2.1

SOLAR HEAT GAINSAND SKY RADIATION

Solar heat gains from windows are resulting frorgl@bal energy balance. Optical energy
transmittedthrough the windows is entirely reemitted as irdtaheat in the building, while
optical energyabsorbedby the windows is partially reemitted as infrateght in the building,
the other part being reemitted as infrared hedlhéooutdoor. The total reemitted heat in the
building, divided by the whole sun optical energaching the window, is defined as the
window solar factor

Solar heat gains are computed as the sum of duédtise and reflected components (ref.
[19], [23]).
2.1. Direct solar heat gains

Direct solar heat gains through windows are congpthieough:

Qo = Z( ZSF.Ib.AN] sF=1- f, )g (2.1)

slopes\ orientatio ns

qpw - Heat gains from direct solar intensity throughadowsW

SF  : Window solar factor -

g . Glazing solar factor -

frr . Ratio of frame area in the whole window area -

I : Direct solar intensity on a plane of a givesps and azimutkiv/nf

A, : Window arear’

The solar intensity reaching a plane of a giverpealand azimuth is related to the solar
intensity reaching a horizontal plane by:

cosf
L, =1, 2.2
b bh COSHZ ( )
Iyn : Direct solar intensity measured on a horizoptahe (weather dat&y/nf
6 : Angle between sun beams and the normal dire¢tigdhe given waltad
o, : Angle between sun beams and the vertical doecad

The equivalent solar area of a window is definedrater to directly compute,, from 1,

which is a weather data independent from the vathath and slope, instead of :

qb,w = z ( ZSFI bh'A\eq,wj (23)

slopes\ orientatio ns

So:
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2.

cosé
"cosd,

Agu = Ay (2.4)

: Equivalent solawindow area including glazing and fram

The direct solar radiation reaching a window of\aegiorientation anglope is either equal -

Ayl OrtoA, .1y, .

2.1.1. Solar ratios

Values of the ratiocosd/cosd, corresponding tovertical windows can be tabulated as
function of thewindow azimutl, for a given building location (latitude and lonhgie).

Values of the raticcosd/cosd, corresponding tpitchedwindows are then deduced from
values computed for vertical windows, throt

(COSH/COSHZ)pitchec = COSp + Sin p.(COSQ/COSQZ )vertical (25)
p : Sope of the pitched windowp=0 for horizontal positionp=77/2 for vertical)rad;
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Fig. 2.1: Anglesd and 8, as well a azimuth difference between sun and wall for a val
wall (p=77/2).

The equations to compute tratio cosd/cosd, are described below.
The angled between sum beams and wall normal direction cacobguted fror (fig. 2.1):
cos@ = cosp.cosd, +sin psing,.cosf/ - y,) (2.6)

: Angle between sum beams andnormaldirection to the given warad
p : Sope of the given wall p=0 for horizontal wall;p=77/2 for vertical wall)rad
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2.

: Angle between sum beams and vertical direcrad

: Sunazimuth §/=0 when the sun is on the souy <0 when the sun is on the east s
andy > 0 when the sun is on the west sirad

: Wall azimuth (, =0 when the wall is facing the souty, <0 when the wall i
facing the east side ang, >0 when the wall is facing the west sicrad

As the walll characteristics are knovp and y, are given as data, while the sun posi
angleséd, andy; are computed hour by hour from the expressionsuneier

The angled, between sum beams and vertical direction can bguted fron (fig. 2.2):
cosd, =sinod .sing + co<0.cosp.cosw (2.7)
: Sun declinatiomad
: Latituderad
: True solar timead

The sun azimuth can be computed frc (fig. 2.2):

siny = —coj]:lnw (2.8)

1 Poles line

E Place vertical line

\ ™
o e . '”/’J
, I— ,/
Horizon -
//

Fig. 2.2: Angled, as function osun declinatio® , latitude ¢ and true solar tim w
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2.4

The data needed to compute the sun position aglesdy (expressions (2.7) and (2.8)) are

given in §2.1.2. Once those angles are computedhohour, the solar raticosd/cosé, can

also be computed hour by hour for the whole yeay. 2.3, 2.4 and 2.5 give the results
corresponding to vertical walls for summer solstgming equinox and winter solstice.

8

Solar ratios

hour30|ar [h]

Fig. 2.3: Solar ratios for vertical South, East awest oriented walls (full lines) and for
vertical North oriented wall (dotted line) on th&*2of June.

8

Solar ratios
AN

hc’ursolar [h]

Fig. 2.4: Solar ratios for vertical South, East awkst oriented walls (full lines) on the®2df
March.
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~-South— 7

Solar ratios

hourseiar [h]
Fig. 2.5: Solar ratios for vertical South, East awkst oriented walls (full lines) on the*2df
December.
2.1.2. Sun position angles

The computation of the sun position angégsand y(equations (2.7) and (2.8)equires the
knowledge of the building locatidatitudeg andlongitudel, of thesun declinatio® and of
thetrue solar houra (fig. 2.2).

The building locatioratitude ¢ is given as data and must be expresseddiant

Thesun declinationd is computed by (ref. [20], [24]):

J = 0,40928sin 2.71( 284+ | j (2.9)
365

0 : Sun declinatiomad
j : Number of the day in the yeday

Thetrue solar timex, expressed in radiant, must be translated in tesay, , in order to be
related taUTC (Coordinated Universal Time)

n
= w— 2.10
=W (2.10)

w : True solar time expressedrad Wy, : True solar time expressedhn
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w, =UTC-12-A, +ET (2.11)

wyp - True solar time expressedhn
An 1 Longitude expressed m

UTC: Coordinated Universal Time n
ET : Equation of Time irh

The longitudeA, must be expressed lmour, from the value of the longitudé expressed in

radiant
n
A =A— 2.12
n = (2.12)
The equation of tim&T accounts for the small perturbations due to thehkapation of the tilt
of the Earth’s rotation axis and the eccentricityt® orbit. So the time read from a sun dial
runs ahead of clock time by 16 min 33s in OctoldeN®&vember 1, or falls behind by 14 min

6 s around February 11-12. The equation of tifies given by (ref. [20], [24]):

ET =(1/60). (- 0,00037+ 0,43177.cos( B.j ) - 3,165.cos(2. Bj ) - 0,07272.cos(3. B )
- 7,3764.sin(Bj ) - 9,3893.sin(2. B,j ) - 0,24498.sin(3. B )) (2.13)

ET : Equation of Time irh
B : Conversion factop=2/365 expressed inad/day
j : Number of the day in the yeday

The Coordinated Universal TiméTC equals12.00 Zwhen the sun is at its highest point in
the sky, on the Greenwich meridian, for the dayarrabnsideration. It can be related to clock
time in winter and in summer, by expressions de@gndn the place under consideration. For
Belgium:

h,, =UTC+1 h, =UTC+2 (2.14)

hsv : Clock time in winteh
h.s :Clock time in summen
UTC : Coordinated Universal Time n

The Coordinated Universal TiméTC can also be related to tkelar timeh,,,, , defined

specifically for a given place, though thag,,, equalsl2hOOwhen the sun is at its highest
point in the sky, at that location, for the day endonsideration:

hy. =UTC-A, +ET (2.15)

solar
hsoiar - Solar time of the place under consideration
UTC : Coordinated Universal Time m

An : Longitude expressed m

ET : Equation of Time irh

‘Definition and Validation of a Simplified MultizenDynamic Building Model Connected to
Heating System and HVAC Unit’ G. Masy



2.7

2.2. Diffuse and reflected solar heat gains

Heat gains due to diffuse and reflected solar sitess through windows are computed
through:

Qo = 2, [SF-Idr- ZANJ sF={1-f,)g (2.16)

slope orientatio ns

qarw - Heat gains through windows, from diffuse ande@ttd solar intensitied/
SF  : Window solar factor

g : Glazing solar factor

frr : Ratio of frame area in the whole window area

Ly : Diffuse and reflected solar intensities on aplaf a given slop@//nf
A, : Window area including glazing and framé

If the diffuse and reflected solar intensities emasidered as isotropic:

(1+cosp) - (1-cosp) ’

I = 2 dh > Ll L = Tan + 1y (2.17)
l;, : Diffuse solar intensity measured on a horizoptahe (weather dat&y/nf
Iy : Direct solar intensity measured on a horizoptahe (weather dat&y/nf
Iyn : Total solar intensity measured on a horizonkahe (weather datay/nf
p : Surrounding ground albedo
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2.8

2.3. Sky radiation

The infrared radiation emitted to the sky by anaanhose slope ip with the horizontal
plane, can be expressed as function of the infreadition emitted by an horizontal plane as
follows, supposing equal sky clearness conditions:

| =y, {rcosp) (2.18)
‘ 2
p : Slope of the wall with the horizontal plane
I . Infrared radiation emitted by an area of slppe W/nf

Expression (2.17) gives the infrared radiatign emitted by a slope wall, for a given time
and place, provided the infrared radiatibp, of a horizontal plane at the same time and

place, are known. Those horizontal plane radiatiares computed as function of the sky
clearnessg:

J-J.
Iir,h = Iir,h,cc + JCS_ Jcc '(Iir,h,cs - Iir,h,cc) (219)
Iirn  :Infrared radiation emitted by an horizontal @an wW/nf
Iir nes - Infrared radiation of a horizontal plane foraleky conditions W/nt

Iirncc : Infrared radiation of a horizontal plane for eoed sky conditions w/nf
The following values are usually considered [36]:

lines =100 W/m®  and IR, , . =45 W/m’

ir,h,cs

Ji : Relative solar intensity at the given time,
Jee : Relative solar intensity for covered sky corafi, with J..=0,354
Jes . Relative solar intensity for clear sky condisomvith J. =1

Therelative solar intensity is computed from the total solar intensity on azuntal plane:

|
J= | L (2.20)

t,hcs

I;, ~ :Total solar intensity on a horizontal plane gi\en time wW/nf
Iencs - Total solar intensity on a horizontal plane ¢ar sky conditions W/nt
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