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Peak solar heat gain through fenestration, particularly for clear and cloudy day
conditions, was estimated, using an approach based on the ASHRAE methodolo-
gy and considering the correlation between hourly clearness index k; and diffuse
ratio of the total radiation. Hourly SHG¢ gar and SHG¢ oupy Values for surfaces
facing the basic cardinal orientations and the horizontal surface, at different lati-
tudes, on the 21* day of each month, have been computed and compared. Results
show that in many cases solar heat gain for cloudy day may exceed that for clear
day. For wall exposures near the north the clear day condition could not be the
most conservative condition for the peak solar heat gain evaluation.
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Introduction

Usually, the cloudless day is considered as reference to evaluate the peak solar heat
gain (SHG) through fenestrations. Examples of this procedure are provided by ASHRAE [1]
and Carrier [2] methods.

Li et al. [3], basing on extensive global solar radiation data measured at the City
University of Hong Kong, found that values of peak SHG for horizontal surfaces occurred in
condition of cloudy day and were higher than those indicated by ASHRAE [1] for clear day.
On the base of this climatic data, they developed an approach to evaluate peak SHG on
subtropical regions.

Also for Mediterranean regions the hypothesis of clear day could not be the most
conservative condition, as it has been observed by the authors while testing the performance
of an heating, ventilation, and air conditioning plant in Rome for particular orientations of the
building surfaces, although not for horizontal ones.

In general, the value of solar irradiance for a surface facing the sun can increase for
the simultaneous presence of direct beam and diffuse radiation and it may occur when there
are few clouds that leave large areas of clear sky, fig. (1).
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Figurel. (a) Partially cloudy sky; (b) Overcast sky
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Figure 2. Comparison from experimental data [3]
and ASHRAE

But this situation is statistically rare,
verifying only for particular locations and
for a short time. Figure 2 shows the fre-
quency of experimental SHG, extrapolated
from measured data [3], compared to the
SHG valued by ASHRAE for a clear day.
Only for a 0.25% the former is higher than
the latter.

Conversely, the situation that normal
occurs is when the sky is overcast and the
beam of radiant energy emerging from the
clouds is more attenuated than on a clear
day and largely spread in all directions, as
indicated in fig. 1(b). However, as will be
shown below, even in a cloudy day, for
particular expositions, the total radiation
reaching a surface can be greater than for a
clear day.

Indeed, the total radiation Is reaching a
surface can be expressed as [1]:

where |s is the total radiation, Iz — the beam radiation, I — the diffuse hourly radiation on a
horizontal surface, pg — the ground reflecting coefficient, ®s — the angle of incidence respect
the normal to the surface, ®y — the angle of incidence relative to the normal to the ground, Fss
— the angle factor between sky and surface, and Fsg — the angle factor between ground and
surface.

In eq. (1), cos®s and cos®y are strongly dependent on the incoming solar rays
direction; on the other hand the values of Fss and Fsg are barely influenced by beam direc-
tion. Considering that on a cloudy day the total radiation decreases while the diffuse fraction
increases, for small values of cos®s and cos®@y the incremental variation of the diffuse
component can prevail on the reduction of the beam component, carrying out an increase of
the total radiation Is.

In the following sections, a general analytical approach to calculate the solar heat
gain for several weather conditions and latitudes and to evaluate the impact of SHG peak on
the conditioning plants design has been developed by the authors.

Assumptions and preliminary analysis

An approximate analysis can be done using the available equations for the
estimation of the diffuse fraction of total radiation.

Liu et al. [4] first found a correlation, not dependent from latitude and elevation,
between the diffuse fraction Hp/H of daily radiation and a “daily clearness index” K, defined
as Ky = H/Hy, where H is the daily radiation on a horizontal surface, Hy — the daily
extraterrestrial radiation on a horizontal surface, and Hp — the diffuse daily radiation on a
horizontal surface.
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Other correlations were obtained by Orgill et al. [5] (data from Canadian measuring
stations), Erbs et al. [6] (data from USA and Australia), and Reindl et al. [7] (data from USA
and Europe) for hourly radiation. They

found Ip/l vs. kt correlations, where Ky is 1

the 1/l “hourly clearness index”, @p — the N

Ip/l “diffuse ratio”, | — the hourly radia- 1

tion on a horizontal surface, I — the ;5 |

hourly extraterrestrial radiation on a hori- D gfé‘iﬁ'eﬁtaé}f-[%?]
zontal surface, and Ip — the diffuse hourly | — — — Erbs et al[6]

radiation on a horizontal surface.
This three correlations are shown in
fig. 3. They are substantially identical.
The Orgill and Hollands correlation, Figure 3. 1o/l vs. ky correlations
that has been widely used, is given by the
following equations:

0 0.5 k A

1-0.249k; for 0<k;0.35
@ p(ky)=41.557-1.184k; for 0.35<k; <0.75 )
0.177 for k; >0.75

Using eg. (2) the total radiation reaching a surface is expressed as follows:

COS Gy
+D(ky)Fss + ps F 3
c0s6,, (k) Fss + o SG} 3)

152 (ky) = Irokr {[1—€D(kT)]

For vertical surfaces, with free sky view and flat surrounding ground, it is assumed

that the angles factors are:
Fss=0.5 and Fsg=0.5

Figure 4 shows the resulting plot of the ratio Rei = 158 (k) /15 (k; ) vs. ky for
several values of cosf s/cos@ and for pg = 0 and 0.2.

2 cosf g/cosf =0 27

cosf g/cosf, = 0
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Figure 4. Plot of the ratio Ry, = 18™ (k; )/18% (k; ) vs. ky for several values of cosés/cosé,, and for
pc=0and 0.2
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As illustrated in fig. 4, values of Rc. > 1 can occur for kr < 1 when weather
conditions may not represent a clear sky. This effect is considerable for low values of
cos@s/cos® when, generally, the direct component of solar radiation on the given surface
is far from the maximum value lg. Furthermore, the maximum value of R, goes up with the
decrease of ps. Note that if kt =1 (clear day) Rc =1 for any value of cosé s/cosé .

To investigate in more detail this situation, in the following section has been
calculated the hourly SHG through real fenestration, in relationship with the wall orientation,
the day of the year and the hour in the day. The numerical calculation of SHG for clear and
cloudy day have been made by using egs. (1) and (3). All terms in the equations have been
calculated strictly following the method and data given in [1] as better specified in the
following section.

Numerical calculation of SHG for clear and cloudy day

All calculations have been made hourly (from 6 a. m. to 6 p. m.), on the 21* day of
the month with the procedure reported in the appendix.

Clear day

Solar radiation data are given in tab. 1 from [1].

Table 1. Solar radiation data

Month Jan Feb | Mar | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec
'[A\/S\'/mfz] 1230 | 1215 | 1186 | 1136 | 1104 | 1088 | 1085 | 1107 | 1151 | 1192 | 1221 | 1233
Sir mass-1 0.142 | 0.144 | 0.156 | 0.180 | 0.196 | 0.205 | 0.207 | 0.201 | 0.177 | 0.160 | 0.149 | 0.142
C [ 0.058 | 0.06 | 0.071 | 0.097 | 0.121 | 0.134 | 0.136 | 0.122 | 0.092 | 0.073 | 0.063 | 0.057

As is the apparent normal solar irradiation at air mass 0; B the atmospheric
extinction coefficient, and C the diffuse radiance factor for clear day.

It has also, referring to fig. 5:
solar declination &vs. day of the year np:

5 = 23.45sin| 360234+ Mo )
365
— hour angle Ha vs. apparent solar time Ast:
Ha = 15(AsT - 12) ®)
— direct normal irradiance Ipy Vvs. solar altitude £
'DNZJST'M if B<then Iy =0 (6)

— sun-wall azimuth yvs. wall azimuth y and solar azi-
muth f (y and f from south, positive toward east):

Figure 5. Solar angles

y=¥-f (7a)
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The following equations relate the solar altitude g3, the latitude L, the declination &,
the hour angle Ha, the solar azimuth ¢, the angle of incidence of the beam radiation on the
wall ®, and the tilt angle on the wall 2'[1]:

sinf = cosLcoso cosHA + sinLsind (7b)
. cososinH ,
sing=———* 7
¢ cos (7c)
C0s® = cospcosysiny + sing cosX (7d)

Direct (beamn) irradiance and diffuse irradiance

Beam radiation on the wall Ig:
—  Ifcos® > 0 then Ig = IpnCcOS® ; otherwise Ig =0
— Diffuse irradiance on the horizontal surface: Ipy = IpnC
— Sky diffuse irradiance on vertical surface: Ipsy = IpnCY
— Ground reflected diffuse irradiance on vertical surface:

Ipve = (Ipn + IonC0SO p)pcFs = Ipn(C + €0sO y)pcFse (8)

It is assumed Fsg = 0.5 (ground horizontal, reflected radiation isotropic).
In the ASHRAE model, the total diffuse irradiance on vertical surface is given by:

Iov = Ipsv + Iy = Ion[CY + (C + €0sO n)pcFsc] ©)

where Y is the ratio of sky diffuse irradiance on vertical surface to sky diffuse irradiance on
horizontal surface and for clear day may be evaluated as:

If cos® >-0.2 then Y =0.55 + 0.437cos® + 0.313cos’® (10)
Otherwise Y = 0.45.

Peak solar heat gain

— Transmitted component:
SHG; = 157(@) + 157 (12)

— Absorbed component:
SHG, =1ga(@) + 1pa (12)

7(®) and a(®) are the transmission and absorption coefficients of the fenestration as

a function of ®; 7 and a are the average values: 7(®) and a(®) may be expressed in
polynomial form as [1]:

(@) =35 t,co8? @ T = ZZj 0] b 5 (13)
=034
and
a(@) =35, cos’ @ a=23" & (14)

1=073+4+2
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Table 2. ASHRAE standard double glass For an ASHRAE standard double glass the
coefficients for egs. (13) and (14) coefficients t; an a; for the polynomial expres-

3 : sions are given in tab. 2.

J 4 The SHG factor in clear day is finally given
0 -0.00885 0.01154 by:
1 2.71235 0.77674
2 -0.62062 -3.94657 SHGCLEAR = SHGT = NSHGD (15)
3 707329 8.57881 where N is the inward flowing fraction of the ab-
4 9.75995 ~8.38135 sorbed radiation. Here it has been assumed N = 0.3.
5 —3.89922 3.01188

Cloudy day

Equations (4)-(7) and the nomenclature given in section 3.1 remain the same. To
calculate the beam and diffuse components the Orgill and Hollands correlation was used. It
was slightly modified to obtain that in clear day condition Fp(kt) values in the Orgill and
Hollands correlation were the same that in the ASHRAE model in the same month and hour.

For the ASHRAE model the hourly clearness index in clear day kg€ (m,h) is given by:

Ion (C +cosBy)

k Slear m,h —
g (m, h) AcosO, (16)
and the corresponding @y (k) value:
@9 (m,h) = lon© (17)

Ipn (C+cosBy)

Using (16) and (17), the new correlation @&, (k;) can be expressed as:

1-0.249k, for 0 <k; <0.35and k¥ > 0.35
~ @ger —0.913 |
@ g for ky > 0.75 or ky > kgear

The solar heat gain was then calculated with the procedure given in appendix A.
Results

SHGcLoupy Values were calculated on the 21% day of each month, for latitudes
between 35° and 55° north, for surfaces facing the eight cardinal orientations and the
horizontal surface. For example, results for latitude of 48° north are given in tabs. 3 and 4.
Data carried out from model were formatted in the same manner of that presented in [1] for
each month, hour and orientation, for clear and cloudy conditions. Calculations were made for
pc = 0.1 (bituminous parking lot) and pg = 0.2 (green grass) as suggested by Threlkeld [8].

The tables carry out the SHGc oupy Values in relationship with different format.

Precisely:
— if 1 <SHG¢Loupy/SHGcLgar < 1.25 underscored
— if 1.25 < SHG¢oupy/SHGc gar £ 1.5 italic

- if 15< SHGCLOUDY/SHGCLEAR bold italic
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The results reveal that:

— Comparisons between SHGc oupy and SHG¢ ear shown that the values of the former of-
ten exceed the latter, particularly for the smaller values of the ground albedo. The incre-
ment between respective hourly values was often a tenth percent but in some case was
twice and more. Nevertheless, for all considered expositions, excluding north exposition,
the maximum daily value occurs for clear condition so the clear day remains the conserv-
ative condition for computing the peak solar heat gain.

— For north exposure the behavior is dif-
ferent. Indeed SHG¢ oupy IS never low-
er and in nearly every case, notably in
peak condition, greater than SHG¢| gar.
Figure 6 shows the evolution of
SHGCLOUDY and SHGCLEAR for the
month of June, at different times of day.
As it can be noted, for SHG¢ oupy the
peak value occurs at noon while
SHGcgar has the maximum values at
early morning or in last hour of the
evening, i. e. when the conditioning
plant is off. For this reason the differ-
ence between the peak values occurring
during the seasonal period of operation

150 —SHGC"%’Y
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Figure 6. Evolution of SGH™ for clear and
cloudy day for the month of June, for a wall
facing north

of the conditioning plant can reach 70-90 W/m?2. The time range shown in fig. 6 corres-
ponds with the typical working time of an office building, from 08.00 to 17.00.

Therefore, for north exposition, if the value of fenestration heat gain is a valuable

part of the total sensible heat gain, the assumption of clear day cannot be a conservative

condition.

A better representation of the situation
described above can be made plotting the
values of the maximum difference between
SGH{ga —SGHgar as a function of the
latitude and the exposition, as shown in the
following figures.

Figure 7 describes SGH &, —SGHR:
distributions for latitudes range between 0
and 60°, with exposition purely north. It is
observed that this difference is small for low
latitudes while is more pronounced for
latitudes between 20° and 35°, decreasing
gradually for high latitude values until to 60°.

In fig. 8 is presented the maximum

deviation from north exposure so that the difference SG e —
different latitudes. At low latitudes the difference SG

_ Ground albedo = 0.1
“\‘E 100 - Working time 8-17
S -
ES
I
O
1%}
1 50
53
ES
[©)
I
123
< L
s 0

T
40 50 60
North latitude [°]
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exposure close to the north. At major latitudes, it is noted that this difference increases with
the angular distance from north, until to 32° W or 13° E. The different behavior shown for
west and east expositions is due to the choice of an asymmetric working time respect to the

noon (fig. 6).
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Table 3 =0.1; L = 48°
Direct Solar heat gain factors, Wim’
s Sy normal E E SE ’_LS T N Hor Solar
° time  imagiaton time
AN wim? Clear Cloudy Clear Chudy Clear Cloudy | Clear Cloudy| Clear (Cloudy (Clear Cloudy Clear Cloudy | Clear Cloudy PM
[ T8 3 8 10 10 84 &4 102] 102 58 58 3 & 3 & 6 o 4
s 582 18 a1 18 31| 365  ses| 53| 54| 400 avo 21 31 18 81| 78| 18 a
Jan2i 1o 7% 21| 49 27 49| 22| 623 674 o674 603|608 148 149 21 48] 173 13 2
11 825 31 60 31 60 153 153 545 646 T24 724 353 353 31 60 243 243 1
12 845 33| 64 33| l"_ 33_ 64 529 523 761 761 529_ 529 33_ 64 268| 268 12
8 557 18 30 1mi| 10s 455 4s5| S50 511 252 252 18 se| 18 30 18 30| 714 74 4
] 778 20| 4] 22 64 56| 519 715 715 479| a0 20 &4 20| 64| 20 &4 205 205 3
10 363 36 73 36 73 3497 397 750 750 640 G540 M5 115 36 73 36 73 326 32 2
11 a10 40 as 40 85 184 184 680 880| T40 74D 339 333 40| 85 40 85 404 404 1
12 921 42 89 42 89 42 89| s 538 774 774 536 538 42 B9 42 89| 431 431 12
7 47 17 26 241 241 ass  asa| 3% 376 81 61 17 26| 17 26 17 26 61
) 742 31| 86 224 224 632 632 641 oat| 249 240| 31 56| 31| 68 31 8 210
Mar 21 854 41 a0 76 20| 592 592 733 739| 436 436 41 20 41 8a 41 20 363
a0 48 99 48 99 438 433 73 731 579 579 74 105 48 99 48 99 4%
" 93 51 11 51 111 206 212| 642 642| 669 1= 275 275 51 kik) 51 111 567
12 943 53 w6 53 & 53| m& 4s 487 700| 700|487 431 58| ms| 53 115 582
] 342 32 32 268 268) 335 33 2m 201 186 22 16 22 16 22 16 22 468
T 649 34 81 4 409 621 821 461 481 39 53 34 a1 34 &1 34 a1 180
8 783 45 79 334 334 676 578 B05 B80S 157 1587 46 79 46 79 46 79 361
Apr2t g 851 55| 10z 1es| 178 601 o601 oeo| e60| ata| ata| 55 102| 58| 102] 55 162 510
0 888 01 120 61 120 440 a0 635 o035 446 as6| 61 120 61| 12| 61 120| 622
N o0 55| 132 65 132 214 223 542 542 58| 29| 1e7 217 65 132 65  132] 683
2 912 56| 135 66 135 06| 135 38 3e4| 559 558 B4 364| 66| 435 66 135 7T1a| 718 12
6 518 106 106 ea1] 441 502 s 261 261 81 40| 31 40| 31 40| 31 40| 13 13 5
7 595 51| 60| 483 aes 65| 659 43| 435 46| 69| 46 68| 46| o8| 46 68| 201] 201 s
8 787 57 84 400 a00| 671 671 543 543 66 10 57 94| 57 94 57 04| 454 454 s
May21 o 839 55 16 23 238 597 587 Se0 580 216 221 65 116 65 416 65 116 581 591 4
10 869 71 133 32 135 478 478 550 550 334 334 71 133 71 133 71 133 596 59 2
11 a8 75 143 75 143_ 215_ 243 4% 4540 413 413 121_ 158 75 143 75_ 143 763 77 1
12 35 76| 147 76 147, 76| 147 31| 308 440 as0] 301 306 76| 147| 76 147 785 785 12
i 547 13| 128 481 a8t 52| 52 2% 258 38| 47| 36 47| 36 47| 36 47| 163 16 &
7 Ga7 B6, 89 sm 508 655 555 413 413 51 74 51 74 51 74 51 74 326 3% 5
8 779 82 99 41 42]_ 5@_ 553 510 510 73 102 52_ 99 52| 99 52_ 99 482 47 4
dre 21 g am 70| 120 250 2% 55| 575 542 542 10| 100 70 120 70| 10| 70 120 614 6 3
0 554 75| 136 o6 t42| 4,| a2, 510 510 288 gﬁ 75 13| 715 1% 75 136 716 716 2
" 369 79| 146 19 145 214 245 418 416 363 a3 107 14| 78| 446| 78 146 780 710 1
12 B73 80 1580 30 150 80 150 263 ZEI 389 389 I68 ZEI 30| 1580 80 150 801 3mM 12
5 491 107| to7| 423 428 4ss| ass| 2% 252 32| a0 32 g0l 32| a0l 32 aq 12| 12 6
7 568 54 70 479 478 641 641 4 424 49 sﬁ 49 68| 48| 68| 49 68| 200] 200 s
s 78 50| 84 2% 366 6% 659 531 531 66 12 60 94 60| 94| 60 94 450 450 4
duy 21 g 313 58] 416 23 24l 575 598 56 564 213  21a 68 115 68 415 6a 115 se4| S8 4
10 843 T4 132 36, 136_ 42‘_ 424 540 540 323 328 74_ 132 74 132 74_ 132 888 688 2
" 45 78] 142 78 142 216 242 447 447 405 405 121 155 78| 142 78 142 753 753 1
12 554 79| 146 79 148 79| 146 207 302 432| 4s2 207 302 70| 446| 79 146 775 175 12
6 26 31| a1 233 238 2er| o2er 178 178 18| 22| 16 22| 18 22| 16 22| 41| 47 &
7 505 37 51 388 388 5385 585 434 434 42 52 37 a1 37 &1 37 a1 187 187 5
& 732 51 78 3m 3%_ 549_ 549 581 581 156 156 51_ 78 51 78 51_ 78 354 MW 4
Aug21_ 9 s 50| 101 171 178 5s| 584 633 638 307| 307 60 10| 60| to1| 60 101 400 40 3
0 341 57 #1967 199 432| a3 619 613 436 435 67 119 61| 419 67 119 60 608 2
" 361 70 13 10 13 216 2m 53 530 517|517 es 215 70| 43| 70 130 eva| 678 1
12 A6T 12 134 72 134 72 134 378 378| 545 545 378 378 72 134 72 134 701 im 12
7 410 18| 26 217 217 395 395 335 335 56 56 18 26 18| 26 18 26 61 61 5
8 679 35 54 215 215 592 592 599 509| 235 235 35 54 35 54 35 54 205 205 4
- 705 45 78 78 ga Ses  Ses| 7o3 703 416 416 45 78| 45 78 45 78| 350 3% 2
10 a52 52| 97 52 97 43 473 im 701 556 H56 76 T4 52| 97 52 97 477 477 2
" am 56| 109 56 109 206 2 618 513 644 G44  I69 269 56 109 56 108 550 S50 1
12 887 57 113 57 113 57 113 471 471 674 674 471 471 57 113 57 113 575 575 12
5 e 18 28 92 82 400 400 451 451 226 226 18 28| 1s 28 18 28| 68 66 a4
a 718 30 82 32 82 43| ass 671 671 453 453 30 &2 30| &2 30 &2 18| 191 4
o021 _1p 818 as| 71| ss 71 sso| sm| 717 717) e1s|  e1s| 114 14| 38| 71| 38 71| 08| s 2
1 B8] 432 82 42 82 180 180 655 655 T14 714 331 33 42| 82 432 22 384 384 1
12 872 44 86 44 95_ 44_ 86 521 51 743 T48 521_ 51 44 86 44_ 26| 410 410_ 12
8 73 2| 3| 77 eo| eo 73 73 42 42 2 3| 2| 3| 2 3 s 7 4
5 548 1830 18 30 3as e43| 517 517 are| a0 21 so| 18| 30 18 30| 74 74 3
Mor 21 1p 75 21| 48] 27 48| a12| 312 e51| 651 58|  6es| 147 147 21| 48] 27 48| 165 1665 2
11 798 32 59 32 5]_ 15]_ 150 629 629| 705 705 345_ 346 32| 59 32_ 58 234 24 1
12 318 33 63 33 €3 33 €3 51 517 743 743 517 517 33 63 33 63 258 2% 12
5 44 13 22 13 22| 2w 20| am| 42[ 315 315 19 13 22 13 22 a3 a1 3
Decay 10 679 22| 39| 22 gl 2m1| 281 ewo 6o0a| 569 560 149 1aa| 22| se| 22  se| 120 12 2
783 27 51 27 51 136 135 608 B608| 687 687 342 342 27 51 27 51 183 183 1
12 74 29| 54 24, 5‘_ 29 54 506 506| 727 727| 506] 506 29| 54 29 54 206 206 12
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Table 4 = 0.2; L =48°
Dieet Solar heat gain factors, Wim *
o normal N NE £ SE =w w N H Solar
Date  fime 3 or time
AM. Wim clear cloudy |clear |cloudy |clear |cloudy |clear | cloudy [clear cloudy clear | cloudy |clear |cloudy clear |cloudy |clear | cloudy PM .
3 108 3 5 N 1] 84 84| 102 102] 58 58 3 ] 3 5 3 5 [ a9l 4
) 562| 24 34 24 34| 371 371| 554 554 406 406 27 35| 24 34 24 34| 78 73 3
Jan21 10 75 37 55 37 55| 3 33| 685 685 618 618 160 160 37 55 a7 55 173 173 2
i 825 45 69 45 69 167 167| 660 660| 737 737 367 367 45 69 45 68 245 243 1
12 B45| 48 73 48 73 48| 73 544 544 778 776 544 54 43 73 48 73 288 288 12
8 557 23 33 mal 10| 461| 461 516 518 287 287 23 33| 23 33 23 33 14 74| 4
) T8 41 61 44 62| 528 528 727 727| 491 491 41 61| 41 671 41 &7 205 205 3
10 s3] 53 83 53 83| a15| aw| 767 7e7| sess| ess| 122 132 53 @3 s3] 83 am 3z 2
1 atg| 61 97 61 97| 20| 205 700, 7o0| 761 761 3% 359 61 97 61 97| 404 404 1
12 az 63 102 63 102 63| 102| 560 560 796| 786 560 560 63 102 63 102 431 431 12
7 471 21 29 246] 246 448| 448] 38| 381 66 66 21 28| 21 29 21 28 &1 61 5
3 742 44 62 236 236 644 644| 653 653 261 261 44 62 44 62 44 62 210 2100 4
Mar 212 E54) B0 81 85| 104 61| 611 758 758 454 454 60 94| 60 91 60| 99 368 368 3
ar 10 ga| 71 113 71|  113| 462 462] 755 755 603 603 9% 71 M3 71 113 491 a91| 2
" 935 70 1277 79 127| 233| 236 660| 669) 606 666G 302 302 79127 78] 17 567 567 1
12 043 81932 81| 132 81| 132 515 515 726 7 515 515 81 132 81| 132 sw 582 12
[} 342 35 35 M2 272 33 330) 204 204 19 25 19! 25 19 25 18, 25 46 438
7 649 45/ b8, 420 420 632 G32) 472 472 00 80 45/ 58 45 58 45 58 19 190 5
& 7e3| B4 90 353|353 as| 6| 624 62| 175 175 64 90| 64 90 64| 84| 361 361| 4
Apr21 o 851 80 117 192| 199 626 626 684 GB4| 338 338 80 17| 80 117 80| 17| S 510 3
10 BE8 91 138 91 138 460| 460 665 665 476 476 91 138 91 138 91 138 622 622| 2
11 a07| 87 481 97| 44| 247| 253 574 574| 562 562 218 242 97 181 97 181 6% 683| 1
12 913, 100 186 100 166 100 7186 418 418 501 501 418 418 100 166 100 18 718 78] 12
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In fig. 9 is plotted the evolution of
SGHggay —SGHder Vvarying the wall expo-
sure from north to west, for different values
of latitudes. The curves show a similar
behavior in which there is a peak value that,
increasing deviation from north exposure,
decreases until to zero. This trend is more
pronounced for high latitudes. In the lati-
tudes between 15° and 35° the peak is in
correspondence of an exposure deviation of
about 4° from north. For major latitudes the
peak disappears but, in a significant range of
angles of exposure, the difference
SGH gy —SGHdier seems to stabilize on a
constant positive value before to decrease to
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varying the wall exposure

zero. So, also for wall exposure not strictly facing north, care must be taken for evaluating
SHG in clear day condition because, as described, could not be the most conservative
condition for a correct calculation.
Note that the procedure search for the maximum value of SHG¢ oopy in the range 0
< kr < 1. For the extreme case kr = 1, it is SHG¢ oupy = SHGc_ear (see fig. 4). This is why in
tabs. 3 and 4 SHGcoopy appears never smaller then SHGcear.

Nomenclature
Ag — apparent normal solar irradiation at air
mass = 0, [Wm™]
Ast  — apparent solar time [hours]
a(@) - absorption coefficient for beam component
a — absorption coefficient for diffuse component
B — atmospheric extinction coefficient,
[air mass-1]
C — diffuse radiance factor (clear day), [-]

Fsc - angle factor between ground and
surface, [-]

Fss - angle factor between sky and surface, [-]

H — daily radiation on a horizontal surface
[wm]

Ha — hour angle, [dec. degrees]

Hp — diffuse daily radiation on a horizontal

surface, [Wm™]
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Ho — daily extraterrestrial radiation on a horizontal ~ SHG+ — solar heat gain transmitted

s
len

surface, [Wm?]

hourly radiation on a horizontal surface,
[wm?]

beam radiation, [Wm™?]

beam irradiance on the horizontal plane,

component, [Wm?]

SHGcear — Solar heat gain in clear day, [Wm™]
SHG¢ oupy — Solar heat gain in cloudy day,

Y

[(wm]
— ratio of sky diffuse irradiance on

[Wm?] vertical surface to sky diffuse

Ib — diffuse hourly radiation on a horizontal irradiance on horizontal surface
surface, [Wm °] Greek letters

Ibgv — ground diffuse irradiance on the vertical
surface, [Wm?] B — solar altitude, [dec. degrees]

Ion — diffuse irradiance on the horizontal plane, y sun-wall azimuth, [dec. degrees]
[Wm?] 1) solar declination, [dec. degrees]

Iow  — direct normal irradiance, [Wm?] Oy angle of incidence relative to the

Ipsy  — sky diffuse irradiance on the vertical surface, normal to the ground, [dec. degrees]
[Wm?] Os angle of incidence respect the normal

Ioy - total diffuse irradiance on the vertical to the surface, [dec. degrees]
surface, [Wm™] G ground reflecting coefficient, dim.less

Is — total radiation, [Wm?] X tilt angle from the horizontal

Ity — total irradiance on the horizontal plane, [Wm™] [dec. degrees]

ly — hourly extraterrestrial radiation on a T transmission coefficient for diffuse
horizontal surface, [Wm™] component, [-]

Kt — daily clearness index, [-] () transmission coefficient for beam

kr — hourly clearness index, [-] component, [-]

L — latitude, north positive, [dec. degree] Dp diffuse ratio, [-]

N — Inward flowing fraction of the absorbed ) solar azimuth [dec.degrees, from south,
radiation, [-] east positive]

Np — day of the year, [-] 14 wall azimuth, [dec.degrees, from south,

SHG, - Solar heat gain absorbed component, east positive]
wm?]
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APPENDIX

Calculation procedure for SHG .

— |y = total irradiance on the
horizontal plane;

— lgy = beam irradiance on the
horizontal plane;

— lpy = diffuse irradiance on the
horizontal plane.

— It is assumed Fsc = 0.5 (ground
horizontal, reflected radiation
isotropic).
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For each month m,
time h and orientation

Initialize
SGH,, =

Explore the range of cloudiness 0-1
in 50 equal steps
KT = ik/50

f

Calculate the total irradiance on the horizontal plane I,
b = ki(m,h)Ascos(@,)

Evaluate ¢p, from eq. 18
Calculate the diffuse irradiance on horizontal plane I,

Io = o
Calculate the beam irradiance on de horizontal plane /5,

fg= It — Ion

Calculate the beam irradiance on the wall /g

Yes

| Iy = I (@)cos(@,,)

.

4

Calculate the diffuse irradiance on the wall
(from sky + diffusely reflected from the ground

Ip = lpnY + Fegpallon +en)

Calculate the trasmitt. component SHG
SHG; = Igt(@) + I57

Calculate the absorbed component SHG |
SHG, = lgal@) + Iha 1

Update ik
ik=ik+1

Calculate SHG for the current value
of the clearness index ky
SHG = SHG; + SHG,,

Update SGH,

max
SHG,x, = SHG

max

No

Yes




