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Absteact. The thermal behaviow of a room equipped with diflerent types ol ventilated walls
and subject 1o externad (emperature oscillations is analyzed. Fhe results obtained contiom that the
types of vestilated walls, fonml in o previous study to be preferable from the eneipy point of
view nuder steady-state conditions. exhibit acceptable behaviour also when such temperatare
oscillations are present.

1. Imtroduction.

Ventitated walls have been recently attracting a goad deal of research attention beesuse their
potential applications 10 climate control affect both the encegy saving and comfort of huildings
In annther paper presented al (his Congress (1), the Authors reported the results of a study on
the energy hehavior of a yoom equipped with four difterent types of ventilated walls of equal
thermal resistance with three different ventilation schemes.

More precisely. the walls denominated as types | and 3 had a layer of insulating material
between the air space aud the vuter lace, while in walls 2 and 4 the same layer was positioned
between the air space and the external wall face. Moreover, in walls 1 and 2 the thicker brick
laver (therelore of higher thermal capacity) is incladed in the outer face, while in types 3 and 4 it
is in the inner one. Reparding (he ventilation schemes of the interspace-Lo-room system, in case
A, alt the ainhloswy into the interspace, of thermal capacity c (i.e. the product of the air mass flow
by its specific heat). is collected from the vutside and is used to tumover the air in the room: in
case B the turnover air, is introduced directly in the room. has thermal flow defined as g. and is
later used to ventilate the wall at the moment of cjection; in the limit case Y, wall veotilation is
ellected using a large ainflow that is independent of room-air tumover (c>>g); finally. also the
reference case R of a non-ventilated wall (though with the same thermal resistance) is
considered.

‘The energy analysis developed in (1) has supgested a good compromise to be the choice of wall
2, with ventilation A during winter and B during summer. This report deals with ventilated-walls
under conditions of periadic heat flow by analyzing the same structures with varying external
temperature, solar radiation and air-conditioning system power. Indeed, under non-steady-state
conditions, the arrangement of air spaces in ventilated walls is determined, not only by the ratio
z between the air-space-to-outside thermal resistance and overall wall (herinal resistance. but
also by the distribution of thermal capacities within the wall (2,3). Furthermore. ultimate
solution of the problem will depend on the thermal characteristics of structures within the room.
Regarding the analysis, the operations followed to derive the main relations used are outlined in
the appendix (2).



2. Statement and solution of the problem _ _
In the case in which thermal stress is a petiodic function of time. with angulas [iequency o
and period x=0/2m. it is also necessary to consider (he room’s intemal stiucture (vertical and
horizontal partitions). as it has a considerable inilnence. Complex thermal vanations 1 of the
room can arvise from temperature oscillations of the external air in the shade T oscillations of
the radiation component (1=Tn) of the sol-aic exteinal temperature, or from oscillations of the
power @, of the air-conditioning system (i.c. “equivalent temperatuie” QL0 We can thus wiile
(2):
(1) T =L+t Lz( L= lu) +1,0Q¢R,
which can yield the frequency spectrum of the roon’s thermal response. Eq.(1) is a linear
function completely characterized by the thiee parameters [y, L. Ta which ate dimensiondess,
complex quantities with modulus of one or less. Then, the actual trend of the inside termiperature
versus time can be obtained by calculating the Foutier antitranslorm of Eq.( 1)
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with m indicating the maximum number of harmonic fimctions present in the expansions of T
T, and Q,. For some harmonic components, the coeflicients L; (i=1.2,3) depend on the chosen
ventilation scheme. as well as the elements of the transfer matrices of the two faces of the
ventilated wall and those of the elements transfer matrices relative to the structural components
(vettical and horizontal partitions) which make up the room interior. Regarding the ventilation
schemes R, A, B and Y; an expression for these coeflicients is presented in the appendix.
On the basis of Eq. (1), it seems that situations where coefficients I, and L, are small in
modulus are preferable; in this way room temperature is less influenced by sudden climatic
changes (variations in T, and/or Tc-Ty). On the other hand, large values of L. seem preferable, in
order (o be able to "comrect” room temperature variations with limited use of the climate-control
system. Eq.(1) is a generalization Eq.(1) from (1), to which it reduces under stationary
conditions (0—0); under such conditions, only temperature diflerences must be present in
Lq.(1), and so it must hold that L;=1. In the particular case in which a constant temperature is
imposed within the room (T;=0). Eq.(1) takes the form:
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which quite similar to Eq.(1) of (1), and depends only on ratios (1./L.x) and (I.5/.3). Even more
particularly, for a passive room (@.=0), (3), without no air turnover (g=0), and a non-ventitated
wall, we can write: L=L; (see Appendix): then, fiom Eq.(1), we can deduce: Ti= L>T%.

3. Numerical results.
As a sample application. we have considered a reference room of 3x4x4n. with a single
external wall of 3x4m?, and volume of 48m®. The ventilated external wall is the same that is
considered in (1), the inner structures are made up of a partition of light 0.08 cm brick with
plaster on both faces and by tile-lintel floors 0.20m thick; the ait in room has been represented
hy a pure thermal capacity M (per surface unit of external wall) assumed to be M=8.4 kJ/m’K.
The geometric and thermo-physical characteristics of the materials have been reported in Table I
of (1). Regarding the thermal conductivity and difTusivity of the tile-lintel floor, we have
assumed values of 0.80W/mK and 3.6 10 m’/s. respectively.
In contrast to the steady-state case, under oscillatory conditions, the reference case depends on
wall type; so we actually should utilize four different relerence cases, one for each wall type.
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However, since wall types 1 and 2 and types 3 and 4 differ only in that the position of the
insulating layer and interspace have been switched, and since these two layers are essentially
resistive. with a very good approximation we can state: 1R=2R and 3R=4R. More substautial
difTerences exist between the first two types of walils (1, 2), as well as between types (3. 4),
which differ in the placement of the 0.25m brick layer and the 0.08m light brick,

ligure | shows the curve of |L,| versus the period y (in hours) for all examined cases. for an
air-turnover rate of n=0.5. The values of |L,| for the reference case (R) and case B, [or

examined values of x. depend very little on wall type and are very close to cach ather. Thus. the
graph presents cases R and B by a single curve (bold). From figure |, it can be seen that the
values relative to case 2A (cousidered optimal for energy saving) result clearly lower than thuse
of the reference case: thus insuring better control of room temperature in responsc to outside in-
shade temperature variations during winter. From this point of view, during summer ventilation
pattern B offers no great advantage with respect to the reference case; it is evident that case 2Y

yiclds values smaller |L,| than case R only during short periods (x<7.4 h).
Figure 2 plots |Lz| as a function of x, with n=0.5, for the various cases examined: it should be

recalled that in case Y the L, value is always zero and the internal environment is completely
dissociated from the eflects of insolation. Now, consider the differcnces between the values of

|L,| for ventilation scheme A and those for the corresponding reference cases: these are always

positive and generally increase with rising 7. Instead, the |Lz| for ventilation pattern B are all
inferior to those of the corresponding reference cases. Here again, the difference between case B
and corresponding reference case increases, albeit slightly, as a direct function of 7.

With regard to variations in the intensity of sular radiation, we can confinn that during summer
{ventilation pattcrn B), only a small improvement is achieved with respect to the reference case.,
while a clear worsening. still relative to the reference. is evident during the winter (ventilation
pattern A) but however, this produces limited cffects, because of the poor insolation
characterizing this season. As the air turnover rate increases, the trends of the curves

representative of the various cases, do not change qualitatively. At constant y, the valucs of |l,,'
and |L.:| for any given wall and ventilation type increase as a function of n. As the air turnover
rate increases, so does the influence on the interior thermal behavior of both the in-shade
temperature and insolation. |L,| is relatively independent of wall type and adopted ventilation

system, but depend considerably on the air turnover. Figure 3, presents |l., as a function of ¥,
with n=0.5 and n=2, practically equivalent in all the cases considered here (case 1Y presents
higher values, but is of limited importance here). As the air tumover rate increases. the value of
5L]j decreases. The higher n is, the less sensitive is the room’s thernal state to the action of the
conditioning system; the difference between the L; values for n=0.5 and n=2 increases, though
only slightly, as a function of x.

Figures 4 and 5 plot the phase trend (in degrees) respectively for factor L, and I, as a function
of period x (in hours) relative to wall type 2, with n=0.5. Regarding figure 4, it is evident that
the phase trend of L, in relation to configurations A and Y remains inferior to those of the
reference case R, while the phase for configuration B practically coincides with that of case R.
The L, phase trend (Fig.5) is quite different (configuration Y has been excluded, because L»=0):
liere the discontinuity in the curves is only apparent because of the effects of periodicity. The 1.2
phase of configuration A results greater than that of the reference case, and the difference
between the two phases, although particularly notable due to the high-order harmonics, remains




sensitive to the fudamental hammonic case ( 121 hours). Tor example. fos the case of v 21
houts and in the reference case, there is a time delay ol about ¥ hours, while for confignraiion A
this delay is about 10 hours. Such behavior must be considered positive, hecause it (ends ta <hiti
the lcnq.)emlurc peaks caused by variations in insolation towards (he nighttime. when comfort
tequirenients are uinor. A

Finally. it is note-worthy that. for coeflicient 1o, as well. the phase relative to configuration 13 is
verv close to the reference case. The curves plotted in the previous fipuies do nol change
quﬁlilﬂlix cly with inereases in the aiv fumover what can be seen is that phases 1, and La increase
appreciably with increasing n, for any given z and contigmation. The gieater is the an turnover.
the gicater also is (he time needed for variations in the in-shade air teiperatie and insolation to
winke themseh es felt within the room: The |5 phase dees nat depend very much on ventilation
pattern and practically coincides with phase Ly relative to the relerence case. Phase o incrcases
with increasing "n". reducing the promptuess the conditoning svstem’s ellects

1. Conceluston,

I'he linear structure of the problem is such that. for any given configuration. raom thermal
vatiations tum out fo be lincar combinations. suitably weighted by complex coellicients. ol the
external air temperature in the shade (coellicient ). the insolation (coelficient 1.,) and the
power of the conditioning system (coeflicient L;). see relation Eq (1), For control of the interior
temperature, situations are desitable in which coeflicients Ly and Ly are “small™ in modulus. but
with a “considerable™ phase in order to limit and delay the influence of climatic changes on the
intetior (temperature of external air in the shade and jvsolation cflects). On the other hand.
cocllicient L should be “high™ in modulus, but “small™ in phase, in order to 1ender the action of
the conditioning system more eflective and prompt. The aualysis performed reveals the
ficquency spectrum ol the moduli and phases of the above-mentioned coeflicients regarding, the
four types of walls considered and the more  suitable ventilation schemes for sumnier and
winter, In particular, regarding wall type 2. considered optimal with respect to energy saving
(1). we have observed (he following: that coefticient [, is practically the same as ihat of the
reference case when consideting the summer and ventilation pattern 8. that for ventilation

pattern Y. the values ol (/L are lower than the refercuce case when considering solely
osciltation of short period, while the it phase turns out not wuch infetior to the reference case:
that in winter with (ventilation patterm ). wall type 2 is preferable to the refevence  case with
respect (o both 1, and phase La: that coeflicient 1a is quite independent of wail (vpe and
ventilation scheme for all the cases examined.

Thus. we can conclude that wall type 2. aside tiom being optimal with sespect to cnergy
consumption, also demonstrates behavior, which though not satislfyving all requitements fuy
modulus and coeflicient L, phase. is overall quite aceeptable tor the various examined ventilation
pattemns under periodic heat Now

Appendix.
We would like provide a biiel outline of the calculation of coeflicients [; (1 = 1.2.3). delined
implicitly in Eq.(1). Through this appendix all quantities are relative to one unit of external wall
suiface. et the 2x2 matrices with elements B\ Fio Gi. Hy and Ea. Fa. Ga, H; be the trans(er
matiix belonging respectively to the external aud internal wall faces. Each of these matrices will
be caleilated as the ordinate product of the (1ansfer matrix of the single-layers making up the
face in question. The fuust and last of these layers will be considered a purely resistive tvpe

representing the thermal boundary resistance (2.4). In the following we use the definitions:
N-Eal L, o N(el(F) " n=(1-e")o.




‘Ihe internal part of the room is formed by P structural elements (vertical and horizontal
partitions). In many cases, the a given inner wall of area Sn is symmetrical and separates spaces
having the same temperature. In these cases, the surface passing through the middle of the wall
can be considered to be adiabatic; thus only the half-wall facing the room results important for
the thermal problem of room itself. So, if we define as g, and h, the third and the fourth elements
of the transfer matrix relative to the 0™ inner half-wall, and we represent the air and objects in
room as a purely thermal capacity M, the influence of the room’s intemal structure is explained
by elements of type (2.,4):

A, = joM +Z'§“-\*"
'I\
where the sununation must be extended to all intermal p structures and v, represents the ratio
between the surfaces of the n" structure and the extermnal wall. Regarding the ventilation pattemns
examined in the work (R. A, B.Y), let us consider the following relations (2):
1 F I 1 1 |
R: /\=g+—(H,—‘l)+An, L,=-~(g+—) s Ly=— ; Lyj=—
F, N A N AN AR,
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B:A=g+—|H, +-L(y-1)=-n|+A,. L =_—( +—-—-). Ly=—, L,=-—
8 F,[ Vil '] oo MEAETNT) AN AR

H ] I
Y: /\=g+-i:—:—+/\n. L,=X(g+g) ; L,=0 le_l__.
The stationary case can be obtained from the previous relations as the limit case for @—0. that
is, the limit for low frequencies. It can be clearly seen that
N >R, Ao — 0. o - [cRa(1-2)]"!

and therefore

E: =H,=}, Iy =2R,, G=0, E=Hs1, Fr=(l-z)Rt. Gz=0
and, finally, through the expression for L; shown ahave;-vwe can casily obtain the fimit-case
expression of A, = L; (w—0), which obviously corresponds to tliose used in (1).
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