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ABSTRACT 

Egypt has a high potential of solar energy, which can be considered as a 

reliable energy source during most of year because it lies within the 

subtropical regain. Sun tracking and reflector System was designed in 

Agricultural Engineering Dept., Faculty of Agric., Kafrelsheikh 

University and performed in summer and winter 2010/2011 at Rice 

Mechanization Center (RMC), Meet El-Deyba, Kafr El-Sheikh 

Governorate Egypt. Therefore, the main objectives of the present study 

were: to design sun tracking system of the photovoltaic modules 

horizontally and vertically with reflector under different operation 

conditions. The treatments were panel temperature in (summer and 

winter), daily solar radiation, panel tilt angles: (0⁰- 20⁰ -30⁰ in summer) 

and (0⁰ -30⁰ -50⁰ in winter), panel orientation: (toward south along 

daytime- sun tracking from east to west) and using mirror as reflector of 

sun rays. The results illustrated that, by increasing panel temperature 

tended to decrease both of maximum output power PV and panel 

efficiency at constant of solar radiation. By increasing solar radiation 

from 200 to 911.39W/m
2
 tended to increase both of maximum output 

power PV and panel efficiency by 77.18 and 7.91%, respectively at PV 

temperature of 30⁰C. The best performance of panel was achieved when 

panel was sun tracking from east to west at panel tilt angle of 20⁰ in 

summer and 50⁰ in winter.  The values of daily collected radiation, 

maximum output power and panel efficiency were 683.22W/m
2
, 98.18W 

and 9.69% in summer and 518.85W/m
2
, 87.73W and 11.669 % in winter, 

respectively. The gain in collected radiation and output electric power 

due to sun tracking was higher than the gain in collected radiation and 

output electric power due to change the tilt angle. The benefit ratio of 
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collected radiation is higher than the benefit ratio of output electric 

power for all operations in summer and winter. The performance of the 

panel improved by the application of the reflector. 

1. INTRODUCTION 

hotovoltaic (PV) panel   is one of the most important renewable 

energy technologies for converting sunlight into electric energy. 

During the last decades, the worldwide research in the field of 

solar energy has focused on the methods to efficiency enhancement and 

maximization of performance. Helwa et al. (2000) showed that solar 

tracked PV array system, single-axis or two- axis solar tracking 

mechanisms are used where PV panel is mounted on the device to track 

the sun. Rönnelid et al. (2000) found that stationary, flat reflectors 

mounted at the front of nonofficial PV modules had increased the annual 

output of the module by an order of 20–25%. Cell temperature and 

irradiance distribution on a PV panel are of vital importance to the 

performance of the panel. The increase in cell temperature with increased 

irradiance is one major difficulty associated with application of reflective 

materials to PV panel systems in Sweden. Ahmed and Hussein (2001) 

showed that the application of the reflector on the photovoltaic panel 

increased the incident solar radiation on the photovoltaic panel. Harrison 

(2001) showed that the performance of the panel degrades with the 

increase in temperature as the efficiency of the panel decreased with the 

increase in temperature. Vilela et al. (2003) mentioned that the 

irradiation collected by the tracker plane is 19 and 24% higher than the 

one collected by the fixed system. Faiman et al. (2003) showed that 

Traditional ways of achieving high intensity of solar radiation on PV 

panel are solar tracked PV array system and concentrating systems. 

Karimov et al. (2004) stated that another way of increasing intensity of 

solar radiation on PV panel is by focusing the solar radiation on it.  

Hussein et al. (2004) showed that With the PV panel oriented at latitude 

angle so as to optimize the intensity of solar radiation, the solar tracking 

reflective mirror will increase the incident solar radiation. The increased 

solar radiation will thus improve the total output of the PV panel. El-

Sayed et al. (2005) noticed that the module efficiency was negatively 

affected by the ambient air temperature. Ghoneim (2006) said that the 

P 
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maximum power point tracker is adopted to force the PV array to work at 

maximum power, thus improving the system efficiency. Tonapi and 

Larochelle (2006) discussed that tracking mechanism will continuously 

reflect the solar radiation on the stationary photovoltaic panel throughout 

the day. Kulkarni et al. (2007) used Mirror Positioning Device (MPD) 

to achieve optimum reflection throughout the day a novel solar tracking 

mechanism augmented with a reflector mirror because the position of the 

sun changes throughout the day. Also, they found that maximal current 

(Imax) value does not vary much with the variation of the temperature. 

There is a slight reduction in maximal voltage (Vmax) value as the 

temperature of the panel increases. Consequently there is slight decrease 

in the efficiency with the increase in temperature. Meah et al. (2008) 

said that the fixed system gets less sunlight but ends up being more 

reliable and needing less maintenance. Also, they showed that as the 

sun changes its angular position over the year, the solar array angle 

needs to be adjusted according to the sun’s angle.  Dong (2009) 

discussed that as panel tilt decreased, the percent insolation of the front 

panel increased.  The optimum tilt angle for the front PV panel was not in 

agreement with theory under cloudy weather conditions. However, he 

said that there was currently no information on which type of reflector 

surface profile will yield the best PV module performance. Li et al. 

(2011) showed that solar irradiation intensity had certain effects on the 

solar cell’s performance. Rekioua et al. (2013) said that to maximize the 

efficiency of the system, it is necessary to track the maximum power 

point of the PV array. Bentaher et al. (2014) said that the deflection of 

sun rays on a solar photovoltaic panel can reduce its power output until 

50%. They constructed and tested a simple tracking system based on 

light dependent resistors. This system was used for the command of 

photovoltaic panels. Belhadj et al. (2016) studied the photovoltaic 

system concentration, by two plates reflective to increase the intensity of 

solar radiation on the panel plates. Naik and Gaonkar (2016) presented 

a simple single axis automatic sun tracking system for the solar panel. 

This tracking system uses the voltage delivered to the load as a sensing 

parameter to orient the solar panel for normal incidence of sunrays. 

Therefore, the main objective of this work was design and built of the 

sun tracking device of the photovoltaic cells horizontally and vertically 
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with the direction of the sun and reflector to be suitable for the 

requirements of accuracy direction and increasing the solar radiation 

received by the modules under different operation conditions. 

2. MATERIAL AND METHODS 

Sun tracking and reflector were designed in Agricultural Engineering 

Dept., Faculty of Agric., Kafrelsheikh University. The experiments were 

tested and performed in summer and winter 2010/2011 at Rice 

Mechanization Center (RMC), Meet El-Deyba, Kafr El-Sheikh 

Governorate, Egypt which is located at 31°6′N latitude, 30°50′E 

longitude, and an elevation of about 6 meters above mean sea level 

during a different clear sunny days to achieve the optimum PV panel tilt 

angle, orientation of sun tracking and sun array reflection at which the 

highest power output and efficiency.  

2.1 System Description 

The main parts of proposed system were sun tracking device and 

reflector. 

2.1.1 Sun tracking device 

Sun tracking device was manufactured to use in this study as shown in 

sketch of Figure 1.a and photograph of Figure 1.b. It adjusted the 

direction of the photovoltaic cell horizontally and vertically with the 

direction of the sun. It consists of nine components:  photovoltaic cells, 

device of horizontal control, device of vertical control, index of the sun 

perpendicular on photovoltaic cells, battery holder and measuring device, 

frame, axial wheel with brake, thermoelectric Pyranometer to measure 

insolation and handles to fixing the inclination and direction of 

photovoltaic cells. 

2.1.1.a The horizontal control device : 

The horizontal control device consists of a frame (190cm length 

and104cm width and 3cm thickness made from pipe metal square section 

(3×3 cm) type. It mounted on two ball bearings fixed on steel frame. The 

dimensions of the frame are 116cm long, 54cm. width and 3cm 

thickness. Fixed on cylinder, (112cm length and 6cm diameter) rotate by  
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Figure 1.a. Sketch of sun tracking device with the photovoltaic modules 

 

Figure 1.b. Photograph of sun tracking device with the photovoltaic 

modules 
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320º around the horizontal axial and there is handle supported on each 

ball bearing to fixing the inclination of photovoltaic cells. 

2.1.1.b The vertical control device 

The vertical control device consists of a cylinder, (112cm length and 

4.5cm diameter) rotate inside cylinder (50cm length and 6cm diameter) 

rotate 360º around the vertical axial and there is handling supported on 

the outer cylinder to fixing the direction of photovoltaic cells.  

2.1.1.c The frame of device  

The frame was constructed from pipe metal square section, (3×3cm) 

welded together to form the device. The device has four axial wheels 

with brake. 

2.1.2 The reflector 

It is a flat mirror with dimensions of 104×44cm to reflect solar radiation 

on the PV module as shown in Figure 2. 

2.1.3 Solar modules   

The PV array (ExSolar 300 Series) has a capacity of  140  peak  Watt 

(four modules ,  35 peak Watt each and 586 x 410 x 25mm size), 21.8V 

open circuit voltage (VOC), 2.27A short circuit current (ISC), and mounted 

on sun tracking device surface.  

 

Figure 2. Photograph of reflector with module 
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2.2 Experimental treatments 

2.2.1 Orienting the PV array  

The PV array has got a tracking arrangement for orienting the panel 

towards east (from 9.00 to 13.00h ), south (from 13.00 to 16.00h ) and 

west ( from 16.00 to 19.00 h ) directions in summer season. The PV array 

has got a tracking arrangement for orienting the panel towards east (from 

9.00 to 12.00h), south (from 12.00 to 15.00h ) and west ( from 15.00 to 

17.00h ) directions in winter  season.  

2.2.2 Tilt angle and the sun tracking test 

The experimental setup for the tilt angle and sun tracking test was: 

Panel tilted at 0⁰; panel tilted at 20⁰ without tracking the sun; panel tilted 

at 20⁰ with tracking the sun from east to west; panel tilted at 30⁰ without 

tracking the sun and panel tilted at 30⁰ with tracking the sun from east to 

west. These angles as illustrated in Figure 3. The PV panels were tested 

at tilt angles 0⁰, 20⁰ and 30⁰ in summer and 0⁰, 30⁰, and 50⁰ in winter. At 

winter the applied angles were 0⁰, 30⁰ and 50⁰ with and without sun 

tracking in each angle. The improvement due to changing tilt angle is 

assessed by comparing the improvement in the output of the PV panel in 

terms of efficiency.  

 

Figure 3. Setup for tilt angle test. 

2-2-3 Reflector  

The purpose of the reflector experiment was to determine the optimum 

tilt angle of the PV panel matching with reflector at which the highest 

power output could be achieved. This experiment employed a reflector 
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surface like mirror to reflect the rays on to PV module. The performance 

was compared with the same PV module without reflector under the 

same environmental conditions in winter 2011. The improvement due to 

application of the reflector is assessed by comparing the improvement in 

the output of the photovoltaic panel in terms of efficiency. The PV 

module tracked with sun from east to west at tilt angle 30⁰. The reflector 

was moving with the PV module at tilt angle 7⁰ which was determined 

by experiment. 

2.3 Measuring Instruments 

 The experimental test stand was comprised of: Pyranometer, two 

multimeter, compass, anglevel meter, water balance, digital thermometer, 

metal meter, and stop watch. 

2.4 Methods 

2.4.1 Determination of input and output power  

The insolation to the PV array gives the input power to the system and 

output power by using equations as follows (Hamza and Taha 1995): 
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Where: Pin: input power (W); Pout: output power (W); Ins: insolation 

(W/m
2
); A: solar module area (m

2
); Voc: open circuit voltage (V); Isc: 

short circuit current (A) 

2.4.2 PV panel efficiency 

  PV panel efficiency (ɳpanel) is the ratio between output power to input 

power. It was calculated by the following equation (Hamza and Taha 

1995):  
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Where: FF:  fill factor which equals about 0.67 for Si. 
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2.4.3 Benefit ratio 

Benefit ratio of solar radiation, 

       
)4.........(

reflector)R(without 

reflector) (withR
BRR   

Where: R: solar radiation, W/m
2 

Benefit ratio of output electric power,

  
)5...(..........

reflector)P(without 

reflector) (withP
BRP 

     

 

Where: P: output power, W 

3.RESULTS AND DISCUSSION 

3.1. Effect of incident solar radiation and temperature on short 

circuit current, open circuit voltage, output power and panel 

efficiency  

The performance parameters of the panel for different incident solar 

radiation and panel temperature as shown in Table 1 and Figure 4. The 

results indicated that short circuit current (ISC) and open circuit voltage 

(VOC) values were increased by increasing in the amount of incident solar 

radiation, increasing the total output.  ISC increased considerably by 

increasing in the incident solar radiation. Value of ISC for 911.39W/m
2
 

was about of 4.19 times the ISC for 200W/m
2
. But the value of VOC was 

comparatively very small as the VOC for 911.39W/m
2
 was only about of 

1.04 times the VOC for 200W/m
2
. Also, increasing panel temperature 

tended to decrease both of output power and panel efficiency. The short 

circuit current (ISC) and the open circuit voltage (Voc) values were 

decreased by increasing of the panel temperature. The values of short 

circuit current and open circuit voltage were decreased by about of   

0.58A and 0.97V when panel temperature increased from 27
o
C to 47

o
C, 

respectively. This led to reduce the generated electric power by the solar 

module. That emphasis the necessity of reducing the module surface 

temperature especially, in the hot climatic conditions in Egypt to obtain 

asatisfactory electric power using the solar modules techniques. On the 

other hand, the module efficiency was negatively affected by the panel 

temperature. Flat relationship between the module surface temperature 

and the module efficiency as observed. For a panel temperature increased 

by one celsius, aslight reduction in the solar module efficiency of 0.06% 
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was obtained . The reduction in the efficiency of the solar module was 

specified for the silicon type that the solar module was manufactured and 

fabricated. 

Table 1: The short circuit current and the open circuit voltage 

performance of the panel at different solar radiation for 

constant panel temperature of 30
o
C. 

 

Radiation, (W/m
2

 ISC, (A) VOC, (V) 

200 1.53 19.1 

314.29 2.4 19.5 

571.43 4.35 19.7 

730.85 5.22 19.9 

911.39 6.42 19.95 

 

Figure  4. Effect of different panel temperatures on output electric power 

and efficiency of the panel at constant solar radiation of 

557.14W/m
2
 

3.2 Effect of tilt angle and tracking system on the collected solar 

radiation and output electric power of the photovoltaic panel  

Figure 5, 6, 7 and 8 show that solar radiation increase along daytime 

from sunrise and reach to its maximum value at noon then it decrease 
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with sunset in both summer and winter. The output electric power 

(Poutput) had the same trend of solar radiation. Figure 5 shows the effect 

of tilt angle at fixed panel oriention (south along the day) in summer. 

Average solar radiation (R) and output electric power (Poutput) values on 

horizontal plane (tilt angle of the panel was zero⁰ ) were 514.81W/m
2
 and 

74.88W, respectively. At tilt angle equal to latitude angle (30⁰), the 

values of average solar radiation (R) and output electric power (Poutput) 

were 559.23W/m
2
 and 81.03W, respectively. At tilt angle 20⁰ (latitude 

angle-10⁰), the average solar radiation (R) and output electric power 

(Poutput) values were increasesd to 603.66W/m
2
 and 87.18W, respectively 

because the amount of perpendicularly incident radiation on the panel 

increased with changing tilt angle from 0⁰ to 30⁰ to 20⁰. Consequently, 

the output electric power increased with changing tilt angle. Figure 6 

shows the effect of sun tracking from east to west along daytime in 

summer. At constant tilt angle equal 30⁰ the average solar radiation (R) 

and output electric power (Poutput) values for tracking system were 

645.47W/m
2
 and 92.80W, respectively but these values were 

559.27W/m
2
, 81.03W with fixed system, respectively. Figure 7 shows 

the effect of tilt angle at fixed panel oriention (south along the day )in 

winter. The general trend of solar radiation and output power along 

daytime as the same as in summer but the difference was in the values. 

Average solar radiation (R) and output electric power (Poutput) values on 

horizontal plane (tilt angle of the panel was zero⁰ ) were 345.24W/m
2 

and 

59.51W, respectively. At tilt angle equal to latitude angle (30⁰), the 

values of average solar radiation (R) and output electric power (Poutput) 

were 442.460W/m
2 

and 75.140W, respectively. At tilt angle 50⁰, the 

average solar radiation (R) and output electric power (Poutput) increased to 

470.24W/m
2
 and 78.804W, respectively. Figure 8 shows the effect of 

tracking the sun from east to west along daytime in winter. the general 

trend of solar radiation and output power along daytime due to sun 

tracking is the same as in summer but the difference was in values. At 

constant tilt angle equal 30⁰ the average solar radiation (R) and output 

electric power (Poutput) values for tracking system were 473.21W/m
2
, 

79.878W, respectively but there values were 442.460W/m
2
, 75.140W 

with fixed system, respectively. Therefore, the suitable tilt angle in 

summer and winter is 20⁰ and 50⁰, respectively.   
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Figure 5. Effect of  daytime on  solar radiation and output electric power at 

different tilt angles (0⁰, 20⁰ and 30⁰) and fixed system toward south 

and sun tracking from east to west throughout the courses of days in 

summer, 2010. 

 

Figure 6. Effect of  daytime on  solar radiation and output electric power at 

different tilt angles (0⁰, 20⁰ and 30⁰) and  moved system by sun 

tracking device from east to west throughout the courses of days in 

summer, 2010 
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Figure 7. Effect of  daytime on  solar radiation and output electric power at different 

tilt angles (0⁰, 30⁰ and 50⁰) and fixed system toward south and sun tracking 

from east to west throughout the courses of days in winter, 2011. 

 

Figure 8. Effect of  daytime on  solar radiation and output electric power at different 

tilt angles (0⁰, 30⁰ and 50⁰) and  moved system by sun tracking device from 

east to west throughout the courses of days in winter, 2011. 
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obtained by using benefit ratio (BR). Which affected highly, changing of 

tilt angle or tracking sun? And which increased highly, the gain of 

collected radiation or the gain of output electric power? Figures 9 and 

10 show the effect of interaction between tilt angle and sun tracking on 

the benefit ratio of collected solar radiation (BRR) and output electric 

power (BRP). There are three different operations as follows: panel tilted 

at 20⁰ in summer and 50⁰ in winter with the panel sun tracking from east 

to west along daytime (operation1),  panel tilted at 30⁰ with the panel sun 

tracking from east to west along daytime (operation2) and panel tilted at 

20⁰ in summer and 50⁰ in winter with panel oriented toward south along 

daytime (operation3). The previous operations were compared with panel 

tilted at 30⁰ (latitude angle) and panel was oriented toward south along 

daytime.  

 
  

The benefit ratio of collected radiation (BRR) and output electric power 

(BRP) were 1.222 and 1.212 in summer, respectively but these values 

were 1.173 and 1.168 in winter, respectively at operation 1. The benefit 

ratio of collected radiation (BRR) and output electric power were 1.154 

and 1.145 in summer, respectively but these values 1.070 and 1.063 in 

winter, respectively at operation 2. The benefit ratio of collected 

radiation (BRR) and output electric power (BRP) were 1.079 and 1.076 

in summer, respectively but these values were 1.063 and 1.049 in winter 

1.00

1.05

1.10

1.15

1.20

1.25

1 2 3

B
R

R
an

d
  B

R
P

 

Operation 

BRR BRP

Figure 9. Effect of orientation and tilt 

angle on the benefit ratio of 

collected radiation and output 

electric power in summer 2010 

 Figure 10. Effect of orientation and tilt 

angle on the benefit ratio of 

collected radiation and output 

electric power in winter 2011 
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respectively at operation 3. Therefore, the maximum ratios were achieved 

by operation 1 at summer and winter. Also, the benefit ratio of collected 

radiation (BRR) is higher than the benefit ratio of output electric power 

(BRP) for all operations in summer and winter. 

3.3 Effect of solar radiation and stationary reflector on the panel 

efficiency  

The effect of solar radiation and reflector on the panel efficiency as 

divided into five groups according to different values of solar radiation 

(R) as shown in Figure 11. The reflector was tilted at 7⁰ and sun tracking 

system from east to west in winter. When the values of radiation were }R 

≥ 135.71{, there is no effect on efficiency.  

 
Figure 11: The effect of solar radiation and reflector on panel efficiency  

When the values of radiation were }364.28 ≥ R ≥ 657.14{, the average 

improvement efficiency was 4.735%. When the values of radiation were 

}664.29 ≥ R ≥ 782.86{, the average efficiency increased by 7.936%. 

When the value of radiation were }795.71 ≥ R ≥ 808.57{, the average 

improvement efficiency reached to 12.78%. Increasing the values of 

radiation were }811.43 ≥ R ≥ 1040{ lead to maximize the efficiency by 

23.84%. The panel efficiency improved by application of the reflector. 

Thus, the positive effect of solar radiation increasing on the panel 

efficiency was more than the negative effect due to increase in panel 

temperature. 

CONCLUSIONS 

It has been concluded that: 

 The PV efficiency was negatively affected by the panel temperature. 
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 The suitable tilt angle in summer and winter is 20⁰ and 50⁰, 

respectively.  

 Appllication of sun tracking system with changing tilt angle of the 

panel to 20⁰ in summer and 50⁰ in winter, the benefit ratio of 

collected radiation (BRR) and output electric power (BRP) increase 

to 1.222 and 1.212 in summer and 1.173 and 1.168 in winter, 

respectively. 

 Application of reflector, the output power and panel efficiency 

increase for the same panel area. 

 Sun tracking system achieved higher amount of collected solar 

radiation and output electric power than the fixed system in summer 

and winter. 

 The optimum tilt angles for using reflector with panel were 30⁰ for 

PV panel and 7⁰ for reflector. 
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 الولخص العربي

 تصنيع نظام تتبع شوطي وعاكص

  تحت الظروف الوصرية لكهروضىئيةليناضب الخلايا ا

 ***م.عبير وجذي زغلىل ,**حلوي.د هوذوح عباش أ ,*عكاشةعبذالعسيس هحوذ  د.

يًيض نهطالت انشًغيت ػهي يذاس انؼاو َظشا نٕلٕػٓا في انًُاطك شبت  حًخهك يصش ٔضغ

حى حصًيى َظاو حخبغ أ حٕجيّ ٔػاكظ نهشًظ بمغى انُٓذعت انضساػيت، كهيت  الاعخٕائيت.

انضساػت، جايؼت كفشانشيخ. ٔحى حُفيز انخجاسب بًشكض ييكُت الأسص بًيج انذيبت ، يحافظت 

ٔنزنك كاَج الأْذاف   لاخخباس ٔحميى انًُٕرج. 0200ٔشخاء  0202 كفشانشيخ خلال صيف

َظاو حخبغ أ حٕجيّ نهخلايا انضٕئيت افميا ٔساعيا يغ احجاِ انشًظ انذساعت حصًيى  نٓزِانشئيغيت 

 -0 -انؼٕايم الاحيت: حأثيشٔلذ حى دساعت  ٔػاكظ شًغي نهخلايا ححج ظشٔف حشغيم يخخهفت.

صأيت ييم انخلايا  -3الاشؼاع انشًغي انيٕيي  -0 صيفا" ٔشخاء" دسجت حشاسة انخلايا

حٕجيّ انخلايا انضٕئيت )احجاِ انجُٕب  -4اء". ( شخ⁰2،⁰32،⁰52( صيفا ٔ)⁰2،⁰02،⁰32)

في فصم  اعخخذاو انؼاكظ انشًغي-5غشب( طٕال انيٕو( ٔ)حخبغ انشًظ يٍ انششق اني ان

 -يا يهي: إني. ٔأشاسث انُخائج انشخاء

  اَخفاض كم يٍ انمذسة انُاحجت يٍ انخلايا انضٕئيت ٔانكفاءة بضيادة دسجت انحشاسة

 ٔثباث الاشؼاع انشًغي.

 ٍٔاث/ 900.39اني  022 بضيادة الاشؼاع انشًغي ي
0و

يضداد كم يٍ انمذسة انُاحجت  

دسجت  32% ػهي انخٕاني ػُذ دسجت حشاسة 1.90ٔ  11.07ٔانكفاءة بُغبت 

 عيهيضيٕط.

  ححمك افضم أداء نهخلايا انكٓشٔضٕئيت ػُذ حخبغ انشًظ يٍ انششق نهغشب بضأيت

 .ححج ظشٔف انخجشبت في فصم انشخاء ⁰52في انصيف ، ⁰02ييم 

 انُاحجت ٔكفاءة انخلايا انكٓشٔضٕئيت  نمذسةكاَج ليى الاشؼاع انشًغي انيٕيي ٔا

ٔاث/و  673.00)
0

 507.75)ٔ %( في فصم انصيف  9.69ٔاث ، 97.07، 

ٔاث/و
0
 %( في فصم انشخاء ػهي انخٕاني.00.61ٔاث،  71.13،  

  ٍانخلايا انكٓشٔضٕئيت َخيجت حخبغ كاٌ يؼذل الاعخفادة يٍ الاشؼاع انشًغي ٔانمذسة ي

ٔأيضا يؼذل الاعخفادة يٍ الاشؼاع  انشًظ اكبش يُٓا في حانت حغيش صٔايا ييم انخلايا.

 انشًغي اكبش يٍ يؼذل الاعخفادة يٍ انمذسة انُاحجت يٍ انخلايا انضٕئيت.

 .ححغٍ أداء انخلايا انكٓشٔضٕئيت باعخخذاو انؼاكظ انشًغي 

________________________ 
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 .هصر -جاهعة كفرالشيخ -السراعةكلية  -قطن الهنذضة السراعية -** أضتار الهنذضة السراعية الوتفرغ
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