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THE BARRA TIIERMOSYPHON AIR SYSÎEH

RESTDENTIAL AND AGRICULTURAL APPLICATIONS

IN ITALY' IN THB UK AND IN lHB SAHAÊA DESERT

OA.Barral r G'Arteselt ' L'Franceachitt '
RK. Joeleltl and A'Nicolettilr
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- alorage heat losses are nihil'
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A schematic of the nodified Barra sysLçtn is-given in
Fisure 5. A total of abguL 60Q.9+ of- pig stles were
lâEiåiiti."a," 1õõ-ãñ "itt-iñð-tia,iitioñal 

Ea;ra svstem and
ASÓ sm with the nodified vereion.

Monitorin¡ in both sties ende{ in- Janvarv lp87.9nd the
final'-iãsulÈs- will be published shortly'. PrerrDrnary
iåËüit"^õ;;;-i" i"ãi"at" thè ferrowins situàtio4 fer. a-.stv
å¡""ôð-=;";itÈ"2âï-âãürt aäI'nãIã and ietrofitted with 24 em
ãi solar panels, modífied version type:
a) Winter eondiLions:-'f^'tÈ;^ -iü[êiñãÌ"'"ir temperature can be considered

constant around i9'c thet !he- outside temperature
iãürèõ"uet"èån"rs :-tã"ô-'l-¡i th- 24 hours¡ wheieas the
;;.riËi;;;;;È-;" ínteiñal [enpãiature of lo'c'

w1
e
th

anb i en
rh

IL is worth mentioning thaL tþe number of. aninals for
unit åieâ-cóuiã u.-I"ðiãÃsãa from 7 to l0 thank to the use
of the Barra sYstem'

semi-rteLached house in MaP
trouse ret.rofitLetl in Lh
t, SysLen perfornance was

b) S urnm-rh
rh

firsL
con Lrac

condi t
i nterna

flrrx

er
e

out
ls r
or.¡ t

Dane
í{ i t-h

eac

I On
la
tt
ethrit t

6:ir temneraLure at
cnoerature insLea
heimo-venLilaLion
emoeratures of th
ari¡ system 5-7 se

l-

FI(ìt,RE 5. Sysl,em morles of operaLion: l'linLer and Summer
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niddav a
d of abou

sys ten te order o
/h ßuaran

re 2-3'C above
t lO'C or nore

whereag the
f 80'c.
Leed.

The panel
insolatioñ letemperature difan - absorber taverage externa

(41

(5)

iEî"n8$ "åu3ü8."ã8o".fi)S*""îr "F"grerence across inlet and outlet ofenperature of 4B'C were nèáõuieã-r ternperature was 4'C.

rua
l8
wh

rð
an

A
and
the

lX with

en

le Croas, WaLf ord wa.q Lhe
c tJK uñde r a DEn - l':'l'St,
good.

ps¡lyëål ":t;Iååi"råä ix".f;å'!ßä".:ËïB:îd3Ê"ofl""Ä ;:ilåüfltenperature 'difference acioÀã--lÈè-storage of t4.c waaneasured ín February,
The hor¡se perfornance was rgmarkably good. Theinternal temperatüiã--àlã-'-ñot"äi"p'Ëäiåiì-"ió.c*"iËår, rheoutside. tenrpi:rature. waã-_z-ö-in-Èã6rúãiv. f¡"- r,äüãË wag

H:3;S"BÈ"9 za¡ilrlã..Fî.g"1""Èß"friåii;;-;åå "Äïi pïåïiã"¿ ui

, Five nore houses, described in the table below, have
3ÊiBg r iFå:"'òl¡"u"tl T¡" 'fl31".9.i4.i,, lit', *Ë8i,;:l t r::*. ,'";;typlcal enslish eons[iuc[ioã-ã"åñiõüä.

... I'h" moniL<¡rln6 ended in summer l9g6 and tbe resultswil I be putrlished slioitÍyl
It is. interesting_to note here that ltalian panelsHere used in the r,4apre"ciõsë-ñõuäã^ihõiãris ûri-ñåñür"liiüì..¿panels develooeet ',n!õi_ Ã óii ä;;;i were used tn the fivr:housc:r i¡rvotvail in t.hõ-U¡;C pi"jåüi. l ^'

Mt¡re resul¿s on the DEn and EEC projects will bepublished in forthcornl"g-Ëãpãñä

ir;,Þ[Ii'ä'iir,siË'ff oËliåã: ii;iil;å!*: iii'-+rlif ; g:ii *:
iü$uriBårr"l3?u "nã [hãi--üiii' ¡å"-õ¡jãåt ^";i"' F;t;;.

t\

4. References

(ll O.Â. lJarra and [i. pugliese, Solar Energy 23, g (lg7gl
(2! O.A. Barra et al, Il Nuovo CimenT.o, 73 B, I ll9g3)
(31 9.Â. Barra et al, -p.9ç_lsL tnL Con on BioclinaticDesign, cntania Iialy liggii -""'

3'10r8:iöåri'oålå"Hä;"oFå.3"ifBåån sorar worr<r Forum,

O..A..Bnrra et aI , tsuilding_Energy Mana¡!ement, proc oft.he Oporto Oonf , Pertnmon'tr;ðõ=-i läFöI.

.:

(

i



B6

DEVELOPI,TEITT AÌ¡D PERFOPJ4ÀNCE OF I4OVARI'E SUNSPÀCES

IN ÀPÀRTMENT BUILDINGS

R. FANKHAUSER, HP. EICI{ERf H-_J' GÜNTIIERODT
"t."liaua 

fÚr physik der universiLáL Basel

CH-4056 Basel, SwiLzerland

M. SlEINMÀNN
ökozentrum Langenbruck

Cll-4438 Langenbruck, switzerland

1. Intro.luctiô[

Idings allow in a simPIe uaY the

winter season Lhe aPartmenLs were

nonitored wiLhoul the sunsPaces'

2 nescrlption of the buildinq and the sunsoaces

,11l

The eight- monit-orerJ apartmenLs are located in a six floor high and

south-orientea ¡uir¿i"J'-ïinu"- t tno*" the .facade 
of the building with

Lhe suosPaces' rne mean u-áfue of the apartmenLs is 1'8 W/m2r because

of the great ,i.¿o* tt""-'"J lnt badly insulated walls' The ground-plan

or the ila¿s is shown in figure 2'
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Fig.1. Test l;uilclinq with
sunsnaces

î19.2 Fig.4. sunspace from inside Fig.5- sunspace from inside
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The dimenslons of the sunspaces are 4.5m x 1.On x 2.1m- The glazing
area is equal Lo the floor area (=Bn2). Though the movable glazing
systems are different to open, they all can completely be opened in
sumer, Figure 3 shows an overview of the different syeLems.

8i9.3- The movabLe glazing sysLems

stair-

ca se

The frames of Lhe systems are al.L made of aluminiun and are not
lnsulated. They can be equiped wiLh slngle, double and triple glazing.
Flgure 4 and 5 show Èwo sunspaces from the lnslde.ú
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{. Results
3. Measurements and Data Collect'lon

InordertosÈudytheeffectofthesunspacesonheatenergy
consumPtionandÈhebehavlouroft'heSungPacecllmateÈhefollowlng
guanÈiÈies were monltored:
- climatlc data (outdoor temPerature¡ global and dlffuse solar

radiatlon, wind speed, air humidlty)
- sunspace and lndoor alr temperature
- auxlllary heat consunPLlon
- position of the sunspace wlndows and the door between sunspace and

apartment

The outpuLs of the sensors were transfered to a personal compuLer whlch
averaged and recorded the data each hour. Îhe datâ acgulsltl-on scheme

is shown ln flgure 6.

4 . l. ceñeral ResulÈs

The follosLng concrusr.ons have been obÈarned through the experrences ofÈhe occupånts:

- the bllnds rere rarely used because overheatl.ng was not a problem

{.2. sunspece cllmåte

The sunspaces rere equLped vlth slngte glazLng ln the ylnter l9g4/g5and wlÈh double/trtple glazlng ln Èhe vinÈet f905/86. In order toconpare the tesults of the Èwo perlods wl-t.h dlfferent outdoor.ii.rt.the data reasurements l-s analyzãd by a multL_l!.near regres"to. oi ir,.fom:

Tss-tlout+bGu*1o

uhere lss t
rout !
Grt

sunspåcê alr temperature
ouÈdoor têmperatule
verÈLcal south radlaÈlon

SUNSPACE TEMPERATURE DISTRIBUTION
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Fig.6. Data acquisiLion scheme Fig.7. Sunspace temperature dlstrlbutfon for slngle glazlng
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Figure 7 and I show t.he sunspace temperâture dlst.rlbutlons for slngle

"nã trlpl. glazlng estlnated for the outdoor cllnate of wlnter 1985/86

by nultl-llnear regression of the daÈa measurements' Îriple glazlng
stabillzes the sunspace cll.mate. f{lth single glazJ-ng the temperature Ls

in a wLder range and even falls under zero for few hourg'

SUNSPACE TEMPERATURE DISTRIBUTION
illPE OIÆINO. 'lnl.r N/l!

4.3 tteat enerqy consunptlon

To analyze the effect of the single and double/trlple glazlnq sunspaces

on the heaL energy "ot"ttptfot 
of ttt" aPartments three months of the

three dlfferenÈ. winLers- io"" gs, ,eb 86 and Jan 87) wlth nearly the

same average outdoor tenperature are taken' The energy consumptlons are

corrected w!-th reqard to'outdoor and lndoor temperature' Elgure 10 show

the heat consunption o-r 
-t}re-tp"ttnents wlthout (No) and wlLh single

(sG), double (DGt and itfpf" ttèt glazlng-sunspaces' The consumptf'on is

devl-ded ln Ehree o.tt" ' ti'" "ot"uttttot 
of the room behlnd the gunspace

(llvlng room), the room bestdes "tà 
tht remalnlng rooms of the flat'

AUXILIARY HEAT CONSUMPTION

!o 15 lo
EMPEruFE I C,
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to
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Flg.8. Sunspace temperature dtsLributlon for triple glazlng

The monthly average of the dally sunsPace bemperaÈure course for single
and triple glazlng of two exÈremel-y cold months (ilan 85 and Feb 861 1s

drawn ln figure 9. The data measurements show no dLfference in
temperature betreen double, Infrared coated double and trlpLe glazlng.
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819.10. HeaÈ energy consumptlon of Lhe observed apartments

The occupants of apartmenE 4 did noL use Lhe sunspace' they always

the glazlng open. In aParÈmenL 7 the occupanLs have changed' For Lh

HEAT ENERGY SAVINGS
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reason bhese Lwo aPartments wtll not be consldered ln bhe further
dlscusslon. the heaÈ eneÍgy savlngs rlth double glazlng Junspaces are
evldenb (Flgure l2t rtth respecÈ to the lLvlng room whlch ls behLnd the
sunspace, but even Èo the xhole apårLmènt (Fl-qure 11' ' The effecÈ of
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HEAT ENERGY SAVINGS
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ta
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Ftg.l2. Energy savlngs to Èhe room behlnd the sunsPåce

Èhe slngle glazlng sunsPäce3
deflnlt.e. the behavlour of Che
doors Lo the sunspace can lead
(Ftgure 13 : apartmenÈ 31.

OPEN DOOR ÍIME
to

O

,
I

a

I

!

2

o
a

Ptg.13- tlme of opened door beÈween room ¿nd sunsPace
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occupanÈs ls mo¡e lnPortânt- Opened
to ân r,ncrease of heat consumPtlon
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5. concluslons

the followl.ng concluslons can be drawn from the measurements:

Èhe monLtored movable gunsPaces are efflcLenL ln savlng lreat energy
slngle glazlng sunspâces are very senslÈlve Èo Èhe behavlour of Lhe
occupants, Problems wlth condensed water on sl-ngle gtazlng lead Èo

an lncreage ln Èhe tlre of opened door between room and sunsPace.
Thls can even tesult tn an augmentatlon of heat energy consunptlon'
For thaÈ reason stngle glazLng should only be used If Èhe occuPantg
pay attenhlon Èo Lhe facÈ theÈ low absolute lndoor hmldlty and
t.emperature can prevent Èhe condensatlon of water.
double glazlng sunspsces have reduced Èhe heat energy consumptlon I'n

all observed apartmentg. The average reductl-on ts 28f.
Infrâred coated double glazlng and Èrlple glazlng lncreäse the
themaL comfort, buÈ no slgnificanE dlfferences in heat energy
savings and sunspace aLr temperature were measured Ln respecÈ to
double glazlng
Lhe coefflclents of the multl-llnear regress.lon for the sunspace air
temperature are (see 4,2.r:
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