

من اهم مبادئ المبنى المـستدام       -: راحة الانسان  -:ثانيا

توفير بيئة مريحة للانسان حيث لابد للتـصميم مـن ان           

يفرز البيئة الملائمة للعيش والعمل مما يؤدي الى رفـع          

                           .الكفاءة الادائية ويقلل الضغوط

 هـدف   -:تصميم الحضري وتخطيط الموقـع     ال -:ثالثا

استراتيجية التصميم الحضري وتخطيط الموقـع تحقيـق        

اكبر استفادة من الموارد الطبيعية في الموقع كمـصادر         

ومكونـات  )  الريـاح  -الطاقة الشمسية (الطاقة المتجددة   

 التكـوين   –التـضاريس الجغرافيـة للموقـع       ( الموقع  

فـي تـصميم    ) باتات الن – الماء   – التربة   –الايكولوجي  

المبنى وتسقيط الكتلة مع الحفاظ على النظام الايكولوجي        

ان الوسـائل    .للموقع على مـدى دورة حيـاة المبنـى        

المرتبطة باستراتيجية التصميم الحضري وتخطيط الموقع      

تحقق الاستدامة على نطاق اوسع من التصميم المـستدام         

جيرة للمبنى او السكن بشكل منفصل حيث يمكن لوحدة ال        

والتجمعات السكنية والاقاليم الجغرافيـة الاسـتفادة مـن         

التنظيم الفضائي المخطط بانتظام من تقليل الحاجة للطاقة        

والمياه لتوفير بيئة سكنية وحضرية خالية مـن التلـوث          

                          :ومتوافقة مع الطبيعة من خلال

1-النقل والمواصلات العامة  : ان تخطيط المدن ا   و وحدة  

الجيرة التي تتوافق مع البيئة يجب ان لا تتمحورتخطيطيا         

حول المواصلات الخاصة بـل حـول مبدأالمواصـلات         

العامة وممرات المشاة وعدم التوجـه نحـو التخطـيط          

الحضري الممتد لتشجيع اعادة تطوير الموقع الموجـود        

تلائم ل الابنية المشيدة واعادة تأهيلها   اصلا واعادة استخدام    

استخدامات جديدة وبـشكل يـسمح بتكامـل نظـم          مع  

المواصلات العامة مع نظم حركة النقل الموجـودة فـي          

 فالعمـارة المـستدامة علـى مـستوى         .التجمع السكني   

التصميم الحضري لابد ان تصمم استناداً الى مبدأ تشجيع         

استخدام المواصلات العامة عوضاً  عـن الاف وسـائل          

عتماد على المواصـلات    النقل الخاصة حيث ان زيادة الا     

الخاصة يؤدي الى امتداد التجمعـات الحـضرية علـى          

حساب الفضاءات والمساحات الخضراء لانشاء الطـرق       

لـوث الهـواء    الى زيادة الت  ومواقف السيارات مما يؤدي     

نفس المـصدر   (  غير المتجددة  واستنزاف الطافة اللاحفورية    

                                               .    )السابق

2- التطوير المتعدد الاستخدام  : تدعو التوجيهات الحديثة   

للتطوير المستدام للتجمعات السكنية الـى تطـوير متعـدد          

الاستعمال الذي يشجع على التداخل مـا بـين الفـضاءات           

السكنية التجارية والادارية والترفيهية مما يمـنح الانـسان         

هم وتسوقهم مما   فرصة خيار السكن بالقرب من اماكن عمل      

يضفي احساسا متزايداً بوحدة الجيرة والانتمـاء للمجتمـع         

اكثر من الضواحي الاعتيادية كما انها تخلق فعاليات لمـدة          

      .                        .       اربع وعشرون ساعة
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ان تطوير المناطق السكنية لابد ان ياخذ بنظر الاعتبـار          

نوعيـة ومـستوى     ،التجانس الاجتماعي كفرص العمـل    

الخـدمات الـضرورية التـسوق والانـشطة        ، المدارس

وكيفية ، الفعاليات الترفيهية ، التجارية والانشطة التجارية  

الوصول الى العمل والتي بمجملهـا تـشكل مجتمعـات          

مستدامة ذات اكتفاء ذاتي مما يقلل الحاجة الى اسـتخدام          

لتلوث المواصلات وبالتالي التقليل من استهلاك الوقود وا      

                    . Kim&Rigdon,1998A,p.27)(البيئي

3- اعتماد حركة المشاة    (الـساب لة):التـصميم المـستدام   

للتجمعات السكنية بهدف الى احترام المعايير الانـسانية        

والحفاظ على البيئة عند التصميم لذا لا بد مـن اعتمـاد            

فكرة التصميم على حركة المشاة بالدرجـة الاولـى ثـم           

وسائط المواصلات الصديقة للبيئة ثم تاتي المواصـلات        

العامة مثل الحافلات القطـارت الكهربائيـة والـسريعة         

والمترو اما السيارة الخاصة فتاتي الاخيرة فـي البيئـة          

 -:السكنية المستدامة التي تسعى الى تحقيق المبادئ التالية       

            .كثافة سكانية عالية واستخدام متعدد للفضاءات

          –الــشوارع ( اســتغلال الفــضاءات المفتوحــة - .1

                                                 . )   التقاطعات –الحدائق 

  .التكامل بين استخدام الارض وتخطيط النقل .2

لذا فأن التوجيهات الحديثة للسكن المستدام تـدعو لتبنـي          

كني يعتمـد   مفهوم وحدة الجيرة المستدامة وهي تجمع س      

في تشكيله على ابعاد الاستدامة بيئيا واجتماعيا واقتصاديا        

وذلك لاقامة بيئة سكنية مستدامة والتـي تاخـذ بنظـر           

نوعيـة ومـستوى المـدارس      ،فرص العمل   ، الاعتبار  

، والانـشطة التجاريـة     ، التسوق  ، الخدمات الضرورية ،

الفعاليات الترفيهية وكيفية الوصول الى امـاكن العمـل         

لتي بمجملها تشكل مجتمعـات سـكنية مـستدامة ذات          وا

                            )142-،ص2006-الزبيدي(.اكتفاء ذاتي

  2‐ مفهوم وحدة الجيرة:- 

او المجاورة السكنية وهي نظريـة او فكـرة تخطيطيـة          

تهدف الى خلق بيئة سكنية او صحية بمرافقهـا العامـة           

 تخطيطا حـديثا    وهي ليست اتجاها  . وخدماتها الضرورية 

ولكنها فكرة ظهرت مع قيام الثورة الصناعية في نهايـة          

 وحدة الجيـرة او    .القرن الثامن عشر وبداية التاسع عشر     

وخلال مراحـل تطورهـا     المجاورة السكنية منذ بدايتها     

اعتمدت نظريا على خلق بيئة عمرانية سليمة ذات حيـز          

 او فضائي  محدد وارتباط اجتماعي قوي بدون اي تفاوت     

ويعتبر مركز الخدمات من العوامـل      . تمييز بين قاطنيها    

التي ساعدت على تحقيق اهدافها من خلال تقوية التفاعل         

ولقد ساعدت متقرحات تحديـد     . الاجتماعي بين ساكنين  

مسافات السير او الوصول بالنسبة للخدمات على تحقيـق    

الترابط بين السكان مما ادى نجاح فكرة المجـاورة فـي           

اما التكوين العمراني للمجاورة فهو عبـارة       . لوقت  ذلك ا 

واضح المعالم تتحد شخصيته من خلال الحدود       عن حيز   

ي الذي يتمثـل    الخارجية وتناسق التكوين العمراني الداخل    

- الجـابري  (وخـدمات المجـاورة    في المناطق الـسكنية   

    .                                                 .)201،ص،1986

 الطروحات النظريةحول وحدة الجيرة ا:-

 كفكرة مع قيام الثورة الصناعية في       ظهرت وحدة الجيرة  

وفي تلـك   . نهاية القرن الثامن عشر وبداية التاسع عشر        

المرحلة تحول العمل اليدوي الى عمل ميكانيكي وتحولت        

الورش الصغيرة الى مصانع كبيرة جذبت العمال التـي         

اطق العمل وما صاحب ذلك من      استوطنت بالقرب من من   

زيادة سكانية عالية قامت ثورة اجتماعية تنـادي بحيـاة          

تـم  . كريمة وبيئة سكنية صحية ملائمة لتلـك العمالـة        

مد تخطيطهـا   طيط العديد من المدن الصناعية التي اعت      تخ

منطقـة سـكن    تتكون غالبا من     على فكرة وحدة الجيرة،   

 لقرب مكـان    لمجاورة ونتيجة ومنطقة للخدمات ومركز ل   



2012   مجلة الهندسة                           شباط  18          مجلد 2    العدد 

 

  25

بمنطقة الخدمات فقـد     وارتباط السكن      العمل من السكن  

ادت المجــاورة الــسكنية فــي ذلــك الحــين دورهــا 

                           )164-،ص2010- الاحبابي(.بنجاح

بيـري   اقترح رائد التخطيط الامريكي      1923 ففي عام   

)Perry (     الـسكنيةالتي  فكرة وحدة الجيرة او المجـاورة  

 وبالـداخل شـبكة     رئيـسية    خارج شوارع    من ال  يحدها

شوارع فرعية توفر الهـدوء والامـان وعـدد سـكان           

 .                 )نسمة5000(المجاورة 

بعد الحرب العالميـة الاولـى نـادى رواد التخطـيط             

حيـث  (كلارنس ستين وهنري رايت بفكرة البلوك الكبير       

ارة عـن   والبلوك عب ) يشمل البلوك مجاورة سكنية كاملة    

مستطيل من الارض تحيط بها الـشوارع مـن جميـع           

احـد    فـي    1927الجهات وطبقت هذه الفكـرة عـام        

                                    . المشاريع في امريكا

كما قام رجال الاجتماع بعمل دراسات متكاملـة عـن            

 الوحـدة   يرة التي هي مـن وجهـة نظـرهم          وحدة الج 

الاساسية التـي يتكـون منهـا       الاجتماعية والتخطيطية   

س ة لي المجتمع الكبير واقترحوا ان يكون حجم هذه الوحد       

لدرجة التـي تـتحطم عنـدها الاتـصالات         بالكبيرالى ا 

والعلاقات الشخصية ولا بالصغيرة للدرجة التـي تفـشل        

التنوع والاختلاف وان تضم هذه     معها الوحدة في تحقيق     

او تفـاوت   الوحدة كل طبقات المجتمع بدون اي تميـز         

  الاف  10 – 5( واعتبر رجال الاجتمـاع ان مـا بـين          

                                   .حجم مناسب لوحدة الجيرة)نسمة

براء التخطيط  ر العالمي لخ  م وضع المؤت  1977 وفي عام   

والعمارة والاسكان في فرانكفورت تعبير مرادف لوحـدة       

يتـراوح نـصف    ) حيز خاص بالمشاة  (الجيرة الا وهو    

نطاقه يمكن الحصول علـى      وفي) م500 – 400(قطره  

الخدمات اليومية ووضعت معايير لهذا المـستوى وفقـا         

                       -:لتوصيات الؤتمر 

اي )  اسـرة  200 -600( حجم الاسرة يتراوح بـين       -

                               .) نسمة3000-8000(

 ـ(  توفير الخدمات اللازمة في الحيـز        -   دار –ة  مدرس

                                . ) سوق تجاري–عبادة 

     ان يكون لهذا النطاق شخـصية فـي اطـار الحـي             -

                                     .    السكني الاكبر

  ان يحدث تنظيم فضائي بين هذه المنطقـة والنـسيج           -

                                . العمراني للحي السكني

 (عن  نظريـة للتحـضر الجديـد    وفي مرحلة البحث 

newurbanismالتـي  ) العودة للـذات  -الامةالامريكية

رين وتتفاعل  في الربع الاخير من القرن العش     ظهرت في   

 المرحلة الـسابقة مـن امـراض        حتى الان مع ما خلقته    

وتحديات ومشكلات اجتماعية واقتصادية وبيئية وثقافيـة       

احد الملهمـين للعمـران     )Mumford(وكان  . وسياسية  

الجديد الذي لخص منتصف القرن العشرين منهج التنمية        

بعد الحرب العالمية الثانية بانها التنمية ضـد         في امريكا 

كرد فعل علـى     ظهرت حركة العمران الجديد    .العمران

 يقودهـا مجموعـة مـن المعمـاريين         التفلطح والتمدد، 

درة المجاورة  يؤمنون بقوة وق  ، والمخططين والمطورين   

السكنية التقليدية على اسـتعادة المجتمعـات الوظيفيـة         

والمستدامة التي تعمل لاقامة مجتمعات للمشاة بمقيـاس        

انساني ومدخل العمرانيين الجدد متعددة لتحقيق اهـدافهم        

اما استراتيجيات حركة العمران      ) 143-ص،2010-الاحبـابي (.

لـى اسـتخدام    تمثل اتجاه قوي يطالب بـالعودة ا      فالجديد  

 ـ    نظريةمرتكزات   ميم والتخطـيط   ص وحدة الجيرة في الت

اخذت شعبيتها تظهر بقوة خـلال الثمانينـات        العمراني ، 

 وتهدف الى اعادة    .واوائل التسعينات من القرن العشرين    

تشكيل كل عناصر ومقومات التنمية العمرانية المستدامة       

خل داسواء اعادة ترتيب المدينة من ال     عمراني  لوالتخطيط ا 
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الضواحي وتعتمد على الاسـتراتيجيات     في  او المساحات   

           -:التالية

تصميم    العودة الى مفهوم ونظرية وحدة الجيرة عند         -

وتخطيط المناطق السكنية بالمدن كبديل للتخطيط الشبكي       

                                                 .رالمكر

وحدة  في تصميم وتخطيط     التركيز على حركة المشاة      -

                                                .الجيرة

 ان تصمم المجاورة مجموعة متنوعة ومتوازنـة مـن          -

           .المساكن والاعمال لسكانها وليس من خارجها

مـن    ط الاسكان بالمجاورة لتضم مجموعة     تنوع انما  -

 ـ        ذي يـصعب   المساكن بدلا من نموذج الفيلات فقـط ال

او اكثـر    الحصول عليه لارتفاع تكلفته وامتلاك سيارة       

والمدرسة والـسوق     لخدمة الاسرة للوصول الى العمل      

                                                . والترفيه

ت المختلطة للاراضي في الوظـائف       العودة للاستعمالا  -

 من فصل   والانشطة في المناطق السكنية في المدينة بدلا      

)  .           144    -نفس المصدر السابق ص( .استعمالات الارض    

مما تقدم يمكن القول ان استراتيجيات العمرانيين الجـدد         

م ولاسيما مبدا التصميم   تتطابق مع مبادئ التصميم المستدا    

م التصميم الحـضري    ي هي حركة تستلهم مفاه    الانساني،و

كـرار المجتمعـات     ت  الـى  عبر التاريخ ولكنها لاتهدف   

 ا ،  والحديث وهذا ابرز خصائصه    بل تمزج القديم  القديمة

وبهذا تقدم عملاً  متوازياً من خلال المحافظة على تكامل          

بينما تقدم منتجاً سكنيا    ، وحدة جيرة بمقياس انساني للمشاة    

                                            .اوتجارياً حديث

ع النظريات التـي تناولـت       جمي ستعراض ومن خلال ا   

حدة الجيرة نجدها جميعـا تتمحـور حـول تنظيمهـا           و

الفضائي المتدرج مع نمط وحجم الفعالية داخل المنطقـة         

السكنية لتقليل الجهد المبذول وتحقيق بيئـة سـكنية ذات          

اكتفاء ذاتي ملبية للمتطلبات الصحية والاجتماعية التـي        

  .                .    تحتاجها مناطقنا السكنية المعاصرة

وحدة الجيرة المعاصرة  :-     ظلت وحدة الجيرة منـذ     

نشأتها محتفظة بخصائصها ومكوناتها العمرانيـة كمـا        

 ولكـن   ات طويلة الاهداف التي صممت لها ،      رلفتحققت  

مع التطور السريع في الظروف الاقتصادية والاجتماعية       

والتكنولوجية لم تعد اهداف قرب المـسكن مـن امـاكن           

العمل وتوفير الخدمات في مركز المجاورة وتحديد مسافة        

. السير هي العناصر الحاكمة في تخطيط المناطق السكنية       

ها حدث ل فالمناطق التي صممت على فكرة وحدة الجيرة        

 حيث هجرت مراكـز  تغير كبير في استعمالات الارض،  

 الـشكل   ذاتالمجاورات واخـذت الخـدمات التجاريـة      

يعد عنصر الزمن ومساحة الوصول     الشريطي الممتد ولم    

من العناصر الحاكمة في تحديد اماكن الخـدمات بـسبب    

                            )2009-زينب(   . ةظهورالسيار

هل تلائـم   : ومن الضروري هنا طرح السؤال التالي         

المجاورة السكنية كوحدة تخطيطيـة بفكرهـا التقليـدي         

ان الاجابة علـى       ظروف ومتطلبات المجتمع الحالي؟   

هذا السؤال يتطلب التعرف على وحدة الجيرة التقليديـة         

وتنظيمها الفضائي و مقارنته بالتنظيم الفـضائي لوحـدة         

الجيرة المعاصرة لاختيار اثر التنظيم الفضائي في تحقق        

                            . مبدا وحدة الجيرة المستدامة

 2. المحور الثاني التنظيم الفضائي              

 1.2. التنظيم الفضائي على مستوى المدينة التقليدية  :

تقسم المدينة الاسلامية الى مجموعة فضاءات متباينة          

هويـة  وتكون  ،وهي تعكس وسائل التعبير الاجتماعي      ، 

نتاج اجتمـاعي وانعكـاس     المجتمع وهذه الفضاءات هي     

وميـة  ي ال لكثير من الظواهر الاجتماعية والبئية والحاجات     
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). اي انه فضاء وظيفي     ( سكان هذه المدن      يحتاجها التي

حتـواءه علـى     وجود المسكن وا   يضتفحاجات العائلة تق  

 توفير الراحة النفسية لمستعمليه    العناصر الضرورية قصد  

 والطرقـات  الازقة   وجود    تقتضي  المرور الى   والحاجة

 .)116-ص -2010-الاحبـابي .(سـواق    ا ،والحاجةالى وجود 

قـسمت القبائـل    ) الاسـلامية   (ذا نجد المدن التقليدية     له

العربية على شكل خطط كل قبيلة فـي خطـة واحـدة            

وتركت لها حرية تقسيم الاراضي بينها تبعا لظروفهـا         .

                           .امكانياتها في التعمير والانشاء

يمثل التنظيم الفضائي ذو النمط العضوي نموذج معظـم        

قليدية ذات النمو المتسلسل والمتطور طبيعياً مع       المدن الت 

احتياجات المجتمع بشكل تراكمي الذي يشترك ويتنـاغم        

مع اغلبية الانظمة في تحقق فكرة التضام لانـه يمتلـك           

خواص الايكولوجي والتنوع في مكوناته ويحافظ علـى        

التنظيم الفضائي الشمولي للمدينة وذلك بالمحافظة علـى        

ة ضمن المناطق الحضرية والحـزام      الفضاءات المفتوح 

                                   .الاخضر حول المدينة

 حـول  فالتنظيم الفضائي العضوي غير الهندسي ينتظم     

الشوارع والازقة في تنظيم عضوي متجانس بعيد عـن         

الانتظام الهندسي ذي الخطوط المستقيمة والزوايا الحـادة   

 الحال في المناطق الـسكنية      كما هو الحال في   ( التقاطع  

ان . لفضائي ذو النمط الشبكي     ذات التنظيم ا  ) المعاصرة  

فة بل هو نتاج الظـروف المناخيـة        التضام لم يكن صد   

                )6-ص -2004-السواط (.والدينية والاجتماعية

يتميز التنظيم الفضائي للمدينـة العـضوية بالـشوارع           

ة الواسـعة   الجيرة والافني ووحدات  ، ية  توالملوالمماشي  

كخزانـات  كشوفة والحدائق الداخليـة  تعمـل        نسبيا والم 

الظروف المناخية  لقد اثرت    .للهواء النقي المعتدل البرودة   

العضوي للمدينة وذلك لحماية    في تكوين التنظيم الفضائي     

رارة الشمس وتوفير الظل المطلوب عيـر       لة من ح  الساب

هي بمحـاذات نهايـات     ةالتي تنت استخدام الشوارع الضيق  

ت كمـا سـاعدت الفـضاءا     .مغلقة والبروزات الافقيـة   

لق تحرك هـوائي    الحضرية ضمن نسيج المدينة على خ     

 مما اعطى التنظيم الفـضائي      منها الى الازقة الملاصقة،   

                   .           ).1(شكل ايجابيات مناخية

ي المتضام  وبذلك تعتبر المدينة العربية بنسيجها التقليد        

افضل مثال على تطبيق مفهوم الاستدامة على مـستوى         

المدينة ككل فالتنظيم الفضائي لها ومعالجـات مـسارات         

 – الـشكل  – الطـول  –العـرض  ( الحركة من حيـث   

تعتبر  الاتجاه الذي يمثل المرحلـة الاساسـية         ) التوجيه

فالتنظيم الفضائي ذو النمط المنـضام      ، للتكيف مع البيئة  

 من  يف مؤثرات المناخ القاسية والتخفيف     تلط ساعد على 

اثارها خاصة درجة الحرارة العالية والاشعاع الشمـسي        

والرياح المتربة والحارة وبالتالي التخفيف مـن اجمـالي         

على واجهات الابنيـة خاصـة      الحمل الحراري المؤثر    

                . )73-ص -1988-فتحي (.الوحدات السكنية 

رة التقليدية مع وحدة الجيـرة كونهـا        تعاملت العما      

فـالتنظيم  ، جزءاً من النسيج الحضري للمدينـة ككـل         

الفضائي للمدينة بشكل عضوي متضام من الكتل البنائية        

والمحلات السكنية التي تترابط فيمـا بينهـا بالـشوارع          

ومسارات الحركة المتدرجة في الطول والعـرض تبعـا         

ا ودرجة خـصوصيتها    اليهلاهميتها والمنطقة التي تؤدي     

فـالتكيف  .سواء كانت فضاءات عامة او وحدات سكنية        

مع البيئة المحيطة يبدأ على مـستوى المدينـة معتمـدا           

التدرج بمستوى الخصوصية للموقع وفضاءاته وطبيعـة       

                                    .)2(انظرالشكل.البناء

1.1.2 التنظيم الفضائي ع  لى مـستوى وحـدة     

 الجيرة  التقليدية                       
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تتكون المحلات السكنية من مجموعة وحدات سـكنية          

ذات فناء وسطي متجمعة بتنظيم فضائي عضوي متشابك        

وتحصر بينها الشوارع ومسارات الحركة التـي كانـت         

ضيقة ومتعرجة ومحاطة بجدران شبه مصمته ومظللـه        

 ـ  نية الوسطي فوالتي كانت من الا     كمـنظم   لة للمسكن تعم

لم يكـن المـسكن      حراري للمحلة السكنية وللمدينة ككل    

متميزا شامخا لوحده بـل تجـاورت        أ او   التقليدي منفرد 

مساكن الاغنياء والفقراء ضمن وحدة الجيرة دون تمـايز     

طبقي اواجتماعي سواء في تسقيط الوحـدة الـسكنية او          

 التميز بين مساكن الاغنياء والفقـراء       معالجتها الخارجية 

بر اختلاف احجام المساكن ومساحاتها وعدد افنيتها مما        ع

 بعض الايجابيات فـي      فأضاف اثر على التنظيم الفضائي   

الاداء البيئي ضمن التصميم العام للنسيج الحضري مـن         

لفة فـي الـضغط والتخلخـل       خلال تكوين فضاءات مخت   

ا ساعد على حدوث تحرك هوائي طبيعي ما بين         الهوائي  

ري وفي داخل المـسكن مـا بـين         اجزاء النسيج الحض  

المساواة بين افراد المجتمـع     . فضاءات المسكن المتعددة    

هي احد ابعاد الاستدامة الاجتماعية التي تسعى لتحقيـق         

 العدالة والتمكن والتواصل الاجتماعي بين افراد المجتمع      

                     ) 117-ص -2010- الاحبابي( .)3(انظرالشكل

حدة الجيرة من اهم المفاهيم التي اسـتند        يعتبر مفهوم و    

عليها تخطيط المدينة العربية وذلك تيمنا باهمية الجار في         

                          .الاسلام وضرورة الاحسان اليه

وتمثل وحدة الجيرة اهم التوجهات الحديثـة للمـسكن            

 الاسـتدامة البيئيـة     المستدام التي تسعى الى تحقيق ابعاد     

 والاقتصادية لبناء مجتمعات مـستدامة ذات       اعية،،الاجتم

 وهو المبدأ الذي اعتمد عليه التنظيم الفضائي        تي،اكتفاء ذا 

)   .                 4(والشكل)3  (شكلللمدينة العربية  

هناك العديد من المبادئ الاساسية التي استندت عليهـا        

ي يمكن  والت، العمارة التقليدية المتضمنة لمفهوم الاستدامة    

مع بعض التعديل والتحوير والتطوير ان تكون مؤشرات        

دالة لتصميم العمارة المـستدامة المعاصـرة فـالتخطيط         

ضائي المنفـصل نتيجـة حركـة       المعاصر والتنظيم الف  

ج عنه اجزاء تمتاز بالرتابة وتكـرار الـنمط         نت السيارة،

وفقدان الشعور بالمجتمع المحيط مما انتج بيئـة سـكنية          

ــا ــسانية   لاس كبيرذات مقي ــات الان ــشجيع الفعالي ت

ان تخطيط وتصميم الحـضري لفـضاءات       ،والاجتماعية

وحدة الجيرة يعمل علـى حمايـة وترسـيخ العلاقـات           

الاجتماعية والقيم الثقافية فـضلا عـن الابعـاد البيئيـة           

 ـوالاقتصادية اذن التنظيم الفضائي العـضوي الم       ضام ت

صة معرفة  لوحدة الجيرة يوفر فضاءات عامة واخرى خا      

وكذلك تلبية شروط الحماية البيئيـة      ، وواضحة ومحترمة 

-زينـب   (.الانسان الاجتماعية والاقتـصادية   تبعا لحاجات   

ومن تحليل الرؤى السابقة يتضح للبحث العلاقة           )2009

التبادلية الفاعلة للمسكن التقليدي مع البيئة المحيطة علـى         

بيئيـة  وتكامـل منظوماتهـا ال    ، وفق مفهوم الاسـتدامة   

وكذلك مدى تجاوب التنظـيم     . والاقتصادية والاجتماعية   

فالعمـارة  . الفضائي للعمارة التقليدية مع البيئة المحليـة        

 مكامن الديمومـة فـي   لتقليدية ما تزال تحمل في طياتها ا

             . الحاضر كما كانت منذ مئات السنينالوقت 

 كثيـرة    بالمقابل تواجه العمارة المعاصرة تحـديات        

لتثبت انها قادرة على استيعاب متطلبات التنمية المستدامة        

ة اعادة استكشاف متطلبـات     لذا فعلى العمارة المعاصر   ، 

العمارة التقليدية واختيار ما هو ملائم منها للبيئة المحلية         

ومزج هذه المبادئ مع التقنيات الحديثة واستخدامها فـي         

                                      .عمارتنا المعاصرة

2.1.2 التنظيم الفضائي لوحدة ا   لجيرة المعاصرة  

 ( النموذج الشبكي)          

 الفضائي لوحدة   تنظيميفترض عند امعان النظر في ال         

لوظـائف التـي تحـدث        ا  عكـس  ت انالجيرة المعاصرة 
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وبدورنا لايمكن ان نجزم ان وحدة      ،) Lynch‐1981‐p115(فيها

التـي   شلت في اداء وظائفها الماديـة     رة ف الجيرة المعاص 

نسان والمجتمع ككل   مثلت استجابة للمتغيرات التكوينية للا    

رئ بعض القصور في التنظيم الفـضائي الـذي         الا اننا ن  

ــوي  ــاني والاداء الحي ــى التواصــل المك انعكــس عل

  :والاجتماعي ضمن الشكل الحضري المعاصر من خلال

ندسي متكرر  كل ه تقسيم الاراضي والمواقع السكنية بش    * 

ــب  ــق ش ــد وف ــيط المتعام  GridIron (كة التخط

Pattern(.      فالعنصر الاساسي الذي يحدد مساقط وتوزيع

الوحدات السكنية هو الشارع مما يدل على ان الاستجابة         

ظـيم  ت حركة المركبات هي المهيمنة علـى التن       لمتطلبا

الحـضري العنـصر    وعندما كان الفـضاء     . الفضائي  

 الحسي للتنظـيم الفـضائي ضـمن        الاساس في الادراك  

 العضوي نجد ان الفضاء الحضري في        الحضري النسيج

 الانسان لان نسب    نمط الشبكي المخطط لايدرك من قبل     ال

 انظر الـشكل  ، تخطيط النسيج معد للمركبة وليس للانسان     

      )2009-زينب(.)4(

وهنا فقدت الركيزة الاولى من ركائز التفاعل الانساني        * 

وهو المحور الاساسي للتصميم الانساني الذي      مع الفضاء   

يؤكد على تفاعل العمارة مع شـاغليها وبـين العمـارة           

 على اسـاس الوحـدة      فالتنظيم الفضائي لم يبنى   . البيئةو

القياسية الانسانية وانما على مقياس اكبر واوسع كان لـه          

اثره الكبير في فقدان التفاعل الاجتماعي بين ابناء وحـدة          

وكلـه  ( ياد الانشغال بسبب الارهاق اليومي      وازدالجيرة  

التي جعلـت امكانيـة الخـروج       ) يرجع لوجود السيارة    

والتنقل لمسافات طويلة مرهقـة للجـسد بعـد ان كـان            

اي اصـبح لـدينا      .المقياس انسانياً  والمسافات متقاربة      

خلل في واحد من اهم مقايس الاستدامة في وحدة الجيرة          

ف والفعاليات السكنية الحضرية    وهو كفاءة الفضاء للوظائ   

وهو احد ركائز التصميم الانساني الذي يؤكـد علـى          ، 

الاستخدام المتعدد للفضاء وقرب الفعاليات واعتماد النقل       

           .العام بدل الخاص لربط فعاليات وحدة الجيرة 

الرتابة الهندسية الصارمة والانفتاحية في الدور السكنية       *

يضة ترجمة واضحة للمؤثر التقني     وظهور الشوارع العر  

ظم المجتمعية الجديدة   الجديد وهذا له الاثر الكبير على الن      

ربي من استعمال    التأثير بالفكر التخطيطي الغ    الناتجة عن 

شكل هندسي واحد في تقسيم الموقع السكني وفق تخطيط         

شبكي في احياء سـكنية انفـصلت وتـصاميم تعـددت           

الثقافية الحسية والمعرفية   وتنوعت وفق القدرة الشرائية و    

مما ادى الى تولد شكل من اشكال العـزل الاجتمـاعي           

 التقليديـة لتكـون     والفردي لم يكن موجودا في المحلـة      

ة في الوقت الذي تدعو مبـادئ وحـدة         الفروقات الطبقي 

فـضلا عـن الاربـاك       ،س الاجتماعي انالجيرة الى التج  

يـة  وظيم الفضائي وفقـدان المكـان لله      البصري في التن  

لحضري وهنا نجد فقـدان     الحيزية والتفاعل مع الفضاء ا    

 جاح النتظيم الفضائي لوحـدة الجيـرة      في ن مقياس اخر   

الاحـساس  المعاصرة وهو العدالة والتجانس الاجتماعي و     

                    . ) p144‐149-1981p-Lynch( بالفضاء والتفاعل معة

ي جعل  تغيير استعمالات الارض من سكني الى التجار      * 

ً  لفقـدان              من التنظيم الفـضائي الحـديث مثـالا حيـا

الخصوصية في تراتب وحدة الجيرة الـسكنية وتـداخل         

الوظائف العامة لاستعمالات الارض مع الخاصة السكنية       

معرضة البيئة السكنية الى مشاكل جمة ممثلـة بـالتلوث          

 على الارصفة   التجاوز،الهوائي والضوضائي والبصري    

فقـدان  ، )والتعدي علـى حقهـم     (مشاةواماكن مرور ال  

تزايد العزل  ،تكاثر الجريمة ،السلامة المرورية والازدحام    

فـضلا  ن الترابط بين ابناء وحدة الجيرة       الاجتماعي وفقدا 

عن الخسائر الاقتصادية للطاقـة واسـتعمالات الارض        

امـل ركنـا    والضغط على البنية التحتية اذ يمثل هذا التع       

دامة البيئيـة والاجتماعيـة    الاسـت اساسـياً مـن ابعـاد   

الى جانب ذلك فان       )127نفس المصدر السابق ص   ( .والاقتصادية
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التنظيم الفضائي الحضري للمدينـة بمـا يخـدم تـوفير          

المعالجات البيئية والاجتماعية والاقتصادية هو احد اهـم        

 المخططين الحضريين في المـدن المعاصـرة      اهتمامات  

 لى استعمالات الارض  رة ع فعلى سبيل المثال ان السيط    .

يؤثر ضمنياً على المناخ والـذي لايـزال واحـد مـن            

الصعوبات التي تجابه المخططين فيما يعـرف بالمنـاخ         

                         .maicroclimate الموضعي

معاصـرة ذات   لذا فالتنظيم الفضائي لوحدة الجيـرة ال      * 

 حقيقة التغير الاجتمـاعي الـذي       النمط الشبكي يعبر عن   

 والتفرد فـي    يان قيم الفرد بدل الجماعة ،     غدث نتيجة ط  ح

نسبة البناء الـى    اشكال الوحدات السكنية وطرق بناءها او     

ا حة افقد قيم التصميم المـستدام ولاسـيم       فضاءات المفتو 

 التباعد بين ابناء وحـدة       فيما زاد من   التصميم الانساني، 

الجيرة وقلل من التفاعل الاجتماعي فيما بينهم ومعرفـة         

دة تبادل الفعاليات وبالتالي قلل كفاءة التنظيم الفضائي لوح       

وخاصة بين العـام    الجيرة واضعف من ترابط فضاءاته      

 مما سبب سوء توزيع الفـضاءات الخـضراء         ،والخاص

العامة والترفيهيـة بـسبب     والتوقيع غير الصحيح للابنية     

عدم دراسة المتطلبات الوظيفية ومقياس نجـاح الـشكل         

     .)5(شـكل  ..الخ  اءة وملائمة وعدالـة   الحضري من كف  
      

.2.2 مؤشرات  التنظيم الفضائي  الكفوء  لوحـدة  

 الجيرة  المستدامة:                     

وهر التحولات الحديثة فـي البيئـة الحـضرية            ان ج 

عموما والبيئة السكنية خصوصا تكمن في فقدان التنظـيم         

جزاءالموضوعية الفضائي الشمولي النابع من تعريف الا     

له حيث ان المجتمعات الانسانية تنظم محيطهاالفـضائي        

لتشكل حضارة فضائية عن طريـق هيكلـة العلاقـات          

الفضائية بين الكتلة والفضاء بـصيغة مباشـرة اوغيـر          

 ـ( رمزيـة  مباشرة التي قد تكون هندسية     ة الـسكنية   البيئ

 لانتـاج )البيئة السكنية التقليديـة   (او عضوية   )المعاصرة

لذا يجد البحث ان اعتمـاد       .د العلاقات الاجتماعية  وتولي

 وحـدة الجيـرة كوحـدة       ىتنظيم فضائي كفؤعلى مستو   

 اساسيةلتخطيط البيئة السكنيةعلى مستوى المدينة يحقـق      

والاقتـصادي  الاجتماعي  البيئي  :ستدامة بابعادهاالثلاث الا

                             :ليتين همامن خلال اعتماد آ

 1.2.2.الالية الاولى تفعيل وحدة الجيرة المستدامة:

وحدة   الاولى اعتماد المؤشرات الاتية لتحقيق     تشمل الآلية 

تخطيط المناطق السكنية الحديثة وهي     جيرة مستدامة عند    

  :كما يلي

اعتمادمفهوم وحدة الجيـرة كوحـدة تخطيطيـة         •

اساسية عند تصميم وتخطيط المناطق السكنية في       

شبكي المكرر،والتي تـوفر    المدن بدل التخطيط ال   

مجتمع صغير يسمح بوجودالعلاقات الاجتماعيـة      

وتعزيز التفاعل الاجتماعي للمجاورة ومـن ثـم        

  .المدينة

تحديد حجم لوحدة الجيرة لكي يتم اعتمادهاكوحدة        •

تخطيطيةاساسية ،وهذا الحجم يجب ان لا يكـون        

كبير الى الدرجة التي تتحطم عندها الاتـصالات        

جنماعية ولا صغير للدرجـة التـي       والعلاقات الا 

تفشل معها الوحدة في تحقيق التنوع والاخـتلاف        

ومن المفضل ان يتراوح عددالسكان في وحـدة        .

( شـخص )1000-500(الجيرة المستدامة بـين     

 ).كماتوصي بعض الدراسات الحديثةوالنظريات

اعتمادوحدة الجيرة المستدامة على حركة المـشاة        •

جميع الاسكاني لتقليل   كوسيلة نقل رئيسيةضمن الت   

استخدام المواصلات وبالتالي التقليل من استهلاك      

 .الوقود والتلوث البيئي

اعتماد التنوع في حجم الوحدات السكنية ضـمن         •

وحدة الجيرة وكذلك اعتماد انماط سكنية متنوعـة        
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،يجعل من الممكن لجميع افراد المجتمع امكانيـة        

مع الحصول على وحدة سكنية فضلا عن خلق مجت       

 .متجانس لايفرق بين غني وفقير

المخـتلط  )الاسـتعمال (اعتماد نمـط الاسـتخدام     •

للاراضي والانشطة العمرانية في تخطيط وحـدة       

الجيرة المستدامة،لتوفيرخدمات متكاملـة ضـمن      

وحدة الجيرة يستغني مـن خلالهاالـسكان عـن         

استخدام السيارة والاعتماد على حركة المشاة أي       

وصول وتقـارب الفعاليـات      اعتماد مبدأ سهولة ال   

 .)6( شكلواندماج الوظائف والفعاليات

  الآليــة الثانيــة تفعيــل اســتراتيجيات 2.2.2

 : التصميم الانساني
يمكن اعتماد استراتيجيات التصميم الانساني كآلية عملية 

لرفع كفاءة التنظيم الفضائي لوحدة الجيرة المستدامة من 

  :خلال مايلي 
 

       :روف الطبيعيةويتم من خلالالحفاظ على الظ  -1 

 اعتمادالتنظيم الفضائي ذو النمط المتضام لمتلاكه       •

خواص الايكولوجي والتنوع في مكوناته ويحافظ      ال

على النظرة الشمولية للمدينة كجزء من الطبيعـة        

وذلك بالمحافظة على الفضاءات المفتوحة ضـمن       

المناطق السكنيةوالحضرية والحزام الاخضر حول     

 .نةالمدي

اعتماد التنظيم الفضائي المتضام لوحـدة الجيـرة         •

مناطق السكنية حـول    بدل الهندسي ،الذي ينظم ال    

ظيم فـضائي متجـانس بعيـدعن    شواع وازقة بتن  

الانتظام الهندسي ذي الخطوط المستقيمة والزوايا      

 .الحادة التقاطع

الترشيد والعقلانية في المباني العامة والخدمية من        •

تعمال المختلط ومزج الوظـائف  خلال اعتماد الاس  

والتقليل من التمدد العمرانـي للاحيـاء       )الفعاليات(

 .السكنية

التنظيم الفضائي ذو النمط المتضام افضل مثـال         •

على تطبيق الاستدامة في وحدة الجيرة من خلال        

تخطيط ومعالجة مسارات الحركـة مـن حيـث         

وتغيـر  -التوجيـه -الطـول -الـشكل -العرض(

سية للتكيف مـع    المرحلة الاسا والتي تمثل   )الاتجاه

ث يـؤدي التنظـيم الفـضائي       حي.البيئة الطبيعية 

ــاخ    ــؤثرات المن ــف م ــى تلطي ــضام ال المت

القاسيةوالتخفيف من اثارهـا خاصـة درجـات        

الحرارةالعاليةوالاشعاع الشمسي والرياح المتربـة     

والحارةوبالتالي التخفيف مـن اجمـالي الحمـل        

اصـة  الحراري المـؤثرعلى واجهـات الابنيةخ     

 . الوحدات السكنية
     2- راحة الانسان:                                      

   اعتمــادالتنظيم الفــضائي ذو الــنط المتــضام لوحــدة 

يعمل على ترسيخ العلاقـات الانـسانية        الجيرةالمستدامة

والاجتماعية والثقافية من خلال توفير فضاءات مختلفـة        

اصـة وواضـحة    ومتنوعة ،فضاءات عامة واخـرى خ     

وامينة باعتماد الشوراع مغلقة النهايةكماهو الحـال فـي         

                                          .المدن التقليدية

ط الحمايـة    شـرو  كما يلبي التنظيم الفضائي المتـضام     

 البيئيةلحاجات الانسان وقيمـه وعلاقاتـه الاجتماعيـة،       

 للاراضـي    المخـتلط   ويعطي امكانية اعتماد الاستخدام   

ضمن وحدة الجيرة والذي يحقق افضل راحةللانسان من        

                                                  : خلال

 )الخدمات-العمل-للسكن(سهولةالوصول  •

تقارب الفعاليات يقلل من الوقت الذي يقضيه الساكن         •

-المـسكن (في المواصلات وعلى الطرق من والى     

 )الخدمات–العمل 
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ظائف يعمل على توفير كافة الخدمات التي       مزج الو  •

 .يحتاجها الساكن

ــع :                  ــيط الموقـ ــضري وتخطـ ــصميم الحـ 3-التـ
  

يجد البحث ان اعتماد التنظـيم الفـضائي ذو          -1

النمط المتضام هو انموذج جديد للاسـتدامة فـي         

التخطيط والتصميم الحـضري لوحـدة الجيـرة        

مع فقط من خلال    السكنية،والذي لايؤكدثقافة المجت  

الارتباط بالنسيج القديم للمنطقة ،ولكـن يعبـرعن        

  Chen‐ (وكما يـرى  .التطور الحضري المستدام    

 الامثل للتخطيط الحضري     الحل ان تحقيق  2008)

المستدام يكمن قي احياء مبادئ ومفـاهيم قديمـة         

،الاستخدام المدينة المتـضامة  (اثبتت نجاحها مثل    

ــلارض وتفعيلا  ــتلط ل ــالمخ ــة هلتوج  لحرك

ويمكن تحقيق مبدأ التضام فـي التخطـيط        )لمشاةا

والتصميم الحضري لوحدة الجيرة المستدامة مـن       

  :خلال 

 .التقارب في مختلف استعمالات الارض •

لحد الادنى مـن    اتكامل استعمالات الارض والتقليل      •

 .الاراضي المكشوفة

 التجميع حول فضاءات حضرية مصغرة •

قـاطع حركـي    تحقيق اقل اختراق واقـل نقـاط ت        •

للسيارات مع ضـمان الطـرق الثانويـةللتجمعات        

 .المختلفة

مـع خدماتهاالاجتماعيـة     تكامل الوحدات الـسكنية    •

والاقتــصادية والثقافيةوالتعليميــة وبتجميــع هــذه 

 .الخدمات يؤلف وحدة الجيرة المستدامة

اعتماد التخطيط والتصميم الحضري لوحدة الجيـرة        -2

 المشاة بشكل اساسي لتقليل     على حركة النقل العام وحركة    

وسائل النقـل الـصديقة      ئي من خلال اعتماد   يالتلوث الب 

فـضلا عـن    ،صللبيئة وتقليل الاعتماد على النقل الخـا      

لحركــة المــشاةوربطها اعتمــاد تنظــيم فــضائي كفوء

بالفضاءات العامة بما يضمن تفاعل اجتمـاعي ايجـابي         

        ). 8(و)7  (يعزز الشعور بالانتماء لوحدة الجيرة

 3‐  الاستنتاجات :   

ط الاستدامة بالتنظيم الفضائي من خلال اهدافهافي       ترتب *     

مبنـى او   (تقليل مسافة الوصول والانتقال بين المنظومة       

التعامل الناجح مـع العلاقـات       كذلك،)التجمع الحضري   

الوظـائف  المكانية للفضاءات من حيث الحركة وتـدرج        

 التي تحملها الفضاءات ضـمن      لتأثرهابالمظاهر الوظيفية 

،وضـمن هـذا    أي منظومة بمستوى التنظيم الفضائي لها     

الاطار فان تطبيقات هامة تجمع بين الاستدامة والتنظـيم         

    :الفضائي منها 

 التعامل الناجح مع العلاقة المكانية للفضاءات مـن           •

       .                   الوظائفحيث الحركة وتدرج 

تشاف المحاور الاكثر اهميـة ضـمن       الاقتصادباك   •

كخطوط خدمات البنى التحتيـة التـي          المنظومة  

  مع الفضاءات ذات الاستخدام العام       تتداخل مباشرة 

              .وبشكل خاص على المستوى الحضري

 لمظاهر الوظيفيةالتي تحملها الفضاءات ضـمن       ا   •

التنظيم الفضائي للمنظومة مـن حيـث العلاقـات         

    .                           موضعياوشمولي الفضائية

لايمكن اعتبار البيئة السكنية مستدامة مالم تعتمد وحدة          *

الجيرة المستدامة كقاعدة اساسـية لنظريـات التخطـيط         

لماتوفره من مجتمع صغير يسمح بوجود      السكني الحديث، 

الاجتماعيةوتعزيزالتفاعل الاجتماعي كما   تبادل للعلاقات   

ئة حضرية صحية خالية من التلوث مع تـوفير         تحقق بي 

بعداقتصادي من خلال تقليل استهلاك الطاقة كـل هـذه          
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الذي يعتمد   الابعاد يتم تحقيقهابالتنظيم الفضائي المدروس    

مبادى التصميم الانساني الذي يعتمـد الانـسان الهـدف          

      .الاساس له

المتكاملةلنظرية وحدة الجيرةمن قبـل     ان الطروحات     *

وردوبيري وممفرد وبورتن ووليم وحركـة العمـران        ها

الجديد،قدمت قاعدة غنية لمعايير تخطيط وحـدة الجيـرة    

المستدامة التي تحقق الاستدامة بابعاده البيئيةوالاجتماعية      

   .                     .والاقتصاية

 الاساسيةالتي استندت عليها     هناك العديد من المبادئ    * 

يـة المتـضمنة لمفهـوم الاسـتدامة        وحدة الجيرة التقليد  

واستباقهاللنظريات الحديثة في تحقيـق النكامـل البيئـي         

والنفسي لخلق بيئة سكنية مـستدامة تتميـز بالتواصـل          

الفكري والمادي وتلبيتها للممتطلبـات العامـة للانـسان         

كالراحة والكفاءة الوظيفة والاجتماعيـة لـساكنيها مـع         

 مستقبلامع الاخذ بنظر    ضمان استمرارية الكفاءة الادائية   

الاعتبارالتلائم بين الجانبين الروحـي والمـادي وهـذه         

                          .المبادئ تتوافق مع مبادئ التصميم الانساني

 تمثل وحدة الجيرة اهم التوجهات الحيثة للمسكن المـستدام          * 

ابعاد الاستدامة البيئيـة والاجتماعيـة      التي تسعى لتحقيق    

            .ية،لبناء كجتمعات ذات اكتفاء ذاتيوالاقتصاد

تحمل في طياتهامكامن الديمومة في     ماتزال العمارة التقليدية  * 

بالمقابـل  .الوقت الحاضر كما كانت منذ مئات الـسنين         

تواجه العمارة المعاصرة تحديات كثيرة لتثبت انها قادرة        

رة على استيعاب متطلبات التنمية المستدامة لذا فعلى العما       

المعاصرة اكتشاف مبادئ العمارة التقليديةواختيار مـاهو       

 ملائم منهاللبيئة المحلية ومزج هذه المبادئ مع التقنيـات        

            .    واستخدامها في العمارة المعاصرةالحديثة

 ان جوهر التحولات الحديثة في البيئة الحـضرية عمومـا           *

الفضائي م  والبيئة السكنية خصوصا تكمن في فقدان التنظي      

 الجزاء الموضـعية لـه      الكفؤالشمولي النابع من تعريف   

،وان اعتماد استراتجيات التصميم الانساني يعـد كـاداة         

عملية لرفع كفاءة التنظـيم الفـضائي لوحـدة الجيـرة           

المستدامةمن خلال توظيفه كاليـة لتحويـل المؤشـرات         

الاســتعمال -كمــسافة الوصــول(والمعاييرالمــستنبطة 

كعوامـل  ) اد حركة المشاة والنقـل العـام      اعتم-المختلط

استدامة في التنظيم الفضائي لوحدة الجيرةلتحقيـق بيئـة         

                                         . سكنية مستدامة

 المصادر •

  :المصادر باللغة العربية •

،الجزءالاول،جامالتخطيطالحضريالجابري،مظفر، •

وزارة التعليم العالي والبحث -عة بغداد

  .1986- لمي،الطبعةالاولىالع

تـشكيل   الاستدامة البيئيةفي الزبيدي،مهاصباح،- •

،اطروحة دكتـوراه   لعراق ا التجمعات الاسكانيةفي 

جامعـة  -،قسم الهندسة المعمارية،كلية الهندسـة    

 .2006بغداد،

 دور العـزل الحـراري فـي      السواط،علي محمد،  •

 المباني ضمن اطار فكـرة العمـارة المـستدامة        

زل الحراري واهمية تطبيقه في     ،ندوة الع الخضراء

-17دول مجلس التعاون لدول الخلـيج العربيـة،       

،الريـــاض المملكـــة العربيـــة 2004/-21

  .2004السعودية،

 الطاقــة فــي  خروفــة ،عمــر حــازم،    •

،اطروحة دكتوراه، قـسم    العمارةالمحليةالمستدامة

  .جامعة بغداد-الهندسة المعمارية،كلية الهندسة

وحدات السكنية  اثرتشكيل ال عباس،راضي  زينب    •

ــاءةالاداءالوظيفي   ــع كفــ ــي رفــ  فــ
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 ،المؤتمرالهندسي الـسادس كليـة    ةللفعاليةالانساني

ــة ــداد-الهندس ــة بغداد،بغ ــراق-جامع -5الع

  .2007ابريل7

 الاسـتدامة الاجتماعيـةفي    حميد، الاحبابي،شيماء •

،اطروحة دكتوراه قسم الهندسـة     العمارة المحلية 

ــة  ــة الهندس ــداد      -المعمارية،كلي ــة بغ      جامع

2010                                           .  

 والعمارةالتقليدية الطاقات الطبيعية   فتحي،حسن، •

ــشر  ــة 2،ط  المؤسسةالعربيةللدراساتوالن ،جامع

  . 1988 الامم المتحدة، ،طوكيو،

المجاورة قناوي،عبدالرحيم وعصام عبدالسلام ،    . •

 ـ،)الواقع– السكنيةالنظرية ي مؤتمرالازهرالهندس

  2007ابريل،14-12الدولي التاسع،القاهرة،

نجيل،كمـــال عبــــدالرزاق وشــــمائل  - •

 استدامةالمدن التقليديـةبين الامـس    وجيه،محمد

الجامعة -،مجلةالهندسةوالتكنلوجيةوالمعاصرةاليوم

               . 2008-11،العدد26التكنلوجية،المجلد

 المصادر باللغة الانكليزية •

• ‐Barton,Hugh‐1996.Sustainable  Urban 
Design  Quarterly,issue  57‐Juauary 
1996,Urban Design Group. 

• Baker,Nick&Steemers,Koen,(2000),Ener
gy  and  Environment  in  Architecture 
:aTechnical  Design  Guide  ,  E&N 
Spon,London,UK. 

• ‐Elkington,J,(1999),Triple  Bo om  Line 
Revolution:Reporting  for  the  Third 
Millennium,Australian CPA,Vol.69.p75. 

• Kim,Jong‐Jin&Rigdon,Brenda  (1998A)‐
Sustainable 

ArchitectureModule:Indroduction    to 
Sustainable  Design,  National  Pollution 
Prevention  Center  for  Higher 
Education,Michigan.USA. 

• Lynch,Kevi:"Atheory of Good City 
Form";TheMIT 
press,Cambridge,Massachuse s,1981. 

• –Williams,Kati,Barton,Elizabeth  and 
JenkssMike,2000"Achieving  Sustainable 
Urban Form".E&FN Span.   

 ‐ 
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 -2006-الزبيدي-المصدر (-للمشاة   تجاور الوحدات السكنية وتظليل مسارات الحرآة ذاتيا لتوفير بيئة مريحة ) 1(شكل 
)48ص  

                              

  وحدة الجيرةوفق مفهوم          الحرآة مسدودة النها يةلمنع دخول         التنظيم الفضائي للفناءات الداخلية

         وعلاقتها بعموم النسيج الحضرياءوالحفاظ على وحدة الجيرة       الغرب  الاستدامة في النسيج الحضري

  عربية                      في المدينة العربية                            للتوظيف البيئيفي المدينةال   

                          التنظيم الفضائي وفق مفهوم الاستدامة في المدينة العربية و وحدة الجيرةومسارات الحرآة) 2(كلش
)50-، ص2006الزبيدي،:(                                            المصدر  

  وحدة الجيرة وحدة اجتماعية تراعي- يوضح نمو وحدة الجيرة التقليدية والتدرج الهرمي للتنظيم الفضائي لها)3(شكل
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  )163 -،ص2010الاحبابي،(مدينة الدمام المصدر- في الدوسر-التجانس الاجتماعي بين افراد المجتمع الواحد 

م والازقة المظللة في المدينة العربية التقليدية يساعد على تلطيف التنظيم الفضا ئي المتضا) 4(شكل 
)48ص -2006-الزبيدي:المصدر (البيئية للمدينة  المؤثرات  

  

  )المعاصرة(يوضح التباين بين تصميم التنظيم الفضائي لوحة الجيرة التقليدية والحديثة ) 5(شكل

  )118-،ص2010الاحبا بي ،( المصدر
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  تعتمد الفكرة التصميميةعلى-1التدرج في الخصوصيةودرجة        -2تمثل الاماآن المفتوحة مناطق                    -3

 التجمع للسكان حيث تعتمدالفكرة                  الاحتوائية مابين الشارع ، الساحة         الفصل ما بين حرآة السابلة و

السابلة وخلق              ثم الميدان الذي يعتبر مرآز التجمع           السيارات مع التأآيد عاى  التصميمية على حرآة   

 مناطق تتدرج في الاحتوائية                                   والفعاليات العامة                      المناطق السكنية          

كة المتحدة مثال على التطوير متعدد الاستخدام لوحدة الجيرة لتحقيق قرية شيروود للطاقة في الممل) 6(شكل 
)141ص-2006-الزبيدي : المصدر(مبادئ الاستدامة البيئية،الاجتماعية والاقتصادية   
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                     في وحدة الجيرة المستدامة للبيئةووسائط النقل الصديقة التصميم للمشا ة) 7(شكل

)                                                            142ص -2006-الزبيدي:المصدر(–  

لندن -القرية الالفية والذي يعتمد التخطيط متعدد الاستخدام لاحياء التخطيط التقليدي بأ سلوب حديث) 8(شكل   

)176ص-2006الزبيدي ،:المصدر(  


