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EXPRIME\IIS CN PASSIVE SOTAR SYSTEM VITTTI FT]LL SÀCIE IEST IUJSES

Air circr:lation tectrrigtre for treating M¡rìsi using
solar heat gain tåke¡ at soutÌ¡ wi¡dc¡æ.

N. I{obayashi*, S. lû:rakani**, N. Àbe*** ard T. Itrattori****

* $o¡<]D Inst. of Polytechnics, Atsr:gi{ity, IGnagara, Japan** Inst. of lrdr:strial Science, tlniv. of Itoþo, Japaft*** lbshiba. Cor¡nration, Ja¡ran**** 'Ibslliba f¡ouse a Livirry Irdustry Co.,Ltd., Ja¡nn

ABSTRACT

Main prpose i¡r this irnrestigation is the derrelogrent of the tectrriq5 for
tÌ¡e solar heat gain taken tÌ¡r€ugh santtr-facjrq r+i¡dc*y to rnrttr side

lþcms. the aif circr¡laLion ô¡e to natr¡ral q\rection, trhich is car:sed hry tl¡e
t€nPerab¡re .riffereæ, is utilized as tfn teclrriqtæ for ænrirying t¡e solår

scne snall fan or rritÌ¡ sc¡re ai¡ ællector for i¡seasi¡g ÌEat gai¡, pacCicaf
aæIicatiørs of this systsn arre eçected

KETVDTD

Passir¡e; air circr:Jation; natr:raJ. crection; rnrtå side rør ai¡ tgçeratr¡re;
tardenrtype test ts¡se.

INIBCEIrTIOI

In a hor¡se facirg to tÌ¡e sorth, it is usuâl tbat sotar radiation durirg dayEiJrÞ
especi-ally w'int€r c€uJses¡ large tgçeratr¡re rqì fference bed*¡ee¡r u¡¡E¡ locat¡d atthe sq.rttr side ard tÌ¡e rprth side. In tte l{ort}rern ltarÈsphere, rortlr si.de
MIIts; are often qrt of r¡se becar¡se of tlpi¡ IGr t€nperatr¡re wtri,le sa¡th side
rocllìsl are at rcderate tsrperatÐre or overheated. l.tain F¡rpose i¡ t¡is inesti-gation is tìe develogrnnt of ttre tect¡rriqr¡e for conveyi¡g tie solar tpat gain
taken th¡lr$r sotrtÌ¡-
effectirrc, it nray be
side ard the rnnth s
side :oc¡ns is renrar)<abfy inprd.
It is str¡died fiere bry ccrçaratile elçerirnents r:sirg a tarderrQç= teslt lsJse
trder the sane cli¡mtic ærditions, lsr tt¡e air ci¡crrlatiør qrtri¡¡tes to ttp
i¡sease of tåe ai¡ tqperaU¡re i¡ the rntå side ¡æns ard what i.5 tåe mcst
suitable sectiølaf area of the aÍr dr¡ct, fc tle ai¡ ci¡cr¡laticn.
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TEST TTXJSES AIi¡D TTIEIR PffiFORI,g¡G

T\^p t€st tpr:ses vùEictr r,vere all tl¡e sa¡re conc.ernirg t.lre floor sPace ard the
tl¡,iclsress of i¡sr:lation, rære ænstrr¡cted to be adjoirrirg as sts'¡n in Fig. l,
i¡ the canç>r:s of Ttoþo Institlte of Polltectrnics. One of tìe test tpuses
called .|Ai.r Cirorlation I)pe" (ACf) was equiFped witå the circulation systant,
wfiile the otlrer one called "Ondilarlz Ífæe" (OI) was rpt. Air' tetçerature in
tÌíe r¡ortå side nocnrs of both tpr.rse iverä¡reasr:rea parallely, aø ccnparea.
ftte air cj¡crrlation systsn ocnprises of ttre sunrocn space, tlre ceilirry dtrct,
the north side duct ard crawls¡nce as sttc¡,¡n in Fig. 2.

Sunrocrn used
as south side
ai-r.duct

solar
radiation

l{ort}r side
ai¡ duct

SoutÌ¡
trirdo¡, CTawIs¡nce

used as
ai-r duct

the Am tlte OI

Fig. 1. TardanrQpe test tq¡se. Fiq. 2. Ai¡.cj¡ctùation systen
i¡ the ACT test house.

Ttr evah:ate ttre effects of the ai¡ circrrlation, it ¡ru¡st be ænfi¡rcd befone ttx
ocperinents tilat the ü.D test houses have tlre sanre ai¡-tightness ard tlre sane
thernal ¡:erfornrarrce. nir leakage characteristics of tlte test houses r^¡ere ÍEas'
r¡red se¡nrately þr depressrrrization. Tlotal air flcr,¡ per r:nit floor area of tlrr
houses wità 10(pa) pressr¡re differerrce roere 0.053 ard 0.062 (m"/mi¡r.m') respec.
tively, ard ttrerefore the tho test hor¡ses ca¡r be considered to har¡e aln¡cst tìe
sa¡re ai-r-tightness. After blodci-rg t}re air drct ccrçletely by tåe shutter, tà
noc¡n ai¡ taçeratr:res of tÌ¡e tlrp test houses rtere neasured. Ttre difference
between the tÌreñnal i¡sr¡l-ation of the ^êCT ard ttre O,t test houses is that tt¡e
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I.ig. 3. Ccrçarison of røn air taçeratr:re betr.¡ee¡r tÌ¡e ÀÉT a¡rl tlre Cl
test tulse, vrhen tlre air ducts j¡r ttre ACT test hot-:.se were
btodrcd øtpletely.
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by blockirg tle air duct, i¡ t¡¡e rþrtl¡of ai¡ tar¡geratr:re i¡ .¡ifferent rcnìs
lþuses nay
c6æred,

ST'I SIæ CF' IÐRXTI SIDE ATR TT.CI FAR ÀIR CIRCIJIJIITICN

)

Ihe slot size of the rþrtÌ¡ si.de ai¡ ôrct ræs d¡anged frc¡n 10 tþ 20 , ard fi¡al-ly to 5ûnn. Itpse latter resulLs obtai¡ed for tàe fi¡st flær roqns are stgmin Fig. 4. es tÌ¡e prrpose of tle air ci¡cutatiør is co¡rtæVi¡tg t¡¡e teat gairr tothe rnrth side rccrn, tlte i¡s,ease of tåe ai¡ terçerature i¡ the rþrtÌr side run].s¡ Our i¡terest. Ih€ rþrtÌr side roqn ai¡ terçeratlres of both types sts¿ simi-tar tsrperatr¡re varjation but the rprttr side run ai¡ tøçeratr:re of the ÀCTtest Ìu¡se yns altuys hidrer t¡an tl¡at of tlre OI t€st tsse. Fbr exanple tÌrerþrth run ai¡ taçeratue of the ÀCf t€st tn¡se Ís abcn¡t 4.0oC hidrer tj¡antùat of tìe OT tÆt tu¡se in tåe case of slot size 5ù¡m.ft can be qrsiderd tlat üEse t€ÍperabJre i¡Eease of tÌ¡e rnrth si.re mn isdæ to t}le effects of the ai¡ ci-rc-ulatiqr. the Jargest tsperature i¡Eeasems reasured i¡ tlp case of slo,t, size 5ùn. fI
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Coçarison of rccr¡r air taçerabre betæe¡ t¡e Àm wiürai¡ ci¡ctrlation ant tÌ¡e qp æst turse, in the case ofslot size 5ùmr of rþrth side air ò¡cÈ.

ÀIR SPED IN }NTI SrrE ÀIR U}F

rþrtlt side air drrt are afso stsdn ini¡ t¡e Dcrth side ai¡ dr¡ct, ras alnays
lot size of the air ô¡sË. The ai¡

tlte fact that tlre air taçeratue in
sirre ai¡ òrcÈ i¡ tlre night. Becar:se
are ¡pt r¡sed i¡ t¡rese eçerincnts even
In tte case of slo't, size lûm, 2ùrm
abo¡t 20an/s, 50^.65qrt/s a¡d 40c¡Vzs
qpeed hard.Iy ct¡arged witl¡ tìe slot s
r.ære al¡ncst tte s¿!re, abut 2eq/s. f
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ai¡ ù¡ct, i.s ta¡Gn into ænsi.deratior¡, t¡e ci-rculatirg ai¡ r¡olwe i¡ tte case
of slot size 50¡rm was tàe largest aûrng several slot size.

Àl¡ fl.e <ti¡ecLior¡ ,

Àir speêd decreases
rapidly after $Ùrrlse.
Àû fld di¡ecùi.n
tuíL3

-ù,rnsrdAfter sr¡¡set, ai¡ ÊPe€d
of &*rrnrrt flor decreases
gradually a¡d beøæs ze¡:o
at Pil 8: Ài¡ fld dl¡ection

beccnes r4r€d ard
tJ)e EpeÊd i¡geases
gradually LiIt $nri.se.

'18
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(16:30)

20 2l hr.

0 0.05 0.10 0.15 0.20 0.250
(rnlrÆs - rÆnl) t,

Relation betqeen air speed ard
tgrperature difference in ai-r
duct r,¡ith different slot size.
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Fig. 5. 'o¡r .p*¿ i¡ rnrtÌt si.de air dr¡ct reasr¡red þr tìerrnistor
ar¡grr¡reten, i¡ tle caÈe of slot size 50rlrrl'

RELAtrto[ BEnnmI ÀIR sPÐ.AlID IEMPEìAfi,RE DITTERE¡E

Tt¡e relaLion betræen tìe air sPeed in tlre rprtJ: side ai¡ ôrct arxl tÌte air
eia¡IúJled þr sùçle r¡cdel'
of sarc seceiornf area. As tte

tgçeratue i¡ rhe soutlr si.de ô¡cr ff-m'H"srff*.ffi*HËH
can be desci-bed as'

Foroe oth ( Ps - Pn) (1)
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side duct \

pr,='iT ¿*rity i¡ rPrth Fig. 7.
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gm=¡rean air dsnsltY iJr
air ò¡ct

h =hi$rt of ai¡ ôrct'
g =gravitatior¡al aceeleration
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be described as' 
(3)

Figure 7 stlcrrts tlre relation betvJeen the air speed ard the mlr¡e of right-hard
term of Eq. (3) &tai¡ed bV the erçerirents wittr the d.ifferent slot siãe of the
ncrth side ai¡ duct. Às rre can not consider ttre corrtition of the nreasursrerit
to be steady state in a strict sence, the oçerinental rnlues are scattered.
Holever, it can be seen that the ai¡ ion to thevllue concernirrg the terperatr¡re diff size of th¡eair duct. In tlre case of slot size I est anong
several slot sizes.

CþITIjUDIIIG REIARI(S

lhe ¡nssi-bifiry of the ai¡ ci¡cr¡J-ation due to natr¡ral convection ard ttre
effectiveness of the air circrrlation to the rcc¡n ai-r teçerature v¡ere studied
by ccnparative erçeriJrent r:"sirry tardenr:epe test house.
'dhen rearrarqilg the oçerinental results,

1. Ttre ai¡ ci¡crrlation due to natr:ral corn¡ection occr¡red fairly good ard
the air speed i¡ the norttr side ai¡ dr:ct of slot size 50rrn t^,aÃ about
4}øry's in dayti¡e with solar raôiation. In the night, tlre flcry di¡ec-tion in the rnrth side dust turned cp6nsite of ttnÉ i¡ daytirre ard
tlte air speed was about 20an/s.

2. The rprth side rocrn air tænperatr:re i¡r ttre AÊT test house was mai¡-
tai¡ed about 4oc highen than tàat of ttre cft test house all day.It may be concluded tìat this taçeratr:re differer¡ce between these
rocnìs is due to the heat transporL fram tlre south side to the north
side rocnrs by tJ:e air ci¡culation.

It is qcncluded that tt¡e ÀCT test house is r:seful to convey tlre heat gain frontlre souttr side to the r¡crth sioe roqns ard that ccnrbiJri¡g wi.tfr scne sñaff fanor with scnre ai¡ oollector for increasbg heat gain or wittr scne rock bed.,practical a¡plications of ttris systen ca¡r ¡e eçected.
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