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Abstract 
To reduce solar radiation transmittance into buildings through windows facing east or 

west during summer, a window inclination from vertical position is suggested. The 

inclination of the window glazing and the rate of unwanted solar radiation during summer 

can be calculated knowing the dialy inclination of the sun rays. The inclination of 

window glazing depends on the latitude of the position required. For instance in Baghdad 

which is at about 33
o
 north latitude a slope of 15

o
 for window glazing is sufficient to 

prevent about 419 MJ/m
2  

of total solar radiation energy from penetration during summer 

for clear glazing of window facing east. This value drops to about 96 MJ/m
2
 during 

winter. Therefore the ratio between the energy saved for cooling during summer to the 

energy expended in heating during winter reached 4.4:1 for window facing east and 4.0:1 

for window facing west.  

 

 

  تأثير ميلان زجاج النوافذ المواجهة للشرق والغرب على نفاذية الأشعاع الشمسيتأثير ميلان زجاج النوافذ المواجهة للشرق والغرب على نفاذية الأشعاع الشمسي
    

  عباس جاسم حمادي الوتار عباس جاسم حمادي الوتار 

قسم الفيزياء قسم الفيزياء   ––كلية العلوم كلية العلوم   ––جامعة بغداد جامعة بغداد    

  الخلاصةالخلاصة

المبعان   ع ل النفا عذ المفا لعش للشع ا اف اللاع ف  ع ل  فعل الفعي   اع الشمسع  العخا ل الع  لتقليل نفاذية الأشع 
 قععخ ارت  ععي ة يقععة لأمالععة ا ععاع النا ععذل اععل الفنععق الشععارفل ج جل مقععخا  امالععة ا ععاع النا ععذل ف ععذل  م ععخل الأشعع اع 

اه سععقفة الأشعع ة الشمسععية الشمسعع  ريعع  الم رععفف خ فلععة للمبنعع   عع ل  فععل الفععي  يم ععل  سععابة ب ععخ م   ععة ات عع
يفميععا ج جل مقععخا  جمالععة ا ععاع النا ععذل ي تمععخ العع  اافيععة  ععة ال عع ل للمفرععق المةلععففج   لعع  سععبيل الم ععال   عع  بلاععخاخ 

 954خ  عة اعل الشعارفل لا عاع النا عذل ي عفل  ا يعا  لمنعق  51شمالا    أل امالة رخ ها  33فالت  ه  ال   ة ا ل 
الشمسعع  ال لعع  مععل الععخ فل العع  ا ععاع النا ععذل الأاتيععاخل وريعع  الملععفل  المفا ععش  مت م بععق مععل الأشعع اع\مليععفل  فل

مت م بعق  ع ل  فعل الشعتاءج فلعذل  \مليعفل  فل 49للش ا ج ناء  فل الفي ج فجل هذه القيمش تن فل ال   عفال  
 عع  التخ  ععة  عع ل  ععأل النسععبة بععيل الةارععة التعع  تععف   للتب يععخ  عع ل  فععل الفععي  العع  الةارععة الم  فبععة فالمسععتلل ة 

  للشبا  المفا ش لللا فج 4.0:1للشبا  المف ش للش ا  ف  4.4:1الشتاء تفل ال  
 

 

IInnttrroodduuccttiioonn  

To reduce the penetration of solar 

radiation through glass windows during 

hot summer in contries` like Iraq or other 

Arab Gulf contries, proper methods are 

required to moderate the indoor 

temperature. One of the methods used to 

prevent sun rays fall on the windows is to 

construct a specially designed over hang to 

allow most of winter sun, and to prevent 

most of the summer sun [1]. A second 

method is to use of operable shading 
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device in front of windows which has 

different positions in summer and winter. 

A third method is to use double glazing 

with an operable shading device called a 

skylid [2], or by using tinted or coated 

glass. An alternative method is proposed 

in the present work and in a previous work 

[3]. Where by the reflection of the incident 

solar radiation is increased causing the 

transmitted radiation to decrease. This is 

done by the inclination of the window by 

certain angle with respect to the vertical so 

that its lower edge is on the interior of the 

window sill (Fig.1). In previous work [3] a 

treatment for south facing window was 

conducted and the costwise of saving 

energy by utilizing such inclined windows 

or what may be termed as passive cooling 

in building was also discussed thoroughly 

[4]. Both methods are more efficient in 

preventing summer sun than winter sun 

due to different inclination of the sun with 

respect to earth between south and north. 

The angle of inclination of the window 

glazing depends on the latitude of the area 

in question–the smaller the latitude the 

smaller the angle. For hot contries between 

equator and latiude equal to 33
o
, for 

example, only a small angle of inclination 

is needed which requires minor alteration 

in the construction of the window. This 

makes the method more suitable for such 

contries. 

 

Theory 

The transmittance T of a glass plate with 

parallel faces when absorption by the glass 

is neglected and multiple  reflection inside 

the glass are taken into consideration, is 

given by [3] . 

T= (1-R) / (1+R)                          ….(1) 

Where R is reflectance of a single air-glass 

interface and can be calculated from the 

well known Fresnel
,
s formula, namely  

 

                                                    .…(2) 

Where φ , and φ
/
  are angles of incidence  

and refraction  respectively.  

The angle of incidence, φ , of sun rays on 

a window glass facing east (or west) can 

be derived in terms of the azimuth angle 

A, and elevation angle E (see Fig.2) Using 

the direction cosines formula, namely  

Cos
2
φ +Cos

2
Z+Cos

2
S =1        .…(3) 

Where   )(, POVandPOS
S

   are 

the angles of incidence on planes facing 

east (or west) and South respectively. 

Since cos
S
φ =cosEcosA [3], and 

cosZ=SinE, then substituting these values 

into Eq. (3), one then gets  

Cosφ =CosE SinA                 ..…(4) 

When the window glass (facing east or 

west) is inclined by an angle α  with 

respect to the vertical, the angle of in 

cidence φ will be modified to αφ which is 

derived as : 

Cos αφ =Cosα  CosE SinA-Sinα  SinE (5) 

Using Eq.(4), then Eq.(5)  can be written 

as  

Cos αφ =cosα  cosφ -Sinα SinE            (6) 

 

Calculation of angle of incidence  φ  and 

transmittance T 

The angle of incidence φ  has been 

calculated from Eq.(4) after calculating 

both A and E values for Baghdad area 

(Latitude = 33.33
o
N ) [3-7]. The 

calculations have been done for 

oppreximately the middle of each month, 

between sun rise and noon, since the 

values E (and also φ ) equal at 

symmetrical time intravels around the 

noon axis [7], i.e φ  (10 a.m) =φ  (2 p.m) .  

The new values of the angle of incidence 

   when the window glass is inclined 

with respect to the vertical by an angle   

(taken as 15
o
) are calculated from Eq.(6). )(
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2

1

)(tan
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2
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The values of E,A, φ , and    are listed in 

Table (1) .  

The values of the transmittance T and T  

of direct sun rayp through clear window 

glass for vertical and inclined positions 

respectively were calculated from Eq(1). 

The values of R were calculated from 

Eq(2), with the values of φ /
 calculated 

from Snells law using the measured value 

of the refracting index of the glass which 

is 1.5. The absorbance of the glass 

(thickness  3.5 mm) was found to be  

2%. Absorption of clear glass can 

therefore be neglected. Tand T-values are 

listed in Table (1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schematic view of the window 
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Angles of incidence of sun beam on window glass facing   east, and other related angles: POS= 

φ =angle of incidence for vertical position, POQ=   =angle of incidence for inclined position, 

E= Elevation angle, and A =Azimuth angle 

 

 

 

Table (1) 

Calculated values of elevation angle E, azimuthal angle A (ref.(3)), angles of incidence φ , and φ   

for vertical and inclined positions of window, T and T transmittances of clear glass for vertical and 

inclined positions of window respectively , the decrease of transmittance T, direct normal solar 

intensity Io (ref.(3)), and the hourly change of transmitted global intensity Gt. . to GandI   are in 

W.h/m
2 
. 

The values of these quantities before 12 o’clock are  for window facing East, and after 12 o’clock 

are for window facing west . 
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Solar radiation for clear glass versus day number. Change (decrease) of transmittance of global 

solar radiation tG  for clear glass versus day number (window facing east). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Change (decrease) of transmittance of global solar radiation tG  for clear glass versus day 

number (window facing west). 
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Calculation of the change of the 

transmitted global solar radiation 

through window glass 

The incident global solar radiation, Go, 

in a given direction comprises two 

components the diffuse Ido  and the direct           

Io , i.e.   

Go=Ido + Io                                  .… (7) 

And similarly the transmitted global 

insolution Gt may be written as  

  Gt  = Idt  +  It                                .... (8) 

Where  Idt  and It   represent  the 

transmitted diffuse and direct  components 

respectively.  

Eq. (8)  can,  also, be written as   

Gt  = Idt  +  TIt                          ……(9) 

Where  (T=  It / Io  )  represents  the 

transmittance of the  direct  component. 

The  inclination of the  window glass by a 

15
o
  from vertical  causes  a negligible  

change in the  diffuse component 

compared to that in the direct component, 

since the diffuse radiation is  insensitive to 

the direction [3,9] . 

One can therefore, write for the change of 

the transmitted global insulation:  

Gt   IoT                                …. (10) 

Table (1) shows the hourly values of direct 

normal intensity Io (=I/Sin E) for Baghdad 

city (calculated from the measured values 

of direct intensity on a horizontal surface I 

and E-values [3]). The change (decrease) 

of hourly global insolation transmitted 

through the window glass Gt, due to 

window inclination by 15
o
 from normal 

position, has been calculated from Eq.(10) 

and listed in Table (1) too. The values 

before 12 O’clock are for window facing 

east. and after 12 oclock are for window 

facing west. From this table the daily total 

change of transmitted global insulation is 

then found during the actual hours of sun 

shine for windows facing east and west 

and listed in Table (2). Plots of Gt against 

day number of Table (2) are shown in 

Figs. (3) and (4) for both directions. 
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Discussion and Conclusion  

The present work is based on the 

variation of the intensity of the reflected 

and of transmitted sun light with the angle 

of inclination  relative to vertical position 

of window glass. Calculation  of  the 

reflectance R from Eq.(2) show that R 

increases slowly as the angle of incidence 

 increases for low values of  (<50
o
), 

while increases very rapidly at higher 

values of  . This means a very rapid 

decreases of the transmittance at higher 

values of . As suggested in the present 

work and a previous work [3] the 

inclination of the widow glass, in the 

direction shown in Fig.(1) causes the angle 

of incidence to increase (Eq.6). During the 

winter season, the angle of incidence is 

small and inclining the window would, 

therefore, have a small effect on 

transmittance and consequently a very 

small decrease in the transmitted sun light. 

While in the Summer season  

The angle of incidence is large and its 

increase would cause a rapid decrease in 

the radiation transmitted into building. The 

results of calculations (Table 2) have 

shown that inclining the window facing 

east from the vertical position by 15
o
 

causes a total decrease in the daily 

transmitted global radiation by about 0.8 

MJ/m
2
 day for the middle of January in 

winter. On the other hand the value 

increases to about 2.6 MJ/m
2
 day for the 

middle of June in summer. 

The total decrease in the transmitted 

global radiation, calculated from the area 

under the curve (Fig.3) is about 419 

MJ/m
2
, for window facing east, for the 

period from 1
st
 April to 31

st
 October which 

is the period when cooling of buildings in 

Baghdad is required. During the period 

from 1
st
 December to the end of February 

when heating is required, the cut off is 

about 96 MJ/m
2
. The corresponding values 

for window facing west (Fig.4) are 513 

and 128 MJ/m
2
. 

This means that the ratio of energy saved 

for cooling during summer to the loss of 

energy for heating (due to decrease of 

transmittance) during winter is 4.4:1 for  

window facing east and 4.0:1 for window 

facing west using clear glass. Comparing 

these results with results obtained for 

window facing south, where the ratio is 

18:1 for clear glass [3], suggest that the 

method of window inclination can be 

utilized with all window directions but 

with different energy saving ratios.  
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