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PROTECTION AGAINST SOLAR OVERHEAID:GS t:SING HIGH ASPECT RATIO OPENED 
VERTICAL CAVITIES 
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The authors present the use of high aspect ratio vertic.:il caviiies opened on both c:nds tn order to protect housing agaillSI solar ovc:rheating. They describe :t part of their experimental rudy and show the gain is subst3ntial as soon as one C:t'-ity is opened. Hc:at !t:tnsfers through the openc:d ca1.it:' arc i: en computed using a fluid mechanics code. The results show a good accuucy with experim.:nis. The 3uthors conclude about the useful purpose of this system for passive refreshment. 
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I). !RODCCTION 

Solar walis, called Trombe walls, have been studied since 1967: air taken from the room is wanned-up by solar energy and sent back lo the same room (Hocevar et al., 1979). The aim of this wor� is to utilize a solar passive system to reduce ovcrheatings inside: buildings, due to solar radiance through op.ique vertic.:il walis. Thar method, easy to realize, lies on natural convection phenomenon. The work we present in this paper, is based on an e;"{perimental approach of temper3rure and flow fields. We show too some results obtained computing hear transfer through th.: opened c:t1rity. 

EXPERII'v!E:NT AL STI..'DY 

The c.xperirnental apparatus was componed by rwo rooms separated by the wall we srudied (Ma.ssias et 
al.,1995). We controlcd the two rooms ambiance. A bank ofh:ilogenous projcctors, whose emission spectrum 
is closed from the sun one, provided a quasi homog•mcous lighting on the wall heighr (figure I). The wall 
height, which v.-as built with terra-cona vertical hoUow bricks, was H=l.75m; each air strip was L=35 mm 
thick and we could consider the third dimc:nsion as boundless. These high vertical cavities could be opened on 
both ends (top and bottom). We present the case of one caviry opened: the first insulated. 
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Figure 2 : thermal probes 

\Ve used a hundred of K type thermal probes (0.5 mm diameter). We measured the temperature distribution 
through and along the internal and external wall faces. Figure 2 indicates the way we could �each temp�rarure 
air fields inside the ca"itv. We present on figure 3 an example of results (measured at H-), companng the 
temperarure profile obta�ed when all cavities were closed and when the first ca"ity was opened on both ends. 
We precise thar in each case the arnbiant condirions were the sam.::. 

We can notice an ahnost linear temperature distribution when all ca"ities were closed. In the other case, the 
temperature distribution is very particular in the opened ca•it:· and becomes representat�e of conductive 
transfer through the other cavities: because of air flow, !emperatures m the core are al�ays lm\'er than �e 
faces on.::s. This induces very important temperarure gradien!s: along the insulated side, this gradient IS 
3570.degree m becoming 1110 degree1m on the other side. 

It seems important to see that the level of temperature field is different in each case \\ hile ambiant conditions 
were exact!;\ the same. Due to the opening of 1he ca\it:· ends. the level of temperature decreases 

.
of a val�e 

ranging fro� 500 to 1000, on the external (insulated) face and the irmer face (x�20
.
0mm). This result IS 

instructive forlus as we \Vould like to take into account the comfort degree of persons ms1de. 
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Figure 3 : experimental temperature proftles 
through th� wall (z=H/2) 

Figure 4 : experimental velocity profile through the 

opened first ca"ity (z=H·2) 
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Velocity and flow fidds: 

A hot wire anemome ter was used in order to poinr our the velocity field inside the opened cavity. We present 
on .figure 4 an example of velocity distribution (z=H'2). The figure shows, as for !he remperature field, the 
exisrcnce of important ascending gradients along the two faces of the opened enclosure. 

. !oreover, we 11isU;t!izcd the flow using a laser plane and panicles (incense smoke) with the same density as 
air. We could notice the presence of vortex in the core opened ca.,,ity, which confumed the setting of a 
turbulent regime as, in this example, RaL;; 1.2 to' while.-\:: 50. 

�T?v!:ERICAL STLTIY 

We used a fluid mechanics n umericJl code. ESTET, deve lopped by Electricite De France. 'Th.is allowed us to 
solve the governing eq uations using a finite difference and finite volume scheme; that is to say: continuity 
�qu:iliorL mom�ntum <qU;ttions and energy equ:11ions. 

After a few tc:sts, we chose a (k.&) lo' Reynolds n umber turbulenc� model established by Launder and 
Sharm.3 (Launder ct al., 197-1). \.\'e generated 3 _0000 nodes grid; this mesh was refined in the 'Wicinit. of the 
vertical faces. Our boundaries conditions were as follows: 

- low e:.:tremity of the c:i" iiy: 
air temperarure imponed is the one measured 
velocity profile corresponding ro the measured one. 

- insulated face (inlcrface between air and terra-cona insulated face) 
variation of the temperature with the ca.,,iry heigh due to the temperature profile provided by 
the probes. 

We chose 3 local criterion for numerical convergence of 10'3: ma"<imurn relative difference between two 
consecutive iterations. 
\Ve present on figures S and 6 temperarurc profiles and vcnicJl component of velocity profiles ploned on 
different heighrs. These results showed that the v:uiation of tempera tun: "i!h height on the opposite verticJl 
face Willi not in good agreement with experimentJtion. 1' ·e could then .:ome to the conclusion about the 
necessity 10 take into consideration radiative transfers through the en losure. The results obtained :ire 
pre&nted on figures 7 :ind 8. Boundary conditions were exactly the same as before except we took into 
accounl venica.l faces radiation. This time, comp uted results are closed from those we measured. 
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Figure 5 : numerical temper:iture profiles 
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Figure 6 : numerical vertical component of the 
velociry profiles 

WREC 1998 

--z=3cm 

1323 

wrtical component of velocity (mis) --z=3cm 

--o-z=47cm 

temperature (0C) -a-z=47cm 

0,6 l 
0,5 \ 

-6-z=BBcm 
0,4 I 

I 0,3 -1 

0,2" 
0, 1 " 

o Jm ����,-o ���_:::i2�0""'.CWiiiiili�3 o�
�
x(
,..
mm) 

-0,1 -

F
. 7 . numerical temperature profiles 
1gure . 

considering radiative transfers 
e 8 . numerical vertical component of the 

.. �:ity p�ofiles considering radiative transfers 

co�cu:s1oi-: mfi de ee of 
. . . . . feasible to increase the co on gt . 

· • 1 solar overheaungs mdicated it 15 
o uld notice that openemg 

This siudy :ibout protccnon a�alllS 
. " a s'unple and tow-cost method. lnd.:ed, we

\ .c u-'•ce tempcr:irures. ' ummerumc usm,. . . . h the resu nng s i 1 u 
a room occupanL m 5 

• • ve ic:il callitv allowed to dunuu.s om cou led convective 
at least one high aspec t rauo rt� · c:-' studv of the phe nomenon c:in 't rel:ase fr boun

p
da""' condition. 

h ved lh:it :i numcn JJ. • .L t r:idiance as • i . 
Furthermore, we s O\ 

t to take into :iccount u1e so ar 
s inside air c:i-.1tv. 

and radiative tr:ins'.crs. ;:o
ugh

w. 
��a����t: and then ;;onvcction and radia1ion h

;
at 

.
ex 

o���eto l.:ad a compk�e 
Computina conducuon t o e 

• . mo.1Sture incidence on tr:ins er 111 

=- - t: to e nm:itc arr 
Besides. it seems llllportant or us 

tudv of this passiYe refrehsmenl system. s -

REFERE>:CES 
· · � T mbc 

. . ta and inslantaneous effic1.:nc1es . or ro 
- K erson ( 1979) Thennocircul:illon d:i . E Socicr.·. K:insas-City. 

Hocev:u- K.J. and R.L. . � .f' ational passive conference. lntem:mo�a� S..
. 

odel of turbulence to the 
\alls. Proceedings o; r 1e

arm
�1 197�) Application of the energy d1.-;s1panon m 11 131-138. 

Launder B.£. and B.l. Sh ( . . disc Letters m Heat and .\lass Transferd-·h .teur dans des parois 
calculation of the flow near � s���

995
) Prot.:ction contre l:i tr:insrnission c c

l 
a 1 /"/.T.8.T.P .. fil, 

Massias E., S. Lorente and :\ . c�1 . . nicales a grand rappon d'allongcment. .-l1111a es' e 
verticales opaques 3 I" aide de ca.,.1te -.e 

10-31 


