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ABSTRACT. Measurements of the hourly global solar radiation(G) and its diffuse component(D) on a horizontal
surface have been carried out in Qena/Upper Egypt in the period from June 1992 1o May 1993. The corresponding diffuse
fraction (D/G) is calculated. Diumnal variations of the results have been studied. Also the daily totals values and its monthly
and seasonal averages as well as their frequency distributions were computed and examined. The seasonal and climatic effects
on the fluctuation of the results are discussed. These effects were particularly large during Spring and Winter months owing
to the high fluctuation of the atmospheric conditions with respect to amount of clouds, water content, and concentration of
acrosol dust particles. The influence of clouds is also considered. It shows small effect on the results (4.5%), reflecting the low
degree of cloudiness in the study region. The relation between the diffuse fraction and clearness index (G/G.,) shows that most
of the points lies in the region of the high availability of the incoming solar radiation. In general the study shows clearly the
abundance of solar energy in Qena/Egypt, and the suitability of its climate for using it in different applications.

Key words — Solar radiation, Global solar radiation. Diffuse solar radiation, Diffuse fraction of global solar radiation,
Cleamess index, Radiation.

(Atwater and Ball 1981, Moriarity 1991, Kuye and Jagtap

Over the past years, a decided need for additional solar
radiation data has developed due to the increased use of solar
energy systems. The detailed knowledge of these data is of
fundamental importance to the successful development of
projects for the practical utilization of solar energy by agri-
culturists, hydrologists, architects and engineers, partigu-
larly in the region where sunshine is available in abundance

(59)

1992, Neuwirth 1980).

Qena is a city of abundant solar radiation for the most
months of the year. Accordingly, it would appear to be well
suited for the use of solar energy in different application
owing to the interest, which this form of clean energy
presents to solve the energy demand problems. In this con-
cern we attempt, in this study, to provide solar radiation
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TABLE 1
Results of mean values of hourly and daily global solar radiation (MJ m'z) in all (Ga) and cloudless (Gc¢)
sky conditions in the period from June 1992 to May 1993

Global LAT )

Period Solar Sr-5 56 67 7-8 89 910 10-11 11-12 12-13 13-i4 14-15 15-16 16-17 17-18 18-Ss Dally
radiation totals

Jun '92 Ga 00! 031 102 185 258 318 359 375 366 334 279 208 126 049 004 29.96
Ge 001 031 103 18 259 319 360 375 367 335 280 209 127 049 004 30.09

July Ga 000 028 100 18! 253 312 354 374 366 333 276 203 123 045 003 29.56
Ge 000 028 100 181 253 312 354 374 366 334 277 204 125 046 0.03 29.59

Aug Ga 0.16 082 164 238 295 343 362 352 317 259 184 101 028 001 27.31
Ge 016 082 164 239 29 343 363 353 316 258 184 100 028 00! 27.38

Sep Ga 006 060 146 222 280 324 342 333 296 233 1.56 074 0.11 2474
Ge 006 060 143 222 280 324 342 333 297 1233 1.56 075 0.11 2483

Oct Ga 001 032 108 183 247 288 303 295 256 196 119 044 002 20.75
Ge 00l 032 109 183 247 289 305 297 259 1% .21 044 002 2098

Nov Ga 013 070 136 201 242 258 246 214 157 09 024 000 16.52
Ge 012 068 140 199 240 258 250 217 161 093 024 000 16.78

Dec Ga 003 045 110 165 207 234 226 201 155 095 028 001 14.68
Ge 003 043 108 168 212 236 234 208 158 093 026 0Gi 15.05

Jan’ 93 Ga 000 021 084 149 200 233 239 226 179 125 059 010 15:25
Ge 000 022 089 160 215 248 259 246 207 1.45 G.71 012 16.69

Feb Ga 001 035 L1118 241 279 29} 277 2.1 1.73 .00 0.28 0.00 19.51
Ge 001 036 .12 182 241 285 29 218 237 1.717 103 228 000 2029

Mar Ga 000 009 064 144 221 282 318 329 309 266 200 1.19 040 00! 23.09
Ge 000 010 070 149 228 28 320 333 314 2065 1.94 1.14 039 0.01 23.52

Apr Ga 003 039 1.4 183 26! 316 343 349 1310 267 200 1.25 047 003 25.60
Ge 003 039 122 202 271 328 348 360 2335 284 2.09 1.8 051 0.03 27.22

May Ga 042 nN72 154 222 279 325 355 381 306 2SS 194 1.18 067 004 26.90
Ge 012 073 158 230 285 344 372 377 352 297 2125 138 055 004 2924

Suinmer Ga 001 020 086 168 240 298 34] 360 351 317 259 1.85 105 033 0.03 27.61
Ge 0.04 .20 0B7 169 244 301 346 365 356 32 2.63 1.89 1.08 033 0.03 28.17

Autumn Ga 001 022 086 1.5 219 26l 278 267 235 1.77 1.07 036 003 18.40
Ge 001 022 087 159 221 263 280 273 239 I 82 1.09 037 003 19.17

Winter Ga 002 032 103 170 224 261 269 25] 206 149 077 019 0.01 17.37
Ge 002 033 106 176 234 270 284 271 220 163 087 019 00l 18.85

Spring Ga 001 0l4 063 142 213 279 329 3154 354 315 269 202 1.24 048 0.03 27.18
Ge 001 014 064 149 225 289 34l 3631 365 338 286 43 132 051 0.03 28.71

Year Ga 001 045 048 109 18 243 2% 3414 311 280 228 161 0B85 028 0.03 2264
Ge 003 043 049 11 18 250 2098 320 319 el 38 166 089 028 Q.03 2372

irformation for the designers of solar energy utilization 2. General climate of Qena/Egypt
systems under the climatic conditions of Qena/Egypt. which

_ Qena is located in the soutn part of Egypt at latitude
may also serve as a useful reference for system designers

26°10° N, longitude 32° 43" E and elevation 78in above sea

and users in other regions, with similar climatic conditions. . :
. axh g level. Climatically (Meteorological Department of A.R.

In this work we study the characteristics of global solar
radiation(G), its diffused component (D) and its correspond-
ing fraction(X) in different sky conditions.

Egypt), Qena lies within the subtropical region and charac-
terized with hot, dry and calm weather. Also it is almost
cloudless (R0% of the days of the year is cloudless) and
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Fig.1 Variauon of daily totals of global solar radiation (June 1992-May 1993)

rainless. Average temperature ranges from 14.5°C in Janu-
ary to 34°C in July. Average relative humidity varies from
21% in May and June to 48% in December. Significant
percentage of winds is calm (252%). The prevailing winds
are W, NW, SW and N with percentages of occurrence as
15.9%, 11.83%. 11.7% and 4.52% respectively. The major
wind ranges from 2 to 3.1 m s’ and the least occurrence
speed ranges from 8.8 to 10.8 m s,

3. Measurements

Measurements of global (G) and diffuse (D) solar
radiation have been done hourly from sunrise to sunset in
the period from June 1992 to May 1993. using two Kipp
and Zonen pyranometers (Model CM 6B). One of them is
used to measure the global solar radiation and the other
15 fitted with a shadow band of radius 610 mm and width
50 mm, constructed following Kipp and Zonen design, to
measure its diffuse component. The pyranometer specifi-

cations meet the majority of the requirements set for class |
radiationsensorsbytheWorldMeteorologicalOrganization
(WMO 1983). The sctting of the shadow band was checked
twice daily making sure of the centering of the sun shade on
the receiver head of the pyranometer all day around. Every
fewdaysthebandpositionisadjusted accordingtotheactual
declinationofthesun. Irradiances(G and D) in W m"2 were
measured and integrated over 60 minutes period using a
two channels solar integrator (Kipp and Zonen Model
CC12). The measurement instruments were used for the
first time in this study and calibrated by the manufacturers
themselves. The pyranometer has a directionality error
<20 Wm™? at 100 W m?2 and a nonlinearity
<1.5%(<1000Wm2), while the inaccuracy of the solar
integrator lies within 0.2% %1 digit. The measured values
of D were multiplied by a correction factor f (1 to 1.14),
calculated daily to compensate the small part of the diffuse
sky radiation, which is obstructed by the shadow band. This
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TABLE 2
Percentage of frequency distribution of daily totals of global solar radiation through the measurement period in Qena/Egypt
Range MJ m? 0-5 5-10 10-15 15-20 20-25 25-30 30-35
Jun 1992 0.0 0.0 0.0 0.0 0.0 407 593
Jul 0.0 0.0 0.0 0.0 0.0 81.5 18.5
Aug 00 0.0 0.0 0.0 0.0 100.0 0.0
Sep 0.0 0.0 0.0 0.0 520 48.0 0.0
Oct 0.0 0.0 0.0 222 7.8 0.0 0.0
Nov 0.0 0.0 40 96.0 0.0 0.0 0.0
Dec 0.0 0.0 538 46.2 0.0 0.0 0.0
Jan 1993 0.0 11.5 117 808 0.0 0.0 0.0
Feb 0.0 0.0 1.7 500 423 0.0 00
Mar 00 0.0 0.0 63 68.8 250 0.0
Apr 0.0 0.0 0.0 74 296 63.0 0.0
May 0.0 0.0 0.0 8.7 8.7 739 8.7
Summer 0.0 0.0 0.0 0.0 17.3 765 6.2
Autumn 0.0 0.0 19.3 548 259 0.0 0.0
Winter 0.0 38 5.1 457 37.0 83 0.0
Spring 0.0 0.0 0.0 54 12.8 592 2.7
Year 0.0 1.0 6.1 26.5 233 36.0 72

value is determined by Latimer and Mac Dowall (1971) as
follows:

f=1(-FD) (1)

in which assuming the isotropic distribution of sky
radiance,

F/D=(2 w Irtr) cos 8 (sing sind Ho+cosd cosd sinHo (2)

where, @ is the width of the band, r is its radius,d is the
solar declination, ¢ is the station latitude and Hy, is the hour
angle of the sun at sunset.

4. Result and discussion

The different solar radiation components are functions
of several variables (Atwater and Ball 1981, Kudish er al.
1983) such as the solar elevation angle (solar height), the
nature and extent of cloudiness (Cloud amount), the atmos-
pheric scattering by air molecules, (Rayleigh scattering) and
aerosols (Mie scattering) as well as the absorption by atmos-
pheric gases (H20, 02, CO2, O3 in specific wavelength
bands) and aerosols. The values and variations of these
components are mainly influenced by the mentioned pa-
rameters, which will be considered in this chapter to discuss
the measurement results in the different periods of the year.

4.1. Characteristics of global solar radiation(G)
on a horizontal surface

4.1.1. All sky conditions measurements (Ga)

(a) Hourly variation of global solar radiation (Gah)

Table 1 gives the average values of the hourly global
solar radiation in MJ m 2 received on a horizontal surface
through a day in different months during the measurement
period (Local Apparent Time, LAT, is used). From this
table one can see clearly that the rise and fall of the hourly
global solar radiation throughout the day is generally
symmetrical with respect to the solar noon for all days the
year around. As expected the maximum values are re-
corded at midday hours (11-13 LAT) with average values
range from 3.75/3.74 MJ m'? in June/July to 2.26 MJ m>
in December in somewhat symmetrical way, while the
minimum values were observed at “early morning” (Sun-
rise till 7 LAT) and “late afternoon” (17 till Sunset LAT)
with average value being in some measurements in the
order of the instrument offset. This behavior is a resultant
of the longer path traversed by the solar radiation in the
early morning and late afternoon (0.8° = h = 15.5°) than
in the solar noon time (39.9° = h = 81.4°), This is accom-
panied with greater amount of scattering and absorption
and leads to marked depletion of the global solar radiation
in the early morning and late afternoon hours compared
to the noon time.
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Fig.2. Variation of daily totals of diffuse solar radiation (June 1992-May 1993)

(b) Variation of daily totals of global solar
radiation (Gad)

Fig. 1 illustrates the variation of the daily totals of
global solar radiation through the whole measurement pe-
riod from June 1992 to May 1993. The value of Gag varies
from 31.37 MI m™ [on the day number 159 (8 June)] to 5.63
MJ m'2 [on the day number 7 (7 Jan)] with somewhat
retharkable variation from day-to-day. This variation is due
to the fluctuation of the atmospheric conditions with respect
to water content, dust and amount and type of clouds, which
change from hour-to-hour and day-to-day.

(i) Variation of monthly average of daily totals of
global solar radiation (Gad)

The variations of the monthly average of Gag are also
included in Table 1. The average value of daily totals of Gad
ranges from 29.96 MJ m 2 in June to 14.68 MJ m™? in
December. The maximum value of extraterrestrial radiation
at the places outside the tropics in the northern hemisphere
Go, occurs in June (Go = 40.914 MJ m™) and the minimum

in December (Go = 22.277 MJ m2)C Morris et al. 1982).
The results of the monthly average of Gad show that the
standard deviation has relatively high values in May (£869),
January (£829), and April (£749), compared with the small
values in July (£194) and June (+246). This is due to the
strong fluctuation of atmospheric dust particles and clouds
in these three months (May, January, and April).

(if) Variation of seasonal averages of Gad

Table 1 gives the seasonal averages of Gad as well as
its average over the whole measurement period. From this
table one can see that the average Gad over the year is 22.64
MJ m with a seasonal variation from 17.37 MJ m™ in
winter to 27.61 MJ m 2 in summer. This relatively temperate
variation is typical of the climate of North Africa and also
reflects the low degree of cloudiness in the study region
(locta in average through the measurement period). The
standard deviation of the results, has high values in winter
(£1023) and spring (£864) and a small value in summer
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TABLE 3
Results of mean values of hourly and daily diffuse solar radiation (MJ m?) in all (Da) and cloudless(Dc)
sky conditions in the period from June 1992 to May 1993
Diffuse LAT Daily
Period Solar Sr-5 5-6 6-7 7-8 8-9 9-10  10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-Ss totals
radiation

Jun'92 Da 0006 0202 0451 0619 0726 0788 0817 0.852 0844 0.805 0742 0657 0530 0300 0.038 8376
Dc 0.006 0202 0442 0605 0709 0765 0783 0.826 0825 0.788 0723 0642 0521 0297 0037 8.177
Jul Da 0.004 0.162 0372 0512 0598 0.653 0.687 0699 0697 0659 0.627 0550 0429 0239 0026 6912
Dc 0.005 0.164 0373 0511 0599 0653 0685 0695 0684 0647 0617 0.543 0426 0241 0.028 6.871
Aug Da 0.099 0346 0507 0554 0610 0642 0646 0650 0619 0.597 0498 0370 0.160 0.008 6.309
D¢ 0093 0345 0508 0534 0586 0615 0.625 0616 0.587 0.548 0484 0376 0.150 0.006 6.060
Sept Da 0.051 0307 0516 0649 0726 0765 0782 0766 0724 0.666 0.554 0357 0.113 $.995
Dc 0.046 0302 0506 0627 0702 0736 0.762 0742 0.700 0640 0.530 0.357 0.086 6.737
Oct Da 0006 0.176 0377 0479 0575 0606 0.622 0603 0578 0.509 0400 0.219 0.018 5.168
Dc 0006 0.179 0375 0482 0.565 0592 0.604 0583 0559 0 489 0390 0215 0.017 5.055
Nov Da 0.087 0304 0442 0531 0594 0572 0559 0537 0498 0379 0.166 0.000 4.670
Dc 0.085 0298 0441 0527 0574 0547 0545 0510 0435 0363 0,161 0.002 4.489
Dec Da 0025 0207 0375 0480 0507 0554 0541 0495 0430 0357 0.178 0.008 4.158
Dc 0.028 0208 0373 0450 0480 0511 0461 0432 0374 0329 0.161 0.007 3813
Jan'93 Da 0004 0.137 0316 0466 0541 0574 0620 0613 0510 0426 0.266 0.060 4.535
Dc 0.000 0127 0282 0398 0469 0487 0515 0491 0445 0.373 0.257 0.076 3919
Feb Da 0.007 0.163 0356 0483 0572 059 0592 0578 0519 0432 0346 0.141 0004 4.788
Dc 0.007 0.165 0341 0461 0531 0524 0507 0500 0.485 039 0315 0.142 0.004 4376
Mar Da 0063 0300 0502 0603 0683 0717 0745 0731 0.706 0.643 0480 0224 0.012 6408
Dc 0.070° 0326 0541 0647 0710 0.7'3 0741 0720 0669 0608 0476 0244 0.014 6.479
Apr Da 0016 0228 0471 0620 0668 0763 0806 0767 0774 0719 0629 0452 0224 0019 7.156
Dc 0.021 0254 0517 0618 0593 0643 0.709 0.656 0663 0.640 0593 0450 0256 0.022 6.635
May Da 0.097 0389 0.502 0635 0954 1008 1.011 0991 0881 0831 0672 0479 0262 0035 8.747
Dc 0.096 0423 0531 059 0663 0724 0792 0825 0742 0709 0.558 0419 0261 0028 7366
Summer Da 0005 0123 0364 0522 0603 0662 0695 0708 0701 0.667 0.633 0539 0403 0.186 0024 6.835
D¢ 0.005 0115 0353 0511 059 0648 0678 0692 0678 0.641 0599 0520 0389 0.172 0025 6616
Autumn Da 0011 0126 0335 0468 0.550 0595 0.606 0582 0.553 0488 0393 0200 0.027 4934
Dc 0011 0.137 0342 0475 0554 0590 0598 0576 0547 0475 0392 0209 0029 4936
Winter Da 0016 0.172 0371 0509 0582 0612 0644 0626 0.558 0462 0321 0.104 0.007 4985
Dc 0014 0.162 0335 0446 0515 0533 0522 0.508 0.475 0396 0295 0115 0004 4320
Spring Da 0006 0.113 0346 0565 0697 0771 0912 0902 0891 0.849 0.795 0694 0520 0276 0.027 8363
Dc 0.006 0.133 0373 0565 0671 0706 0743 0798 0.784 0.751 0699 0622 0495 0281 0029 7.655
Year Da 0006 0.101 0229 039 0524 0613 0679 0.691 0688 0658 0.603 0508 0348 0.155 0022 6.214
D¢ 0.005 0.104 0251 0402 0518 0590 0630 0647 0635 0.607 0.559 0479 0338 0.158 0.023 5947

indicating the higher stability of the atmosphere in the
summer months.

(iii) Percentage frequency distribution of Gaq

The percentage frequency distributions of Gag are
given in Table 2 for each month, season and the whole
period, respectively. From this table, it can be seen that

about 93% of the days in the year have values of Gag within
the range from 15-35 MJ m"2. In summer and spring months,
82.7% and 81.9%, respectively of occurrences are in the
range of 25-35 MJ m™%, while in autumn and winter,
80.7% and 82.7%, respectively are in the range 15-25 MJ
m2. In June, July and August, almost all days receive
Gad in the range of 25-35 MJ m™? and 59.3% of these
days get between 30 and 35 MI m ™% in June. The above




EL-SHAZLY etal.: SOLAR RADIATION CHARACTERISTICS AT QENA/EGYPT

Ditfuse fraction
@ o o
o n <3
T T T

o
&
T

b
[H]

0-2.

1 1 1 L

1 1 1 1 1

182 215 245 278

308 339

5 37 72 N8

Julian day

Fig. 3. Variation of daily diffuse fraction (June 1992-May 1993)

distribution of the solar radiation is characteristic
for the subtropical regions and indicates to the
richness of the study region with solar energy.

4.1.2. Comparison between global solar radiation
in all (Ga) and cloudless (G¢) sky conditions
[Table 1]

(@) Comparison between the hourly global solar
radiation in all (Gan) and cloudless (Gch) sky
conditions

A comparative study between the average values
of Gch and Gah in the whole measurement period shows
that:

(i) the course of Gcp is similar to that of Gay with
somewhat higher values of Gch, because of the missing
attenuation by clouds.

(ii) the average clouds effect seems to be small in Qena
over the whole measurement period because the small at-
tenuation in some months acts oppositely to the higher
values in other months. Also Qena is characterized with high

and thin clouds, which causes less depletion of the global
solar radiation.

(b) Comparison between the daily totals of global
solar radiation in all (Gad) and cloudless (Ged)
sky conditions ones

The behaviour of G4 shows the same general pattern
as Gad for both monthly and seasonal averages, but with
higher values. The relative percentage when G4 exceeds
Gad was found to be maximum in January (9%), May(8%)
and winter (7.9%), while it is minimum in July*(0.1%) and
summer (2%). In the whole period the average' value is
(4.6%). This is due to the clouds, which was maximum in
January (1.79 octas) and May (2.68 octas) and in winter
(1.61 octas), while it was minimum in July (0.08 octa) and
summer (0.11 octa). The average values of G4 varies from
30.09MJ m™in June to 15.05 MJ m"2in December and from
2871 MIm?in spring to 18.85 MJ m2 in winter with the
average value over the whole measurement period being
23.72MJ m™.

65
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TABLE 4
Percentage of frequency distribution of daily totals of diffuse solar radiation through the measurement period
Range (MJ m?) 0-2 24 46 6-8 8-10 10-12 12-14 14-16
Jun’ 92 0.00 0,00 0.00 57.69 23.08 15.38 3.85 0.00
Jul 0.00 0.00 25.00 58.33 16.67 0.00 0.00 0.00
Aug 0.00 0.00 44,44 55.56 0.00 0.00 0.00 0.00
Sep 0.00 0,00 12.00 76.00 12.00 0.00 0.00 0.00
Oct 0.00 385 76.92 19.23 0.00 0.00 0.00 0.00
Nov 0.00 16.67 75.00 8.33 0.00 0.00 0.00 0.00
Dec 0.00 61.54 30.77 7.69 0.00 0.00 0.00 0.00
Jan’ 93 0.00 40.00 40.00 20.00 0.00 0.00 0.00 0.00
Feb 0.00 39.13 47.83 8.70 435 0.00 0.00 0.00
Mar 0.00 0.00 38.46 38.46 23.08 0.00 0.00 0.00
Apr 0.00 0.00 28.57 23.81 28.57 14.29 4.76 0.00
May 0.00 0.00 12.50 12.50 12.50 50.00 0.00 12.50
Jun® 92 0.00 0,00 0.00 57.69 23.08 15.38 3.85 0.00
Summer 0.00 0.00 27.15 63.30 9.56 0.00 0.00 0.00
Autumnn 0.00 27.35 60.90 11.75 0.00 0.00 0.00 0.00
Winter 0.00 26.38 42.10 22.39 9.14 0.00 0.00 0.00
Spring 0.00 0.00 13.69 31.33 21.38 26.56 2.87 4.17
Year 0.00 13.43 3596 32.19 10.02 6.64 0.72 1.04

4.2. Characteristics of diffuse solar radiation (D) the atmospheric conditions especially theamountofclouds
andaerosol particles. Relatively highamountsofcloudsand
atmospheric particles lead to the maximum values of Dgg in
May and during the spring, while the minimum values of
Dgd, which occur in December and during the winter are

mainly due to the astronomical factors. The average value

4.2.1. All sky conditions measurements (Dg)

(a) Hourly variation of diffuse solar radiation(Dah)

Table 3 gives the results of hourly variation of diffuse

solar radiation in MJ m™ through the measurement period.
The measured mean values of Dgj are maximum in the hours
around midday (11-13 LAT). Its average value over the
whole measurement period is equal to 0.69 MJ m, ranging
from 0.85 MJm2 in June to 0.54 MJ m™ in December. At
early morning (Sunrise till 7 LAT) and late afternoon (17
till - sunset LAT) hours, the recorded values are minimum,
with average value during the whole period ranging from
0.01 10 0.23 MJ m2,

(b) Variation of monthly and seasonal averages of
daily totals of diffuse solar radiation (Dad)

The variation of Dgd through the measurement period
is graphically represented in Fig. 2. The value of Dag
fluctuates highly from day to day according to the state
of the atmospheric conditions (water content, amount of
cloud, aerosol particles, etc). It ranges from 15.70 MJ m™2
on 8 May to 2.64 MJ m™% on 10 Dec. The variation of
monthly and seasonal averages of Dgagq are also given in
the Table 3. It was maximum in May (8.75 MJ m™) and
during the spring (8.36 MJ m2), and minimum in Decem-
ber (4.16 MJ m-z) and during the winter (4.99 MJ m'z).
In general the fluctuation of the average Dug through the
months and the seasons of the year reflects the effect of

of Dgaq4 for the whole period of measurements is equal to
6.21 MJ m%, that means only about 27% of the corre-
sponding value of Gad (22.64 MJ m‘z). This conclusion
refers to the low degree of cloudiness in Qena, which
makes it an ideal region for using the solar energy for
different applications.

(c) Frequency distributions of Dad

The percentage frequency distributions of Dad in
different months, seasons and the whole measurement
period are summarized in Table 4. The percentage fre-
quency of Dgq4 received on a horizontal surface is very low
in the range > 14 MJ m’ compared to that for the corre-
sponding global solar radiation (Gaq) (see Table 2). About
91.6% of the days in the year have the values of Dug within
the low range 2-10MJ m™2. This clarifies the conclusion that
Qena city is a suitable region for utilizing the solar energy.

4.2.2. Comparison between diffuse solar radiation
in all (Dga) and cloudless (D¢) sky conditions

The results of diffuse solar radiation measurements
in cloudless sky conditions (D¢) are summarized in
Table 3. A comparison study has been done between
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TABLE 5
Results of mean values of hourly and daily diffuse fraction of global solar radiation in all(ka) and cloudless(kc)
sky conditions in the period from June 92 to May 93
Diffuse fraction LAT Daily
Period of Global solar S5 S6 67 78 89 910 1011 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-Ss P,
Solar radiation

Jun' 92 ka 078 065 046 034 028 025 023 023 024 024 027 032 043 062 092 028
ke 078 064 043 032 027 024 022 022 023 024 026 031 042 062 091 027

Jul ka 079 058 037 028 024 021 019 019 019 020 023 027 035 054 087 023
ke 079 058 037 028 024 021 019 019 019 019 022 027 035 053 087 023

Aug ka 061 042 031 023 021 019 018 019 020 023 027 037 057 0.23
ke 060 042 031 022 020 0I8 017 018 019 021 027 037 0.57 0.22

Sep ka 087 054 037 030 026 023 023 023 025 029 036 051 081 0.28
ke 087 052 036 029 025 023 022 022 024 028 034 048 0.81 0.27

Oct ka 076 053 035 027 023 021 020 020 023 026 034 050 082 0.25
ke 076 054 034 026 023 020 020 020 022 025 033 049 0.81 0.24

Nov ka 071 044 034 027 025 022 024 026 032 042 069 076 0.29
ke 070 042 031 026 024 021 022 023 027 039 064 027

Dec ka 077 048 035 029 025 024 026 026 029 040 064 €80 0.29
ke 075 045 034 026 023 022 020 021 024 036 061 0.25

Jan’ 93 ka 076 066 042 034 031 028 030 031 035 041 053 069 0.34
ke 059 032 025 022 020 020 020 022 026 035 062 0.23

Feb ka 068 048 033 028 025 022 021 022 027 028 037 053 078 0.26
ke 067 045 030 026 022 018 017 017 020 022 031 049 078 022

Mar ka 078 053 039 030 026 023 024 026 029 034 043 058 086 029
ke 079 054 039 030 026 023 023 024 026 031 040 057 086 028

Apr ka 068 043 052 028 027 027 024 030 033 038 047 060 078 0.32
ke 065 043 031 022 020 020 018 020 023 030 030 053 072 025

May ka 086 061 039 033 031 035 032 034 048 050 049 058 068 086 039
ke 086 060 031 021 016 016 015 0I14 014 018 022 032 056 091 029

Summer ka 079 065 043 031 025 022 020 020 020 021 024 029 039 060 08 025
ke 077 063 041 030 024 021 019 019 019 020 023 028 038 059 087 023

Autumn ka 082 064 040 031 025 023 022 022 024 028 038 059 083 0.27
ke 082 061 039 030 025 022 021 021 023 026 036 056 083 0.26

Winter ka 075 057 039 033 028 025 027 028 032 037 049 064 083 031
kc 073 052 033 026 023 020 019 020 022 025 036 058 082 024

Spring ka 077 076 059 039 039 027 026 026 025 030 033 037 046 062 088 03I
ke 080 075 055 035 029 023 021 021 021 022 024 030 040 059 083 027

Year ka 078 071 058 042 033 027 024 023 023 025 029 035 049 066 087 028
ke 079 070 054 038 028 024 021 020 020 021 024 030 043 064 085 025

thediffusesolarradiationmeasuredinbothallsky(Dg) and
cloudless (D) sky conditions for investigating to what
extend the clouds affect the values of diffuse solar
radiation. The following conclusions may be deduced
from this table:

(i) The same behaviours are generally observed for
the variations of hourly and daily totals (monthly and

seasonal averages) of diffuse solar radiation in all sky
(Dah, Dad) and cloudless sky conditions (Dch, Ded). How-

ever, themeasured valuesof D¢, and D¢g were smaller than
those of Dgap and Dgg, indicating clearly the influence of
clouds in increasing the diffuse solar radiation.

(ii) The average value of Dcp over the whole meas-
urement period is maximum at midday hours (11-13
LAT). It has the value 0.65 MJ m~2 ranging from 0.83 MJ
m? in June to 0.46 MIm2 in December, while it is
minimum in the early morning (Sunrise-7 LAT) and late
afternoon (17-Sunset LAT) being in some months in the
order of the instrument offset.
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Fig. 4. Relation between daily values of diffuse fraction and cleamness index

(iif) The monthly and seasonal average values of D4
were maximum in May (7.37 MJ m'z) and during the
spring (7.66 MJ m'z), while it is minimum in December
(3.81 MJ m'2) and during the winter (4.32 MJ m'z). Its
average value for the year is 5.95 MJ m 2.

(iv) In average the effect of clouds is not large be-
cause thin and small amount of clouds in some months
offset the effect of thick and large amounts in the other
ones.

4.3. Characteristics of diffuse fraction (k) of global
solar radiation

The diffuse fraction is defined as the ratio between
the diffuse solar radiation and the global solar radiation,
both received on a horizontal surface. Its diurnal and
seasonal variations are presented and discussed in the
following sections.

4.3.1. All sky conditions measurements (ka)
(a) Hourly variation of diffuse [fraction (kap)

Table 5 summarizes the results of hourly variation of
diffuse fraction from sunrise to sunset through the period
from June 1992 to May 1993. k., decreases from sunrise till

midday and then increases again towards sunset. Accord-
ingly maximum values were listed for early morning (sun-
rise - 7 LAT) and late afternoon (17-sunset LAT). The
average values over the whole period are in the ranges
(0.58-0.78) and (0.66-0.87) in the early morning and late
afternoon, respectively. Minimum values are obtained at
midday hours (11-13 LAT) with an average value of 0.23.
This behaviour is expected in terms of the higher attenuation
of the direct solar component of global radiation in the early
morning and late afternoon than in the noon hours, which is
accompanied with decrease in G, values and an increase in
Dgap ones.

(b) Variation of daily averages of diffuse fraction (kad)

The variation of kud is shown in Fig. 3. Its value
fluctuates obviously from day to day corresponding to the
fluctuations of Gug and Dag discussed in sections 4.1 b)
and 4.2 (b). It ranges from 0.14 (25 Feb) to 0.9 (7 Jan)
and is characterized with remarkable fluctuations in the
day numbers from 326 to 172, in which kg value tends
to be higher than in the other days of the measurement
period. This is evident considering the instability of the
atmosphere in these days with respect to water content,
dust and clouds, which have also somewhat higher values
in these days, as mentioned above. The average values
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TABLE 6
Comparison between the yearly average of daily totals of
global solar radiation (G) falling in horizontal surface in all
sky condiftions at different locations in Egypt

S.No. Location Global Solar radiation
(MJ m?)

1. Qena 22.6404

r Matru 19.89

3. Tahrir 19.0584

4. Cairo 23.0184

5. Kharaga 23.0976

6. Aswan 23.0976

of kad for each month and season in the measurement
period are also given in the Table5. The maximum values
were observed in May (0.39) as well as in winter and
spring (0.31), while the minimum ones were recorded in
July & August (0.23) and during the summer (0.25). In
general the cloudiness is the main reason of this behav-
iour. This is indicated with the very high correlation
found between kud and clouds amount (correlation coef-
ficident =0.95). The influence of other affecting parame-
ters such as aerosols may be more effective in the
cloudless days. The average value of ka4 over the whole
period is equal to 0.28, indicating the low degree of
cloudiness in Qena, which gives more support to the high
abundance of solar energy in this region.

(c) Relation between (kad) and clearness index (kid)

The clearness index is defined as the ratio of global
solar radiation at the earth’s surface (G4) to extraterres-
trial solar radiation (G,) received on a horizontal surface.
It refers to the availability of the solar radiation at the
ground and indicates the influence of the atmospheric
constituents such as water vapor, dust and clouds on it.
So, high values of k¢ are accompanied with low kaa. The
relation between ka4 and k4 is represented graphically in the
scatter plot in Fig. 4 for all the daily measurements in all sky
conditions. The figure shows that:

(i) The most of the values of diffuse fraction are at
the right lower part of the plot (low kg4 and high k)
giving further evidence to the high availability of incom-
ing solar radiation during the most of the year in Qena.

(i) For any value of clearness index ki4, there are
many values of diffuse fraction kad, which means that kqq
depends on other parameters in addition to kz4. The most
important parameter is the sun elevation, which plays an
active part in this consideration. This conclusion seems
to be more clear in view of the not very high correlation
found between ka4 and k4 (correlation co:zfﬁciem = -
0.69).

4.3.2. Comparison between the diffuse fraction in
all (ka) and cloudless (k) sky conditions

In view of Table 5 and from the above discussions on
the effect of clouds on both D and G, we can show that
the behaviour of diffuse fraction in cloudless sky condi-
tions (kc) has the same generally patterns as in all sky
conditions (kg), but with lower values owing to the elimi-
nation of clouds effect. Table 5 summarizes the results of
ke through the measurement period. The maximum values
of average k. were observed in March and May (0.28) and
during the spring (0.27), while the minimum ones were
recorded in August (0.22) and during the summer (0.23).
Considering that the main affecting parameters on k¢ are
the water vapour and the suspended dust particles, the
above variation is possible in view of the dusty
khamaseen wind blowing in the spring months and lead-
ing to high concentration of aerosols.

5. Conclusions

Based on the measurments of global and diffuse solar
radiation and calculated diffuse fraction in the period from
June 1992 to May 1993, the following conclusions can be
deduced :

(i) The Qena region receives a considerable quantity
of solar energy. 93% of the days through the year have
values of global solar radiation in the high range from 15-35
MJ m2, while 91.6% of the days have diffuse solar
radiation in the low range from 2 to 10 MJ m>. Average
values of Gad, Dad and kaq over the whole measurement
period are 22.64 MJ m'2, 6.21 MJ m ™ and 0.28, respec-
tively.

(if) High values of G and small values of D and k were
observed in cloudless sky conditions in comparison with
those recorded under all sky conditions, reflecting the
effect of clouds in depleting the incoming global solar
radiation and in increasing its diffuse component. The
reduction of global solar radiation by clouds represents a
small percentage (4.6%), which refers to the low degree of
cloudiness in the study region (I octa in average over the
year).

(iif) The relation between the diffuse fraction kqq4 and
clearness index k;4 shows that the most results lie in the
region of the high clearness index and low diffuse fraction
indicating the availability of high incoming solar radiation
during the most part of the year.

(iv) Considerable fluctuations of the different solar
radiation components were observed in March, April, May
and January owing to the large fluctuations in the atmos-
pheric conditions in these months.
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(v) The average value of daily totals of global solar
radiation measured in Qena is comparable with that re-
corded by Meteorological Department of A.R. Egypt in
different locations in Egypt (see Table 6).

(vi) The incoming solar energy at Qena is a significant
source of renewable clean energy, which is sufficient to
supply man’'s energy need and encourages us to use it for
developing this region, a subject which should be consid-
ered in future.
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