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ABSTRACT

In this paper the authors present a novel parameter
for the evaluation of the building thermal loads due
to the solar radiation incident on the glazed surface.
The parameter is the Solar Response Factor, defined
as the overall convective heat flux released by the
building envelope to the occupied space per unit
cyclic radiant heat flux acting on the outer surface of
the glazing. The Solar Response Factor is a complex
number, that depends on the frequency of the cyclic
excitation and that can be expressed as a combination
of the thermal and the optical properties of walls and
glazing. When the solar radiation can be described as
a periodic function, the definition of the Solar
Response Factor allows an easy estimation of the
building thermal loads due to solar gains.

The paper also discusses how the Solar Response
Factor depends on the optical properties of the
glazing, on the size of the windows and on the type
of walls delimiting the enclosed space. Finally, the
reliability of this approach is proven through
comparison with a series of simulations carried out
on EnergyPlus.

INTRODUCTION

Summer thermal loads of buildings are highly
affected by solar heat gains. However, it is not easy
to accurately handle these contributions, because of
both the twofold nature of the heat they bring in
(convective and radiant) and the quite complex
mechanisms they activate within the storage mass.
More in detail, the solar radiation penetrating through
the glazing is firstly absorbed by the inner surface of
the opaque envelope components. Then, the absorbed
heat is partially re-emitted towards the indoor
environment, due to the surface overheating: only the
convective part of such thermal emission determines
a thermal load for the indoor air. Furthermore, in
order to assess the thermal load, one must not forget
the radiant energy absorbed by the glass itself and re-
emitted to the indoor environment by its inner
surface.

In the majority of the simulation tools these
mechanisms are treated quite rigorously, which
implies a certain computational effort. However,
despite the complexity of the problem, it would be
interesting to define a transfer function that could

estimate, with good accuracy, the thermal loads due
to solar heat gains. Some attempts were done in the
past in this sense. For instance, the thermal storage
factor was defined in the context of the Carrier
method (Carrier, 1962) as the ratio of the rate of
instantaneous cooling load to the rate of solar heat
gain. This factor has to be determined through
appropriate tables depending on both the weight per
unit floor area of the opaque components and the
running time. Therefore, its use requires interpolation
among tabular data; furthermore, it is rather rough
because it does not account for the actual sequence of
the wall layers, and it lacks of any theoretical basis,
as it results from numerical simulations.

In this paper, a substantially different approach will
be proposed. This approach is developed in the
framework of the Admittance Procedure, a
methodology built up in the early Seventies, where
the dynamic heat transfer through the opaque walls is
assessed by means of the so-called dynamic thermal
properties, as discussed by (Loudon, 1968)
(Millbank et al, 1974) and (Balcomb, 1983 a/b).
Amongst these dynamic properties, the literature
mentions the Surface Factor as a parameter to
evaluate the dynamic thermal response of building
components to any radiant heat flux acting on them.
However, to the authors’ knowledge, little reference
is made to this parameter in the whole scientific
literature (Beattie and Ward, 1999) (Rees et al.,
2000), while its definition has been only recently
recovered in the CIBSE guide (CIBSE, 2006) and in
the international Standard ISO 13792:2012. In any
case, the surface factor is not integrated in the most
common simulation procedures. In the following, the
Surface Factor will be used as a basis to introduce a
dynamic parameter, called Solar Response Factor,
that allows an easy but accurate calculation of the
thermal loads due to solar heat gains.

THE SURFACE FACTOR

According to the definition provided by (Millbank et
al., 1974), the surface factor F quantifies the overall
rate of heat flow released by a wall to the indoor
environment (§;) per unit radiant heat gain absorbed
on its inner surface (§,), when the air temperatures
on both sides of the wall are held constant and equal
(%:=06,=0). The symbol “~” refers to sinusoidal
functions and indicates their deviation from the mean
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value. So, with reference to Fig. 1, one can state Eq.
(1), where ¢ is the radiant heat flux acting on the
inner surface of the wall as a result of the radiant
energy transmitted through the glazing and « is the
mean solar absorptance of the walls:

"1l . Tad o

In order to get an operational expression for the
surface factor, one can consider that the thermal
energy absorbed by the wall is re-emitted towards the
internal (T,) and the external environment (Tz): under
the hypotheses that =6 = , the ratio of these
contributions equals the inverse ratio of the
corresponding thermal impedances. This leads to the
following expression:

TL=0!'¢;'(:_::VLJ=TDEV'[ _%j (2)

At this stage, one can remark that the thermal
impedance = between the surface of the wall and the
indoor air is purely resistive: thus, =; = 5;, being 5
the inner surface thermal resistance. Moreover, the
reciprocal of the wall thermal impedance = is by
definition the thermal admittance <. Such positions
yield the following expression for the surface factor:

e 3)
P
o =%~DUFWDQ(—5H8§] 4

The definition given in Eq. (3) corresponds to the one
provided in the CIBSE guide and in the international
Standard ISO 13792:2012. The thermal admittance
can be calculated according to the ISO Standard
13786:2007. The result of Eq. (3) is a complex
number, that can be quantified in terms of amplitude
and argument. The latter can be assessed through Eq.
(4), and will always result negative, which indicates a
delay of the wall response to the radiant heat flux
acting on it.
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The period of the cyclic excitation is usually 3 =24 h
in building simulation. With reference to the mean
value of the cyclic excitation, a VIDILRQDU\ VXUIDFH
IDFIRU can be defined as well, by using the wall
thermal transmittance 8 in place of the thermal
admittance < :

)_ = -8 5VL (5)
THE SOLAR RESPONSE FACTOR

According to its definition, the surface factor ) is
useful to measure the dynamic response of a wall to a
radiant heat flux acting on it. Now, it is our intention
to extend the analysis to the whole envelope of a
room, so as to define a relationship between the
thermal loads and the solar radiation impinging on
the glazed surface.

In order to get an operational definition for the 6RIDU
5HVSRQVH )DFIRU, let us first consider that the rate of
thermal energy admitted into the enclosure due to the
solar radiation available on the glazing is composed
of three contributions:

- IKHUPD0 HQHUJ\ WUDQVPLINHG GLUHFIO\ IKURXJK WKH
JID]LQJ (short-wave radiation, A < 3 pm): it is
proportional to the solar transmittance t, of the
glazing, and can be calculated by Eq. (6), where y
is a coefficient that accounts for any shading or
obstruction intercepting the solar radiation (3<1):

W, = Z(TJ : 1~J -$ 'XJ) (©)

IKHUPDO0 HQHUJ\ DEVRUEHG E\ WKH JODJLQJ DQG
UHOHDVHG E\ LUUDGLDILRQ EN LIV LQQHU VXUIDFH (long-
wave radiation, A > 3 pm): the solar radiation
absorbed by the glazing is partially re-emitted
towards the indoor environment, proportionally to
the difference between the J-value and the solar
transmittance t,. In order to isolate the radiant
component of this contribution, one can adopt
Eq. (7) and Eq. (8):

UJU:(JV_TJ)'[U (7
\TIU:;(UJU"NJ'$J'XJ) ®)

IKHUPDO HQHUJ\ DEVRUEHG E\ WKH JOD]LQJ DQG
UHOHDVHG EN\ FRQYHFILRQ RQ LIV LQQHU VXUIDFH: here,
in order to isolate the rate of convective heat flux
re-emitted by the glazing towards the indoor
environment, Eq. (9) and Eq. (10) can be used:

UJF:(JV_TJ)'[F 9
\TIF:Z(UJF’:J'$J‘XJ) (10)

In Eq. (7) and Eq. (9), [ and [, measure the rate of
the heat flux exchanged respectively by convection
and by irradiation on the inner surface of the glazing
([ + [=D.

Now, let us introduce the 6RIDU SHVSRQVH )DFIRU Q.
It can be defined as the overall convective heat flux
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UHOHDVHG WR WKH LQWHUQDO DG&UVEWURE ®W.IORXH B IVW K D MR RU WM R U J\
HQYHORSH SHU XQLW F\FOLF VRODWD ]LQU DIEQ® QAH HRMY MG R\WWEKFHFZROXG0.

RXWHU JOD]HG VXUIDFH IRU WKH UDWH Rl UDGLDWLRQ HVFDSL(
. - GXH WR WKH WUDQVSDUHQF\ RI WKH J
e Ay e A (T DSSOLMHVA; KHKBHDVXUHYV WKH
- - = IUDFWLRQ RI JOD]JHG VXUIDFH WR WKH
" HQFORVHG VSDFH 7KH KLJKHU LV V
g

UIDFH WKH PRUH LPSRUWDQW LV WHK
,Q (T I, LV WKH VRODU LUUDGLDQFH LOQFLGHQW RQ WKH

JOD]JHG VXUIDFH L H WKH VXP RI WKH/ Gl!ll)gVHfDQG’ WK H

GLUHFW FRPSRQHQW /HW XV RE 7 [{ WKHL H WR
WR WKH GLUHFW VRODU UDGLD¥ R MV FE%% QHU
ZLQGRZ{WDV ZHOO DV WR WKH U g k| RQJ ZDYH UDGLD!

HPLWWHG E\ W,KI-WK(XD]I]QQHUDWL LD(?J DV
IOX[ UHVSHFWLDI#Q\D@E.L FHHQHE
LW LV XVHIXO WR GHILQH WKH IRO?FZL[,Q‘] SDUDP!;LW‘HLJ\[A ~

:q | A ’ _}vt, Atm " Atm
;X +RZHYHU WKLYV LV WKH RYHUDOO UH)
Y ZKHUH WKH FRQYHFWLYH DQG UDGLD
:éwchNAw FRPELQHG WRJIJHWKHU ,Q RUGHU WR
[ B — FRQYHFWLYH¢RRAFIRQXEKXW KHDW 10 X[
v, UHTXLUHG E\ WKHRGHLEFKOQVREYHJUYH W
1RZ E\ XMLQJ DQG (TLQ (T W FRQYHFWLYH DQG WKH RYHUDOC

ODWWHU FDQ EH H[SUHVVHG DV $QRERUWLRQ DX FWRQWK}) UHVSHFWLY
IRU WKH GHILQLWLRQV SURYLGH®HWLYWDQFHV +HQFH (T 4 FDQ EH
W s DQig DUH WKH VXUIDFH KHDW\WUDQVIF

v e W T rgc FRQYHFWLRQ DQG UDGLDWLRQ UHVSH
Lo, b ~ Ly A" ~ W Kebinbined heat transfer coefficient hg ZKRVH
fog b oE & &, g,g g UHFLSURFDO LWHKWKIHO VIXHVD V¥ WH Q F H
gWT Ty T XVH RI (T DQG (T LQ (T OF
: e f RSHUDWLRQD O : I;RSURYOQLBW IGR IQQR(IT

,Q WKH SUHYLRXD @@DXHVWR DN YDU\LQ

DV WKH\ GHSHQG RQ WKH DQJOH RI JFLGJ*H@FI—A qu‘\}v&H Riropu
UDGLDWLRQ RQ WKH JOD]LQJ +RZHYHU LQ WKLV ERQWH[W
WKH\ ZLOO EH DVVLJQHG D FRQVWDQW YDOXH* b0PHO\ WKH

RQH KROGLQJ IRU WKH GLIIXVH UDGLDWLRQ i

The calculation of : and : $V FRQFHUQV WKHWFDIEDIFFX(GDWLRQQFHI

'O RUGHU WR HYDOXDWH WKH s'b[bcb V¥ D& | SHN (RY WKH HY]
DQG (T RQH QHHGV WR7$'#QGR|49<PW WIGYH R H L WKDW LQ W

GLVWULEXWLRQ RI WKH UDGLDB® KrHOw |OM’ZQVF98\'K/%Q@AW%HNZ<HH WHL
HQFORVXUH ,Q WKLV SDSHU WRN H GHDPLIFLKQN KISRKWVKKRUW IADYH UDGI
DGRSWHG DFFRUGLQJ WR ZKLF N KHKHR QWKRHALEDIOH SRZWU R Q

HPLWWHG E\ D UDGLDQW KHDW VRXUFH LQ D@sHRFORVHG VSDFH

LV HYHQO\ GLVWULEXWHG RYHU WKH .Z DFH RI

WKH HQFORUXUMHDGY WR WKH IROOR'ZLQJWHT/XDWLRQ DA, ~

IRU WKH IOX[ FLUFXODWLQJ ZLWISbQFW6EIOI-£(Q/ %%VWIFH UHSODFHPHQW F

¥ \ LQWR (T SURYLGHY DQ RSHUDW
] U4 F D OF X O D WYoRQRespdnsWhattor : RI WKH
A*lot

ORVXUH FFRUGL QG VBRI Q @/ R I L
+HUH LV WKH ZHLJKWHG DYHUDJHQUHIOHFWLY$L V&g @ @ILQ

HQYHORSH :KHQ (T Lv pssolHg! W&k 'ﬁ\@w\z%W‘m "HQFORVXUH
UDGLDWLRQ RQy FDQ DGREWRWK ZV[K(b'lol@SWLFDO SURSHDWLWY RI WKH F

DQG JOD]LQJ DUH RSDTXH aVR LQIUVPKH 8 UADAHRQF A RVKVKDGRLQJIV DQG RE
PP 2Q WKH FRQWUDU\ ZLWK UHIHMKIKAMKWRPRER WL DO FSURSHUWLHYV
UDGLDWLRQP L H ZKHQ DVVHVVRIQHFWKMKH FDOFXODWIFRQ RI WKH V:

WKH FRQYHFWLYH DQG UDGLDQW VX

$FFRUGLQJ WR WKH ,62 6WDQGDUG  FRHI|WHHDAREWRFEWWK WKH ZDOOV D
K\SRWKHVLV LV UHDVRQDEOH DV ORQJIJRMO YKy DYHUDJIH UHIOHFWLYLW\

RI WKH HQFORVXUH LV QRW ORZHU WKDQ
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6 L Q F HSoMF REsponse Factor @ GHSHQGV RTKM KHHWDLOV FRQFHUQLQJ WKH FRPS
6XUIDFH )DFWRU LW LV D FRPSOERRXVEMNYGH FHLIOL\VHE DU H UHSRUWH
WHUPV RI P SIDQ® OGH XPHQW ZKHUH WKH YDOXHV RI WKH FRUUHVSR
,Q DGGLWLRQ LW LV SsF&thalzyEOl—F \RRHGDA‘?MB SWRHELGHG . Q WKH FDOF X
solar response factor @ WLV D UHDO EJWX)@M‘H@"”DVZKHUHDV WKH RWKHU!
REWDLQDEOH WKURXJK WKH VDS%LIV@WdEYWSLR DA iR HDWH BSDTXH
IR EXW MXVW UHSODFEQILWK HVEKRUY D Wik Hp\e F&"UVKRUWZZDYH DEVRUSW

stationary surface factor - VHH (T JIXUWKHUPRUH WKH URRP LV HTXLSSH

. ZKRVH ML]H LVP ZKLFK FRUUHVSRQGV V
UsmgtheSolarResponseFactor RI WKH ZKROH HQXHORSH TKKHUIDFH
7KH XVHIXOQHVV RI WKH 6RODYLEBRIRIOYWH D) DFRKEWHLVOD]LQJ ILOOH
WZRIROG WKHUPDO WUPQVPLIRVMWD@KH RSWLFDO

LW DOORZV WR FODVVLI\ EXLOILRSIWUML it OBMMOARXED DM HEKBIEFRUGLQ
UHVSRQVH WR WKH VRODU UDXGMWIXWURIHUE\QPHDOR GUIIXVH UDGLDWL
FRXSOH RI SDUDPHWHUV DPSOLWXGH DQG _SKDVH

LW DOORZV WR SUHGLFW WKH WKHgUPDO OgDGV G‘%zH

WR VRODU
UDGLDWLRQ LQ WKH WLPH GRPIMKH WRORXP®L WL HQZRHWK@RVRODU
VLPSOH RSHUDWLRQV REVWUXF LRQ RU VKDGLQJV ¥HUH FRC(

WKH WKHUPRSK\VLFDO SURSHUW % é ULYH U

RQH PXVW DSSO\ WKH )RXULHU

H[FLWDWLRQ L H WKHQVFROBQW

JOD]LQJ VWHHWHWKH KDUPRQLF KHQ “BJHGD“D][L@J Z(LDW'KQJ

)LQDOO\ WKH WLPH SURILOH R|\(/\Y\k'¥|QWRH9FJ'bPoL\bVFé-d/éW\FDQ EH

DVVHVVHG WKURXJK (T Z K Klidalon W kablprdp&add mBa@ L F

FRPSRQHQWYV RI WKH UHVSRQVH DY VXERRASH R WBYWERSH 1RXxU GLI

RUG HN) ZHUH FDUULHG RXW VR DV WR LQYHV\

H[SRVXUHV RI WKH JOD]JLQJ 7KH ZHDW

0. (1)= {QI+ZIQ|| cos(—tﬂpmﬂ DYDLODEOH RQ (QHUJ\30XV IRU &DWDQ

W LV WR EH UHPLQGHG WKDW QR IRU

7KH RQO\ OLPLWDWLRQ PLJKW cW'ﬂDQ WKKHYBARE ®PGOLAWHRQ LQFLGH
FRQVWDQW SDUDPHWHUV ZKHUHDBN VM/@(MHFQSK/\R BAPEORSQWWIHWRLEY FR

$V FRQFHUQV WKLV VHFRQGRSRLFQ\% E M @{HHWMVHSSJE\UGE
FDOFROD®@BDFFRUGLQJ WR WKH \5

WKH JOD]LQJ DV ZHOO DV WKHGRKQPWHRRHHRP Ky RIPREK WKH
FRHIILFLHQWYVY XVXDOO\ YDU\ ZLVWKWLPBmonsefactorQ 7KH HVSRQVH RI W
Q RUGHU WR YHULI\ WKH UHOL R R QV\‘/]XII;SV(EE
YDOLGDWLRQ KDV EHHQ SHUIRU O D PHWHU
WKH IROORZLQJ ,W LV EDVHG R . m QRV
WKH WKHUPDO ORDGV GXH WR ?\P% vﬁ-k’g{'u W K
ZLWK (QHUJ\30XV DQG WKRVH F L Jlk (QHUJ\30XV D

IRUD VLPSOH WHVW URRP z&vzv ;

FRQFHUQV WKH HQYHORSH RI %@MéﬁﬁgHgHLHQOFYVPKHH(

GLITHUHQW EXLOGLQJ W\SRORJLI—b NSV AR
Typed KHDYV PDVRQUY ZDOOV VWB?HL%QD L%/Hu WR FDOEXODWH WKH VF

TypeB KROORZ FOD\ EULFNV FRQYMM MWAWILR®VW URRP OHW XV FODULI\
TypeC KLIKO\ LQVXODWHG OLJKGHHLQKWLHRQYROMSHHOLDEOH FRQVWD(

$FWXDOO\ WKUHH YDULDQWYV zHUYP REGHY IHRIR G ALK VERQHAU VXUIDFH
GHSHQGLQJ RQ WKH QXPEHU RI EUVENMHRPHIKY BESRTEKH WRYHORSH FRE
SRVLWLRQ RI WKH LQVXODWLQR@D\FLIKWP SSRIINAWO\ WKfHU WR WK
WKUHH SURSRVHG VROXWDLRRGY KB ¥¥W Kl W!SHHVWDQGDRJ:GV 62

B. .-
Type BI GRXEOH OHDI FDYLW\ @%ﬁo Vg \ﬁ/%
i J%I% {N é’Y—ﬁ.%J PRUH VXLWDEOH I

LQVXODWLRQ SODFHG LQ WKH

Type B2 GRXEOH OHDI FDYLW\ L8 % DXWKRUV“IDRFSV\'/-F?L']R
LQVXODWLRQ SODFHG RQ WKH %

Type B3 VLQJOH OHDI ZDOOV KDQ WKRVH |

UGV ,Q IDFW WK
LQVXODWLRQ OLJKW ZHLJKW |_ U WKDQ WKH VROL
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through the glazing should determine an
homogenization of the inner surface temperatures,
thus decreasing the rate of radiant heat transfer if
compared to an “ordinary” situation; consequently,
higher values of R; should be considered. The values
retained in this paper are those listed in Table 1.
Now, we are able to assess the solar response factor
Q of the test room for each building typology. The
results for the first harmonic (P = 24 h), in terms of
amplitude and argument, are reported in Table 2: the
argument Qg is negative, which means a delay in the
response of the enclosure to the periodic excitation.

Finally, a further cause for reflection concerns the
choice of the optical properties of the glazing:
provided that they must be assigned constant values,
the sensitivity of the results to such values was
investigated. To this aim, the calculation of the
thermal loads was carried out not only by referring to
diffuse radiation, but also by adopting “detailed”
values of 7, p, and g,, provided by a preliminary
investigation on Energy Plus, and depending on the
glazing exposure. As shown in Table 3, the
difference between “detailed values” and “diffuse
values” is important only for a window due south,
where the average glass solar reflectance is generally
higher, due to the pronounced angle of incidence.

A first outcome of the validation is shown in Fig. 2
and Fig. 3. Here, the curve of the daily thermal loads
obtained through EnergyPlus is compared with the
results of Eq. (22), whose calculation was carried out
by using N, = 6 harmonics, since a preliminary
analysis showed that no improvement would arise by
adding higher harmonics. For the sake of brevity, the
comparison is limited to case A and case B.1, with
the window due south or west; however, the other
cases present the same behaviour. For each diagram
two curves are reported, that refer to the use of the
diffuse or the detailed optical properties. The
proposed model shows very good agreement with
EnergyPlus when detailed optical properties are used,
whereas some discrepancy arises in the case of
diffuse optical properties.

Table 1. Values retained for h. and R

Ceiling  Floor Walls
h,  [Wm2K'] 1.0 1.5 1.5
R, [m*K-W'] 0.8 0.6 0.6

Table 2. Test room: amplitude and argument of (2

CASES A B1 B2 B3 C
Q| [ 0.107 0.164 0203 0.172 0314
9o [ -19 20 16 -18 -06

Table 3. Average optical properties of the glazing

Diffuse North East South West

, 0.589 0.558 0.589 0.472 0.588
pe 0220 0.250 0.220 0.333 0.219
g, 0.664 0.633 0.662 0.547 0.663
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Figure 2 — Comparison between reference
and calculated thermal loads (case A)
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Figure 3 — Comparison between reference
and calculated thermal loads (case B.1)

A further comparison is based on the calculation of
the daily energy need L due to solar radiation, see Eq.
(23). Table 4 reports the error made on this parameter
for all the proposed building typologies and all the
window exposures when using the detailed optical
properties, if compared to EnergyPlus. Finally, Table
5 shows the error on the peak thermal load.

L= [0, (¢)dr (23)
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7DEOH

CASES A B.1 B.2 B.3 C

1257+ -25% -34% -39% -35% -7.0%
($67 -50% -45% -4.6% -24% -7.4%
6287+ -1.5% -13% -1.5% -17% -54%
(67 -51% -46% -47% -24% -5.8%

7DEORUURU RQ WKH SHDgwowKHUBBE &R

CASES A B.1 B.2 B.3 C

1257+ -13% -45% -13% -22% -53%
($67 -47% -62% -07% -2.7% -59%
6287+ +1.9% -12% +45% +1.8% -0.5%
(67 -13% -64% -04% -21% -3.8%

As shown by this validation, the use of Eq. (22) tends
to underestimate the thermal loads of the test room.
However, the highest discrepancy in the calculation
of the daily energy need is 7.4% (see Table 4): it
occurs in case C, where the very lightweight
envelope emphasizes the role of the solar gains. On
the whole, the outcome of the validation is very
satisfactory, given that a quite large window area was
considered ($,=5.5 m?): better results were obtained
in case of an enclosure with smaller windows.

FURTHER RESULTS

In this section the paper discusses more in detail the
Solar Response Factor Q as a function of the type of
walls delimiting the enclosed space and the size of
glazed surface, described through the non-
dimensional parameter | To this aim, Fig. 4 shows
the amplitude and the argument of Q versus | for
each building typology mentioned above. Here, the
short-wave absorptance of the opaque surfaces is
always o, = 0.3; the optical properties of the glazing
refer to diffuse radiation. From Fig. 4 one can notice
that, for any building typology, the higher is | the
lower is the amplitude |Q| of the solar response
factor. Actually, a larger glazing surface determines a
higher rate of short-wave radiant losses per unit solar
radiation available on the outer surface, due to the
glazing transparency.

One can also observe that the three building
typologies show a quite different behaviour: the
curve associated with a heavyweight envelope (Type
A) is the one with the lowest values of |Q|, which
proves how the high inertia of massive materials
(such as lava stones) can emphasize the attenuation
of the solar gains. In this example, only the 8-12% of
the incident solar radiation is converted into heat
loads for the enclosure. The highest values of |Q]
occur for the lightweight envelope (Type C): in this
case, due to the lack of massive materials capable of
damping down the thermal wave, |Q| keeps between
0.2 - 0.35. This means that the thermal loads would
be three times as high as for Type A, under the same
forcing condition. As concerns Type B (hollow clay
blocks), this shows an intermediate behaviour; the
highest values of |QQ are those occurring for Type

(UURU RQ WKH/GDLOB.AVE# Hxpdetéd Oin@@dd, Dit5 this case the layer of

insulating material is placed on the inner surface of
the wall, thus “hiding” the thermal mass and
preventing it from working effectively. Furthermore,
Fig. 4 also describes the dependence of the argument
¢o on the fenestration surface: the argument
measures the time delay of the response (thermal
xlsiation (solar radiation).

It is possible to observe that the variation of ¢pg with |
is less pronounced than for the amplitude |Q],
especially when dealing with the building typologies
implying an insulating material closer to the indoor
space (Type A and Type B.2). The time shift is
almost constant and extremely low for Type A (9pq =
0.6 — 0.7 h), whereas it keeps around 1.5 — 2 hours
for all the other building solutions.
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JLIXUH + $PSOLWXGH XS DQG DUJXI
R DV D IXQFWLRQ RI WKH JOD]LQJ

CONCLUSION

The 6 RODU 5HYV S RifQrvddcell InRhY Papkr,
is appropriate and very useful to characterize the
energy performance of buildings. Indeed, it makes it
possible to quantify the heat flow transferred by
convection from the inner surface of the envelope to
the indoor air in response to the solar radiation acting
on the glazing, thus allowing the determination of the
thermal loads. The formulation of this parameter is
derived analytically, and involves all of the
thermophysical properties of the envelope.

The main quality ofthe 6RODU 5HV SRsGivtH )DFWRU

it represents a transfer function of the whole
enclosure, and allows to qualify the response of the
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EXLOGLQJ WR VRODU H[I[FLWDWLRRYV WKURXWKPRYLQIJOH FRPSOH]
QXPEHU L H WKURXJK D FRXSWH RI WHBICO @QXPEHU

DPSOLDMXGH PH WKWKWLY VHQVH

VLW FDQQEXHU VXUIDFH

XVHG WHRRAPBBDULVRQV EHWZHHQ @8RIIHUHRWHXLOGLIQFH

VROXWLRQV LQ WKH GHVLJQ VW
EXLOVEIQQUHODWLRQ WR WKHLU F

V4H RWKRIACDVVLI\ H[LVWLQJ
WS D FLWW WRQ B WIWWHODEK® WH WKH

HITHFWV Rl VRODU UDGLDWLRQZ ZLWKRXWO WKH QHHG RI
FRPSOH[ G\QDPLF VLPXODWLRQYV ldIJ ESPS UHG WR WKH

thermal storage factor GHILQHG LQ WKH &
&DUULHU BfektivaV BbsonpliinH

KRG
%DOFRPE - ' D +HDW VWRUDJH D

coefficient. SURSRVHG E\ 20LYHWL HWLDROQLGH SDWXHYH VRODU EXLOGLQ.
Solar Response Factor VKRZV VROLG WKHRUHWWERQ OE® YHIY 5HSRUW /$

DQG LV PRUH JHQHUDO DQG ULJRYRENVRPE - E S3UHGLFWLRQ F
)X UW K H U P BdltH Respbis#d Factor  FDQ EH WHPSHUDWXUH VZLQJV LQ GLUHFW
LQWHJUDWHG LQ WKH IUDPHZRUNXROIKHV$GRRFWH®FE6RODU :RUOG
OHWKRIGVK RWKHU G\QDPLF WUDQM BWVBUHRSHY W L HVUGX F K& 7KH D

DV WWelkol! admittance D Q Gdodrdfibkht factor

EXLOGLQJ VLPXODWLRQ IRU E XL

W KXV DO oRpdeQudabiical solution Rl WKH HQJLQHHUV 3URFHHGLQJV RI ,%36%
WHKUPDO EDODQFH RQ WKH LQGRRU @RI HUKHYF RS SRRDF K- F ORQ

EH LPSOHPHQWHG LQ ZKDWHYHUW XYHUHGH$LQHEGRORIWIDUFL QI &RPSDQ
DQG UHOVHWHYLPLWHG FRPSXWDWLRQRPHOIRIMP O 6\UDFXVH 1HZ <RUN

120(1&/$785(
Symbols

DUHD P
IUDFWLRQ RI JOD]JHG \
VXUIDFH IDFWRU
JODVV J YDOXH

KHDW WUDQVIHU FRHI
VRODU LUUDGLDQFH
GDLO\ HQHUK\GIHHG
RUGHU RI WKH KDUPR
WRWDO QXPEHU RI KD
WLPH SHULRG K
GHQVLW\ RI KHDW 10X
WKHUPDO ORDG
IUDFWLRQ RI KHDW 10
WKHUPDO UHVLVWDQF
WKHUPDO WUDQVPLWYV
WKHUPDO DGPLWWDQF
WKHUPDO LPSHGDQFH

R~ =

nnAnoocCchr,HwWrRLr O ™"

Greek letters

a DEVRUSWDQFH

A ZDYHOHR®JIWK

p UHIOHFWDQFH

T WUDQVPLWWDQFH

3 WLPH VKLIW K

W WKHUPDO SRZHU RI D
X UHGXFWLRQ FRHIILFLF
) UDGLDQW KHDW I0X]

Q VRODU UHVSRQVH IDF'
Subscripts

DEV DEVRUEHG

F FRQYHFWLYH

J JOD]LQJ

K KDUPRQLF

L LQGRRU

oz ORQ@DYH
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&, %6 ( *XLGH $ (QYLURQPHQWDO
HG &KDUWHUHG ,QVWLWXWH RI %X
(QJLQHHUV /RQGRQ

/IRXGRQ $ * 6XPPHUWLPH WHPSF
EXLOGLQJV ZLWKRXW DLU FRQGLWL
+HDWLQJ DQGYRQW (S

OLOOEDQN 12 +DUULQJWRQ /\QQ -
UHVSRQVH DQG WKH $GPLWWDQF
%XLOGLQJ 6HUYLFH (QJLQHHULQJ YI

.62 %XLOGLQJ FRPSRQHQWYV D
HOHPHQWY 7KHUPDO UHVLVWDQFt!
WUDQVPLWWDQFH &DOFXODWLRQ PF

.62 7KHUPDO SHUIRUPDQFH RI
FRPSRQHQWY '\QDPLF WKHUPDO F|
&DOFXODWLRQ PHWKRGYV

.62 7KHUPDO SHUIRUPDQFH RI E}
&DOFXODWLRQ RI LQWHUQDO WHPSH
VXPPHU ZLWKRXW PHERSQLHAMM®G FRR
PHWKRGYV

20LYHWL * $UFXUL 1 %UXQR 5 '

$Q DFFXUDWH FDOFXODWLRQ SU

KHDW JDLQ WKURXJK JOD]HG VXUID
%XLOGLRIV SS

5HHV 6 - 6SLWOHU -' 'DYLHV 0 *

AXDOLWDWLYH FRPSDULVRQ RI 1

DQG 8. FRROLQJ ORDG FDOFXOD\

,QWHUQDWLRQDO -RXUQDO RI +9%$&
YRO QR SsS

81, (1 *ODVV LQ EXLOGLQJ 'HWI
RI OXPLQRXV DQG VRODU FKDUDFWH

81, (1 *ODVV LQ EXLOGLQJ 'HWI
RI WKHUPDO WUDQVPLWWDQFH &DO

81, (1 ,62 %XLOGLQJ FRPSRQH
EXLOGLQJ HOHPHQWV * 7KHUPDO
WKHUPDO WUDQVPLWWDQFH = &DOFX

81, OHWRGR GL FDOFROR GHOOT
LQWHUQD HVWLYD GHJOL DPELHQWL
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