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SOLAR ENERGY FLUX INCIDENT ON A 
HORIZONTAL PLANE OF DIFFERENT EGYPTIAN 

LOCATIONS FOR AGRICULTURAL APPLICATIONS 
El-Sayed, A. S. 1; Hassanain, A. A. 2; Mosalhi, S. M. 3 

ABSTRACT 
Solar energy is the main parameter, which affects both photovoltaic 
pumps and crops evapo-transpiration. A micro computer program 
derived for mapping the incident solar energy over Egypt (22o to 32o and 
24o to 38o latitude and longitude angles, respectively). The derived model 
transforms the solar altitude angle to solar radiation intensity, which 
integrated between sunrise and sunset to compute the incident solar 
energy. The model was validated with the measured solar energy with 
average deviation percent of -3.5 %. The daily average solar energy flux 
incident on a horizontal plane was 5.72 kWh/m2/day. 
Keywords: Solar energy over Egypt, Agricultural application 

INTRODUCTION 
gypt is one of the richest countries that receives an abundant 
amount of solar energy, varies between 7 and 8 kWh/m2/day 
(Moharm, 1993). Egypt receives abundant amount of solar 

radiation approximately 5.77 kWh/m2/day (20.772 MJ/m2/day). Solar 
energy determination either measured by weather stations or predicted is 
required for the agricultural purposes such as solar water pumping, crop 
evapo-transpiration, and the region suits cultivate a specified crop. The 
solar constant ranged between 1367 Wm-2 and 1413 Wm-2 (ASHRAE, 
2005).  
Monthly horizontal solar radiation for the Arab region based on the 
measurements obtained from the ground stations over Cairo were 2.80, 
4.00, 5.30, 6.30, 7.50, 7.80, 7.60, 6.94, 5.80, 4.70, 3.30, and 2.60 
kWh/m2/day form January till December, respectively. Whereas, the 
monthly averages solar energy flux incident on a horizontal plane over 
some Egyptian cities such as Aswan, Bahtim, Giza, and Mersa-Matruh 
were 6.87, 5.63, 5.53, and 5.45 kWh/m2/day (Sayigh, 1987).  
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Solar energy on a horizontal plane over Egypt was analyzed by Shaltout 
and Hassen, (1990) using satellite images. The satellite images verified 
by that obtained from 10 meteorological ground stations. They found 
that, the amount of the direct solar radiation over the north to south Egypt 
varied from 3.7 to 5 kWh/m2/day in winter and it has a narrow range of 8 
to 8.3 kWh/m2/day in summer. Also, the diffuse radiation decreases from 
the north to the south Egypt, and the tabulated data indicted that, the 
daily average solar radiation was 7.05 kWh/m2/day. Based on the 
measurement of eleven ground weather stations, the daily average solar 
radiation flux incident on a horizontal surface over Egypt is 5.29 
kWh/m2/day; with an average sunshine duration of 9.95 h (ESRA, 1991).  
The objective of this study is to develop a simple micro-computer 
program written by MatLab, which derived to determine the solar energy 
over different Egyptian locations for the agriculture applications. 

MATERIALS AND METHODOLOGY 
A computer model has been developed and functioned for computing the 
solar energy flux incident on a horizontal plane of different Egyptian 
locations based on MatLab program. The obtained results of solar energy 
flux incident on different locations of Egypt were validated with the 
measured. It was also used to determine the sunrise and sunset times and 
correlated the solar altitude angle with the total amount of solar radiation 
flux incident. The correlation process is repeated for each day and 
latitude over Egypt to assess the solar energy flux incident over Egypt.  
The solar energy flux incident on a horizontal plane simplified flowchart 
for MaLab program showed in Fig. (1). 

Program Algorithm 
• The starting day and the end day were fed to the developed 

mathematical model from 1 (1st January) to 366 (31st December), 
(366 days), also, the lower and higher latitude (degree). Based on the 
input parameters, the program calculated the required output. 

• The solar declination angle (δ) as a function of the day number (nd), 
was computed from the following equation (ASHRAE, 2005): 

  
)1()]284(9863.0sin[45.23 nd+=δ
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• Sunset hour angle (ωs) which is a function of latitude angle (φ) and 
declination angle (δ) it was computed from equations (2): 

 
• The maximum number of bright sunshine hours (N) can be estimated 

from the following equation: 

• The sun rise time was computed using the following equation: 

 
• The sunrise angle was computed using the following equation: 

 
• The sunset time equals, the day light hour (N) plus the sunrise time. 
• Solar altitude angle (α) is a function of solar declination angle (δ), 

latitude angle (φ), and solar hour angle (ω) it was computed as: 

MatLab program was run to compute the solar altitude angle using 
equation (6) from sunrise to sunset time. In this model a constant to 
transform solar altitude angle into solar radiation (Wm-2) is executed. The 
following sequence of steps is used to extract the referred constant: 
The solar altitude angles were computed with one year duration for 
location where the Met-One weather station latitude of 31.45o and 
longitude of 33.0o. This step requires adjusting the code of the developed 
Micro-Solar program in a convenient way. In the same location, the Met-
One station records hourly incident solar radiation on a horizontal plane. 
The result from this step is shown in Fig. (2) for the solar altitude angle 
(x-axis) and the solar radiation (y-axis), under clear and unclear sky 
conditions. The proposed model estimates solar energy for the clear day's 
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conditions, Fig. (2) can not be used to estimate solar radiation, where the 
coefficient of determination is 0.6. 
Data of the clear hours were selected from the previous figure for further 
manipulation. The clear hour is the hour in which the quotient of the 
terrestrial radiation on a horizontal plane (from station readings) by the 
extraterrestrial radiation (from equation 7) (i.e. clearness index) ≥ 0.80. 
The extraterrestrial radiation (Go) is a function of solar constant (Gsc = 
1367 Wm-2), day number (nd) is given by equation (7). Again, the code 
of Micro-Solar program was adjusted in a convenient way to calculate 
the extraterrestrial radiation on a horizontal plane.   

Fig. (3) shows the solar altitude angles against the measured solar 
radiation on a horizontal plane by weather station (for clear sky hours). 
For programming simplicity, data in Fig. (3) was expressed as linear 
regression with determination coefficient of 0.96. The inclination of the 
best fitting line in the figure (i.e. 13.23) is the extracted coefficient, 
which can multiplied by solar altitude angle to obtain horizontal solar 
radiation in clear sky conditions in unit of Wm-2. The computed data 
were flowed as represented in the following flowchart.  
Solar radiation on tilted plane 
Hourly clearness index, kT is the ratio of solar radiation on a horizontal 
plane that is predicted by the model (G) to extraterrestrial radiation on a 
horizontal plane (Go), it was computed according to (Duffie and 
Beckman, 1991): 

Ratio of diffuse (Gd) to the total solar radiation (G) in a horizontal plane 
is computed using the equation of (Erbs et al. 1982) as: 
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Under clear sky conditions, the third statement of equation (10) was used 
i.e. ratio of diffuse to total solar radiation on a horizontal plane is 0.165.    
The tilt factor (Rb) can be computed from the following equation (Duffie 
and Beckman, 1991): 

Where: (Z) is zenith angle, which equals (90-solar altitude angle). (θ) is 
the incidence angle; it is calculated according to the tracking and 
orientation technique (Duffie and Beckman, 1991): 
The isotropic diffuse model of Liu and Jordan, (1963) was used to 
calculate total solar radiation on a tilted and oriented plane (Gt) as 
follows: 

Where: (Gb) is beam solar radiation on a horizontal surface, (β) is the tilt 
angle of the surface plane, (ρ) is the ground reflectance. The terms of 
equation (11) are beam, sky diffuse, and ground reflected solar radiation 
flux incident on the tilted plane, respectively. 
Model Validation: 
To validate the computation model, a comparison was carried out 
between the computed solar energy against that obtained from 
measurements campaigns of eleven ground meteorological stations (for 
the agricultural purposes). These stations were selected to cover most 
locations of Egypt as shown in table (1).  
Table (1): The selected meteorological stations to validate the 
computer model (ESRA, 1991) 

Stations Lat (φ),oN Long (Lloc), oE Elev (sl), m Climatic district 
Aswan 23.96 32.78 200.0 Upper Egypt 
Kharga 25.45 30.53 77.8 Western Desert 
Assiut 27.05 31.01 234.7 Middle Egypt 
Hurghada 27.28 33.76 1.0 Red Sea 
Abu Rudeis 28.88 33.18 18.9 Sinai 
Cairo 30.08 31.28 34.4 Cairo 
Bahteem 30.13 31.25 16.6 Nile Delta 
El-Tahrir 30.65 30.7 15.6 Nile Delta 
El-Arish 31.26 33.75 15.0 Mediterranean 
Mersa Matruh 31.33 27.21 38.3 Mediterranean 
Sidi Barani 31.63 25.46 21.0 Mediterranean 
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Fig. (1): Simplified flowchart for MatLab program 
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Fig. (2): Solar radiation measured on a 
horizontal plan versus solar altitude angle
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Fig. (3): Solar radiation measured on a horizontal 
plane under clear sky conditions versus solar altitude 
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Agricultural Application 
Incident solar energy on the PV-module or arrays eliminates the 
generated electricity which affects the photovoltaic pumps. The pumped 
water may be used to provide the irrigation water for different 
agricultural crops. Photovoltaic pumping system composes solar cells, 
which operating electric motors coupled with hydraulic pumps for 
supplying water demands as a function of crop evapo-transpiration. The 
photovoltaic pumps output (in terms of water flow rate and head) and 
crop evapo-transpiration are mainly directly proportional to solar energy, 
which is modeled herein. 
Ambient air temperature inversely affects photovoltaic pumps outputs 
and directly crop evapo-transpiration. Wind speed directly affects 
photovoltaic pumps outputs (due to its cooling effect on solar panel) and 
crop evapo-transpiration. Relative humidity inversely affects crop evapo-
transpiration. 
The Penman-Monteith equation requires four climatic parameters to 
model crop evapo-transpiration, such as solar energy, ambient 
temperature, wind speed and relative humidity. Penman-Monteith 
equation calculates the crop evapo-transpiration (ETc) based on climatic 
parameters using (initial, mid season, and lat season) crop coefficients 
(Allen et al., 1998). 
Measurements 
Met-One weather station was utilized in this study, the station has data 
storage (model 455A) with internal memory sufficient to collect data for 
a period of 200 days when data is recorded on an hour basis, or can be 
read or monitored on site. The system was pre-tested and certified before 
installation. It composed sensors for measuring: 
The model 096-1 solar radiation sensor is an accurate and sensitive 
sensor using a LI-COR sensing element and designed for the continuous 
measurement of solar radiation. The sensor calibrated against an Eppley 
pyranometer by the manufacture under natural daylight clear conditions 
with an absolute accuracy of ± 5 % and response time of 10 
microseconds. 
Thermocouple (Model 060A-2) was used for air temperature 
measurements within range between -50 to +50oC with an accuracy of ± 
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0.1oC. The sensor is always mounted in a radiation shield to minimize 
errors caused by solar thermal radiation heating. Sensor produces 
resistance change inversely proportional to temperature. 
Wind sensor (Model 034A) was used for wind speed measurements 
within range between 0 to 49.1 m/s with accuracy of 0.11 m/s at wind 
speed less than 10.14 m/s and ± 1.1 % at wind speed greater than 10.14 m/s.  
Relative humidity sensor (Model 083D) was used for relative humidity 
measurements within range between 0 to 100 % with accuracy of ± 2 % 
at relative humidity between 10-100 %.  
Rainfall sensor (Model 370C/372C) was used for rainfall measurements 
with accuracy of ± 1 % at rainfall between 1-3 inches at 70oF. 
Evaporation gauge sensor (Model 255-100 analog output) was used for 
evaporation measurements. The evaporation gauge provides an electrical 
signal proportional to the water level inside evaporation pan.  

RESULTS AND DISCUSSIONS 
The output resulted from the computation model is shown in Fig. (4) for 
the solar energy over Egypt between latitudes of 22o (south) and 32o 
(north). Solar energy over latitude of 22o was found to be higher than that 
over the latitude of 32o. The average solar energy all the year round over 
the two latitudes was 6.00 and 5.41 kWh/m2/day, respectively. Minimum 
solar energy of 3.67 kWh/m2/day in January, 1 over latitude of 22o was 
computed. This energy was increased to reach its maximum of 7.31 
kWh/m2/day in (June, 21), and then decreased to the end of the year till 
reach 3.60 kWh/m2/day. This refers to the high solar radiation intensity 
and day length in summer months than in winter months. Meanwhile for 
latitude of 32o, and for the same period respectively the corresponded 
amounts were 2.69, 7.45, 2.69 kWh/m2/day. The same trend was 
observed for all latitudes between 22o to 32o as shown in Fig. (4). Wide 
variation of solar energy over Egypt from south to north at the beginning 
of the first month of the year as shown in Fig. (4). This difference tends 
to be reduced in and around the mid of the year (June, July, and August). 
Again this difference increase till the end of the year. The incident solar 
energy is a function of latitude and day number within the year (nd). A 
gradient of solar energy from the south to the north of Egypt observed in 
Fig. (5). Average solar energy was found to be 6.00, 5.95, 5.90, 5.84, 
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5.79, 5.73, 5.67, 5.60, 5.54, 5.48, and 5.41 kWh/m2/day consequently for 
latitude from 22o to 32o, respectively. Difference between yearly average 
solar energy over southern and northern locations of Egypt was found to 
be 10.9 %. The daily average solar energy over Egypt (the average of the 
previous solar energies) was 5.7246 kWh/m2/day. This average 
encourages the different applications in the agricultural sector of Egypt. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (5): Daily average solar energy for different latitudes over Egypt 

Fig. (4): Daily average solar energy over Egypt
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Model Validation: 
Measured (Mes.) and predicted (Pre.) daily average solar energy of the 
ground station and the output from the developed computer program are 
summarized and listed in table (2). 

Table (2): Measured and predicted solar energy over Egypt (ESRA, 1991): 

Stations 
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Mes. 6.70 6.30 5.99 6.38 6.18 5.21 5.51 5.36 5.53 5.60 5.50 

Pre. 5.91 5.82 5.73 5.72 5.62 5.54 5.54 5.50 5.46 5.46 5.44 

 
Fig. (6) illustrates average solar energy for the measured and predicted 
and percentage deviation between them for each ground station. The 
ground stations were arranged on the figure from the lower latitude 
(Egypt south) to higher latitude (Egypt north), the deviation of the 
predicted from the measured was calculated using the following 
equation: 

It was observed from the figure: 
Maximum solar energy for measured and predicted was 6.7 and 5.9 
kWh/m2/day over Aswan, respectively. Meanwhile, the minimum 
measured solar energy was 5.21 over Cairo; [this might be referred to the 
low clearness index]. 

The daily average measured and predicted solar energy were 5.84 and 
5.61 kWh/m2/day, respectively for the eleven selected locations. The 
deviation between measured and predicted was underestimating of -3.5 
%. Maximum deviation was found to be -11.8 % in Aswan. 

The computation model was found well estimating the solar energy either 
for the southern part of Egypt (with deviation of -8.6 %) or the northern 
of Egypt (with deviation of -0.33 %).   
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The average solar energy over Cairo for the all months around the year 
from January till December were predicted over Cairo using Micro-Solar 
program and was validated and compared against that collected data for 
long term (nearly 15 years)  by Sayigh, (1987) . Fig. (7) shows linear 
regression between the proposed model and ground station 
measurements. The coefficient of determination, the slop of best fitting 
line, the intersection with y-axis were found to be 0.97, 0.95, and 0.36 
which encourages using the proposed model.   
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. (6): Validation between the model and the ground stations, 
and the contrast deviation, %
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The hourly reference evapo-transpiration (ETo) for one year duration was 
computed for the following two cases: 
Case 1: Using four climatic parameters (solar energy, ambient 
temperature, wind speed, and relative humidity) measured by Met-One 
weather station, which located in BerAlabed (33.0o longitude and 31.45o 
latitude), Egypt.  
Case 2: The hourly reference evapo-transpiration for the same site was 
computed using the same measured of the three climatic parameters 
(ambient temperature, wind speed, and relative humidity) beside the 
predicted solar energy resulted from the proposed model.  
The two previous cases are daily plotted in Fig. (8). Coefficient of 
determination between the two previous cases was found to be 0.94, 
which refers that the proposed model can be efficiently used in 
approximating crop evapo-transpiration. 
   
 
 
 
 
 
 
 
 
 
 
 
 
   
 
  

 
 
 
 

 

Fig. (8): Daily reference evapotranspiration (ETo) based on the 
computation model and measured solar energy
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Harmony between predicted solar energy and crop evapo-transpiration 
throughout four crop life was addressed as shown in Fig. (9). It shows the 
daily average solar energy computed by the model over Ber-Alabed 
(33.0o long. and 31.45o lat.), Egypt beside the measured ambient 
temperature, wind speed, and relative humidity by Met-One weather 
station were used to compute the evapo-transpiration for the four crops 
cotton, maize, wheat, and peas. Crop evapo-transpiration was calculated 
using the Penman-Monteith equation (Allen et al., 1998). 

 
 
  
 
 
 
  
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Figure (9): Relationship between predicted solar energy 
and crops evapotranspiratio (ETo)
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The harmony between the predicted solar energy i.e. pump flow rate to 
substitute the crop evapo-transpiration and crop evapo-transpiration was 
studied and plotted in Fig. (9). This criterion was achieved for cotton 
crop, where the coefficient of determination between the predicted solar 
energy and cotton evapotranspiration was computed to be 0.78. Based on 
the harmony of the evapotranspiration and the available amount of solar 
energy to irrigate maize and wheat as it is shown in Fig. (9); the study 
found that, the photovoltaic pumps can be used beside other source to 
supply irrigation water, where their coefficients of determination were 
found to be 0.6 and 0.48, respectively.  Meanwhile, photovoltaic pump 
was not convenient to irrigate peas, where coefficient of determination 
between solar energy and peas evapo-transpiration was 0.09.     

CONCLUSION 
The obtained results of this study support the following conclusions: 
1. Daily average solar energy flux incident on a horizontal plane over 

Egypt (between 22o to 32o lat.N. and 24o to 38o long.E.) was 
computed by the developed program and found to be 5.72 
kWh/m2/day. 

2. The predicted solar radiation (Wm-2) from the solar altitude angle (α) 
can be computed  according to the following equation: 

 
3. The program was well estimated the solar energy over Egypt, 

whereas average deviation between the program and the measured 
data was -3.5 %. 

4. Incident solar energy over Egypt was decreased from south (with an 
average of 6.00 kWh/m2/day) to the north (with an average of 5.41 
kWh/m2/day). 

5. The amount of incident solar energy over Egypt varies according to 
the season, for summer months it was 7.31 kWh/m2/day at latitude of 
22o N, while it was 3.67 kWh/m2/day for the same latitude in the 
winter months.  

6. Variation in the amount of solar energy between the south and north 
locations of Egypt is higher in winter months than in summer months. 

)13(17.22723.13 += αG
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7. Coefficient of determination (R2) was found to be 0.94 for the 
reference evapo-transpiration determined (according to Penman-
Monteith equation) using the predicted solar energy (compute from 
the program) and measured. .  

8. The evapo-transpiration for some crops was studied according to the 
predicted solar energy from the program, the harmony between the 
crops evapo-transpiration and incident solar energy was studied. 
Cotton can be irrigated by photovoltaic pump (R2=0.78), while this 
harmony was very low for peas (R2=0.09).    

REFERENCES 
Allen R.G.; L.S. Pereira; D. Raes and M. Smith (1998). Crop evapo-

transpiration-guidelines for computing crop water requirements. 
FAO irrigation and drainage paper 56. Report of food and 
agriculture organization of the United Nations, Rome. 

ASHRAE (2005). Handbook of Fundamentals "American Society of 
Heating, Refrigerating and Air Conditioning Engineers". New 
York, USA. 

Duffie, J. A. and W. A. Beckman, (1991). Solar Engineering of 
Thermal Process Wiley – Interscine. New York, USA: 3-44.  

Erbs, D. G.; S. A. Klein and W. A. Beckman (1983). Estimation of 
degree-days and ambient temperature bin data from monthly 
average temperature. ASHRAE J. 25(6): 60-5. 

ESRA (Egyptian solar radiation atlas) (1991). New and Renewable 
Energy Authority, Cairo, Egypt.  

Liu, B. Y. H. and J. R. C. Jordan (1963). The long-tern performance 
average performance of flat plat solar energy collectors. Solar 
Energy J., 7(-): 53. 

Moharm, A. E. A. (1993). Utilization of solar energy for irrigation and 
its evaluation. (MSc) Thesis in Agicltural Eng. Dep, Fac. of Agr., 
Ain Shams U., Egypt.  

Sayigh, A. A. M. (1987). The ISO-radiation map for the Arab region. 
Solar & Wind Tec. J., 4(2): 163-177. 



BIOLOGICAL ENGINEERING 

The 17th. Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 2102 - 

Shaltout, M. A. and A. H. Hassen (1990). Solar energy distribution 
over Egypt using cloudiness from Metosat photos. Solar Energy J., 
45(6): 345-351. 

  الملخص العربي

  التنبؤ بالطاقة الشمسية الساقطة على مصر للأغراض الزراعية

  *السيد محمد مصيلحى.  و م*أحمد على حسانين. د, *عادل سالم السيد. د.أ
 و موعѧد الزراعѧة   البيئѧي  و المѧائي  جمهورية مصر العربية ولمعرفة الاحتيѧاج        في الزراعينظرا للتوسع   

حيѧث تѧم    . ناطق تطلب الحاجة لرسم خريطة للطاقة الساقطة علѧى مѧصر           هذه الم  فيللمحاصيل المنزرعة   
 و ذلك لحساب آمية الطاقة الشمѧسية الѧساقطة علѧى منѧاطق مѧصر        MatLab بلغة   حاسوبيعمل برنامج   

المختلفѧѧة و ذلѧѧك للتنبѧѧؤ بكميѧѧات الطاقѧѧة الشمѧѧسية بѧѧاختلاف زوايѧѧا خѧѧط العѧѧرض ومѧѧدى اسѧѧتخداماتها فѧѧي        
 الطاقѧѧة الѧѧساقطة و التѧѧي سѧѧتؤدى لاخѧѧتلاف المواسѧѧم الزراعيѧѧة فѧѧي منѧѧاطق  العمليѧѧات الزراعيѧѧة و اخѧѧتلاف

بخѧر  -التوسع الزراعي و آذا حساب آميات الطاقة اللازمة لѧضخ الميѧاه بالطاقѧة الشمѧسية لتعѧويض النѧتح                  
و البرنامج المشار إلية يحتاج إلى مجموعة من المدخلات البسيطة و هي يوم البداية          . للمحاصيل المختلفة 

 البرنامج بقياس آمية الطاقѧة الѧساقطة علѧى منѧاطق        اختباروقد تم   . المطلوبالنهاية و خط العرض     و يوم   
  .مختلفة من الجمهورية

  :و يمكن تلخيص ما توصل إلية البحث في
  .يوم/2م/ آيلو وات س 5.72متوسط الطاقة الشمسية الساقطة على مصر وجدت أنها تساوى  .1
بالѧѧدرجات إلѧѧى شѧѧدة الإشѧѧعاع  ) α(توصѧѧلت الدراسѧѧة لمعادلѧѧة لتحويѧѧل قيمѧѧة زاويѧѧة ارتفѧѧاع الѧѧشمس     .2

  . طبقا للمعادلة2م/بوحدات وات) G(الشمسي على السطح الأفقي 

 بتقدير آمية الطاقة الشمسية على مصر بѧصوره جيѧدة حيѧث آѧان متوسѧط         إليهيقوم البرنامج المشار     .3
  %.3.5-نه و بين المقاسة بواسطة محطات الأرصاد الأرضية الانحرافات بين القيم المحسوبة م

وجدت الدراسة أن آمية الطاقة الشمسية الساقطة على مصر تتدرج مѧن الجنѧوب إلѧى الѧشمال حيѧث                    .4
يوم في الجزء الجنوبي بينما وجدت للجزء الѧشمالي مѧن   /2م/ آيلو وات س  6.00وجد أن متوسطها    

 . بزيادة خط العرض إلى الشمال.يوم/2م/ آيلو وات س 5.41مصر بمتوسط 
أظهر البرنѧامج الحاسѧوبى أن آميѧة الطاقѧة الشمѧسية الѧساقطة علѧى مѧصر تختلѧف بѧإختلاف الموسѧم               .5

 من الصيف الى الشتاء لنفس خط العѧرض، حيѧث تѧستقبل مѧصر آميѧة طاقѧة شمѧسية أآبѧر                       الزراعي
يوم لخѧط  /2م/وات س    آيلو   7.31: في فصل الصيف قدرت آمية الطاقة الشمسية على سبيل المثال         

 آيلѧѧو وات س 3.67 فѧѧصل الѧѧشتاء وجѧѧدت فѧѧي فѧѧصل الѧѧصيف بينمѧѧا فѧѧي درجѧѧة شѧѧمال 22عѧѧرض 
 .يوم/2م/

  جامعة قناة السويس– آلية الزراعة –قسم الهندسة الزراعية *
  

17.22723.13 += αG
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 و يرجع ذلك لزيادة شدة الإشعاع الشمسي و طول سѧاعات النهѧار فѧي فѧصل الѧصيف عنѧه                      .6
 . في فصل الشتاء

7. ѧѧدت الدراسѧѧزء   وجѧѧين الجѧѧا بѧѧصر مѧѧى مѧѧساقطة علѧѧسية الѧѧة الشمѧѧة الطاقѧѧي آميѧѧرق فѧѧة أن الف
 .الشمالي و الجنوبي في فصل الشتاء أآبر منه في فصل الصيف

باسѧѧتخدام قѧѧيم الطاقѧѧة ) باسѧѧتخدام معادلѧѧة بنمѧѧان مونتيѧѧث(عنѧѧد حѧѧساب النѧѧتح بخѧѧر المرجعѧѧي  .8
عامѧل التحديѧد آѧان بقيمѧة        الشمسية المحسوبة مѧن البرنѧامج وتلѧك القѧيم المقاسѧة فعليѧا، فѧأن م                

0.94. 
بخѧر لمجموعѧة مѧن المحاصѧيل بنѧاءا علѧى قѧيم الإشѧعاع المحѧسوبة مѧن               -تم دراسة قѧيم النѧتح      .9

حيث توصѧلت الدراسѧة     . البرنامج، و تم دراسة التوافق بينها و بين الطاقة الشمسية الساقطة          
مѧل التحديѧد    حيѧث آѧان معا    ( لري نبات القطن     ةإلى أمكانية استخدام المضخات الكهروشمسي    

 .0.09 لنبات مثل البسلة حيث آان ابينما آان هذا التوافق ضعيف) 0.78
  


