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1 DI SPLACEMENT VENTI LATI ON SYSTEM BACKGROUND OF THE

I NVENTION 5 10 15 20 25 30 1. FIELD OF THE | NVENTI ON
The present invention relates to a displ acenent
ventilation system 2. DESCRI PTI ON OF THE RELATED ART
A di splacenent ventilation systemis well known as an
air- conditioning system capabl e of reducing poll utant

concentrati a occupi_ed zone in_an

T condr 11 DsBLAGEMENTAEEN L ATIOR svsmmM

envi ronment even when tenperature of cooling supply
air is relatively high. In this displacenent
ventilation sBAENGRQUNDQOF arHBEr N VENTIOBt | y

| ower than roomtenperature is supplied at | ow
velocity to the occupied zone fornmed in a | ower part

' ﬂxﬁglﬁqqg ace, and pollutant such as
l'l(illjlrfglbba%hgggﬂ]pro uce Ol}ﬁ the air- Eondi ti oned space is
car r i EHe oesentippentipantlanés td heiisplagemeﬂm ittviteﬁfilﬁii@m@?ﬁem.
[ nerate en e supply
Zgﬁﬁ%ékﬁgeﬂﬂ@&lb&l iﬁ%ﬁ%@fﬂf‘gﬁm exanpl e, a human
bod ext:shi ' [ €:. | L, .h1S .
Fecontordshidienichs ABHIEHHA. SORRICs Jrell kmown, a3 an air-
caditionimg, systém  d2gpable naf cedieig agpolintaandedesdrgration of an
Cui del,ine for D splacenent Ventilation, ASHRAE
ocgipied | Zepg (Hyoy lﬁrﬁorﬁ’gsmﬁﬁ abPacge| 8K tKeeping pprgmiortable
L S i : i . .
ertiohPebt hofl R IEMRkMES df ld1ifl SUBBEIRS IS ebpRely high.
Iy thiiscilisplacenueritovematilationd spdteng nair ey ¢enipe mtug@ slightly lower
heated ri sin i rfl.ow gener at in the poccupi zone ,
o RO, HTDETAtER 1S TP b A O PRy (ehtherocctpied zone
FopHEectin ¥ Bt Rabeint 1R MFRIRitBhod 4Ba8L aRP 6] bl Sich o5 dir
arttgws@raiduced amtae axfranditipoed space iisiedmietli goca Upper part of
the |li.ke. Wth such a displacegent ventilation
the) airabpnditivned SPach By % BT ATHeatitnis IgeReBHed when the

sdi?iﬁﬂ?l&i?[k} hEARAHY h HdaPlolifed &bg&ggmﬂé Ng RG] PBlﬁgﬁ existing in

he air-condi'ti oned space. el ess, al

thehvecupiad Zanecolt i neearhmendeshid aaefetepce & uan, X., Chen, Q.,
oA HERRGRR, K o RRLLSS LOURALNS 210 FRR et o
DiilhcdBBht CORGEMAIGH! CASHRAE Trans.,, 105(1999), pp. 308) that
velocity of supply air in this displacement ventilation system should be
regulated to 0.2 m/s or lower from the viewpoints of reducing uncomfortable
draft and preventing the heated rising airflow generated in the occupied zone

from being stirred. The displacement ventilation system ventilates the inside

of the air-conditioned space by discharging pollutant together with the
heated air from an exhaust port provided in a ceiling or the like.

With such a displacement ventilation system, a zone at high
temperature and with high pollutant concentration is formed in the upper part
in the air-conditioned space. Nevertheless, air in this zone is continuously
pushed out by the low-temperature air supplied into the air-conditioned
space, so that the high-temperature air with high pollutant concentration is
not stirred but exhausted. Thus, the displacement ventilation system is
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not stirred but exhausted. Thus, the displacenent
ventilation systemis 2 beneficial in that the

occupi ed zone located in the |ower part in the air-

condi tioned space is maintained in a clean environnment

and the occupied zone can be_kept in a confortable
tenperature range even if the“tenperature of the

supply air is not |owered. Thus, the displacenent .
b@@ﬁﬁ@laétmothﬁyﬂlee@pcgpzedezp@@t1@@83@1 an ther lower part in the air-

AR TG ¥ 0, PRI e
z6he phadsTkept Meatdomfdredble tefperansy rr@ﬁg? @Rkl ifahk ltkinperature

g regul ating a difference bétween fool-Ilevel .
0 érﬁaéwa@m &r ahnohbawerad; el hus cthsedisplaoereent vantilation system is

oSBTy 1 B {RRITR AT B e sovine
and opleratimg evitla higld veatdlati@iptficiencs. di fference between
air _and exhaust aiyr. Therefore, many |arge air

suppl ; -
suppl i"hlﬁwi‘ihs‘ip e peendilajien egysiem hensures comfortability by

{15 dijti C [ [ ' |.f 1 cul
r@IaBRRs! | AIRGeRORC e oty BT ] i eac-Leve
tevhparavere, toyfen dxaenplel BaCaot 1¢ss EEGIUASHR AT canifoae Standard),
ali\{vlgt urce or 15 its vicinity, th ol | ut ant

a heat, so e
tg?l‘sf‘égaﬁ‘rsgléjlaﬁrf@rmpﬁl@t%&ﬁ iaekﬁrg@rf@larﬁlto’h@P aki upder a reduced

ol Lt |

AR e AL A WA NIGSPRE) U RBore, many

largeeve supplyeumit hfa}ae It? lhe?dispredh@ﬁl tha?m_c?ﬂ?ﬁtbn@d $pace, and it
n.efrect or ca g an L1u

. heat source, ryi | nQg . .
isp Spmetianes CAFGHIItD, Sesyre ihplase 4ot apsialling thecazisypply unis.

t i [
NSbse: ReIBE R, R 0RP L Bt squre o
itsmieindtyyihe tpolhitansispdisghargdd from skee wecnpidd gone to the ceiling

i ngtallation,place, yeduced tenperature radi ent of
bgnﬁ&asﬁi%ﬁ 18Re, aiffloVin Sordhal Bae pelbeandt Conqantratipn of the

‘HHa LN pi ZOPRyw [ e t :
Overﬁlihl atﬁlbroﬂra} (s;?'/tg?g?n S kl)gglh propoés)%%’ fﬁg?ﬁzg%?rﬁﬁlllj%tg%}t Is not
assoglated| with ahegtisderdd, mn éffectgoficagrying anidndiluting pollutant is
coffpone tsf to blowut air to.increase an induced )

SPg|luse HHataAT ACKUPRBL Ry mossibly suféerathe exppsyre by the highly

hefeRPyiri mproving a diffusing property of supply air
Japanese Patent Application Laid-open No.

2002- G226 8)ch ircaiathamyeOfvithiEhe NI fi¥alizing a more compact
aigggﬁhﬂfy: %qg %}?gééé@ihgnitssy?ﬁs%g]lg{i%u%ffce? UPJJALYce%I Ir’céamperature
gradient of an occupied zone, and an improved effect of diluting pollutant in
the occupied zone, a displacement ventilation system has been proposed that
includes a plurality of guide fins for giving rotating components to blowout
air to increase an induced volume of air in the vicinity of the air supply unit,
thereby improving a diffusing property of supply air (Japanese Patent
Application Laid-open No. 2002-372268).

SUMMARY OF THE INVENTION

A displacement ventilation system diffuses supply air, to thereby
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20 25 30 enabling not only reduction in unconfortable
draft but also reduction in a vertical tenperature

di fference in an occupi ed zone, w thout any increase
in facility cost. The present invention provides a

di spl acenent ventilation sysiemwth further

i nprovenent. That is, it is an object of the present
invention to provide a_displacenment ventilation system

enghling inptcaplybredustionyiniunpomfostajde dnafbbut @dso reduction in a

v BB SRRt UF B oririd8 ol Bt fibh Bfcrease in
fayi Htye rBosand Thehipedsdi sirpenitioy Predidys bl alplidensnt grgégtilation

property. According to the present invention, provi
sysiem avish| fethesnimprosement: i obhaly s, dilh ishal qhjeebofsthe present

IRl SRaRiURBH Rl Y SRBHA Shved sl fRhoable of
ghdagbedargdieatigtbeandf hatating Qﬂ_ﬁ)rhptﬁoﬁélﬁsaid SOPpRY ioRedinduce a
space, .the displacenent ventilation systemincl udi n%

lagger odnmey ofraly hyddhei iptatedaairathaminaeoreentional sy

] r e.: ' o give a
WS bk B o e it A0 SRR Bl 0 O T o o
i s t oAkeokdiagn touthd nireséhte iaventiondiiovided siRage ,di%placement
t he, pJural gui dg fins_being arranged radially aroun
vertilahion systene that pstissms Vestilation by supplyiag lew-temperature

SEH BURSHRNGIE ot b TOSIOERE EAA0 49, AOE s e
heated dirgbolsexl dsaxi &l | thev dib-corftiitished s uppty, phet digplacement

suryound a perjphery of the plural guide fins. )
V@aféfa&%swe@ mchadingsa p aftiof g ins Hintaeeattached in an

[ r 40
S SHBE0Y BRIOE LIl nBRBYERSE Lo b RGlabft Smnopent o the
leawitampairatre iabn wdfich e taibe blipphyoutdnto tHéeir-omeditisaldd space,
may, be, nmad ?f n. acoustic, majerial. Fyrther, dhheflai_r
t r9l BBF‘fes Wﬁ;’%’égﬂ%ﬁfébrar agl @rarpgyan axy the air supply

pBA A FSAntdd B é@%ﬂﬁ%lgéﬁélhegfé:l%% (lteér:r% eélg@% ?Jee}‘%#}%hgﬁ%r to the axis

rotating conponen
o dlodr apr gyppk;dﬁm; hanmﬁ qﬁiﬂc%lﬁiczﬂcmneirnnftﬂ &iagbsefd coaxially with
sur.roundi ng the periphery of the ral, gui de finps,
the-ir SHEPlPAE 10 FiEToRng ﬁdoeraal}%ecﬁét i Plusalpgide fns.s
may d,i i ol ' . : : :
o O SLBIGC s BOPET 48 SIS I i of the i
supplpl porpas equbhta lor dargesethananhalfert avedth aifithe gfuitiedin in the

erforated plate is preferably % .,0r hi r.
a}%@iffﬁ{?%ﬂmﬂ of tiﬂﬁa%;ﬁkpniwman i‘gsrﬂm&r o\_%ﬁrmaaibe made of an
an p i r :
AR R RaR T RS SHEEF sublply PRvisHad e SHBRLYKANA Pluralty,
eadhvp@videdovith4ahe plural guide fins for giving the rotating component to

¢ms and

the low-temperature air and each provided with the cylindrical inner wall
surrounding the periphery of the plural guide fins, and the guide fins in the
adjacent air supply ports may be slanted in opposite directions. Further, a
perforated plate may be disposed in front of the air supply port. In this case,
an open area ratio of the perforated plate is preferably 40% or higher.
Preferably, a diameter D of an opening of the air supply port and a distance
M from the air supply port to the perforated plate are set to satisfy a relation
of M/D = 0.07.
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According to the present invention, the cylindrical

inner wall is fornmed to surround the periphery of the
guide fins, so that a |l arger nunber of the rotating
conmponents can be given to the lowtenperature air

which is to be bl own out in&g the air-conditioned

space, conpared with a case ere no 5 cylindrica

inner wall is provided. Accordingly, a volune of air .
i n t hAcgprdingo i thieo peesentatyanitus etheoeydindrisel ommnerewall is

RN sUEATRE RIS 0 e SIHRE O T 3L g humber of
tHeergtatiaglé@mpbhelsovth batdvihaoahe-1ontthbeRatrs BAC®hich is to
can be quickly lowered _and its tenperature can be

bg hlermyonhinedhemir-sonditéened spaessicmaparsed witharcage where no

e_A. tigal:.t i I i he ¢ .:. - .
o G B s B Ber RS & vk ofgig n the air-
cofditivnedi sphes dadutad dycei flovw 4f die tHlewvinuRivedengRigture air
by g heated rising airflow, can be diluted. The,
(gsiteiamentniasi)i 6anike m fstﬂfdargﬁreﬁ%&weﬁelqw of the low-

S BLAGRTER I GRL LY BTRpde SBRke BARA fuiciy Lowered
amESERIAThEMtOR JAiEbBRAMENGS AikEd. This makedenpbisible to further
b] ock di axgr amto describ di splacenent ventilation

I efh weldnad teinesatise cdiférrensatinothe rair-gpadiigned space. In
i i QLN F [ ' f..an._ai y .
oAV e FL o 36 it add B4 8Lclnd, gl B Yoecupied
zohohy aheeated tising airflovg can Bd Gilded.s Thoesrepent irveention is
view . of an air supply ortlin V\hichgrﬁiédefins are .
bepeticiat 9 ves couven 1@?@5 FRIACSTAENE YABBHEHTE Sy FieHs in that the air
[ | [ ] | owt enperature air when

S%ﬁgﬁ???}nﬁnﬁkﬁg%?@?@p%’?t'an ai r[mcondi tioned
space; FIG 5 is a perspective view of an air supply

L i . : !
Fotati ng. colBaRth OB SGRIPTROR A 2EHE RR A B Phe”
| ow-tenperature air when viewed fromthe indoor side
of the air-conditioned 30 space; FIG 6 is an

expl ahKGorly iwi aa\lquodnlfemaatic shlppkydagram, to hdesarilsd ie:?glisplacement
V%q%i? n%g%zsﬁggnaa%qc%gdgqmél%pe% & tgcii?neaﬂtrotb ‘r.lh%mﬂ]regglgt inrv%gtion;

FIG. 2 is a front view of an air supply unit;

FIG. 3 is an enlarged cross-sectional view taken along the Z-Z line in
FIG. 2;

FIG. 4 is a perspective view of an air supply port in which guide fins
are attached so as to give rotating components in an anticlockwise direction
to low-temperature air when viewed from an indoor side of an air-
conditioned space;

FIG. 5 is a perspective view of an air supply port in which guide fins
are attached so as to give rotating components in a clockwise direction to the
low-temperature air when viewed from the indoor side of the air-conditioned
space;

FIG. 6 is an explanatory view of air supply ports, the rotating
components of the low-temperature air blown out from the adjacent air
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25 30 supply ports being in opposite rotation

directions; FIG 7 is an explanatory view of air

supply ports, the rotating conponents of the

| ow-tenperature air blown out fromthe adjacent air

supply ports being in the saag rotation direction;

FIG 8 is an explanatory view of air supply ports, the

rotatin conponents of the | owtenperature air bl own
Slumlym@%s being/iay eppesits rotatiioacdinecti®ns;suppl y ports and

t he | ragl. ] ' ports hoth being in .

oppos i(g ?}ot%{t %ﬁn%@%l@n?{g@l éf glri §u8p§? éfzﬂf?s’ the rotating
componetthof the IWte!m}?%@‘tﬁreV%ﬁlOlebWrP RANOASM Nthe adjacent air

correlation to the distance fromthe air supply unit

sypplymeorts bpingcishthe same setatian direetieiem of the present

I nvengien ¢ | C ' . _SUr d eriphe .
B g T N e

cogponents af thyslewtenipmutursuclr sbloyn nder ; fréh(G the0 vertically
1.5 a graph showi ng how foot-I|evel tenperature, whjch

s ag
agjgcenndd grpphsinsitesadithe, lateraipeadincert air supphe@orts both

e i ust air, changes in
b%%kr\,@l gﬁfﬁ%ﬁﬁ{%%m%ényg?cgﬁ%{gfrom the air supply unit
in tFK}.dQ_Sina%ﬁi}ﬂﬂsthg hetv dte systienmfait Relddies ehbnges in
i nvention i i.ch the, cylinder surrounds the

coraeiasioay yoothe gistgnraelromhdhanatri FUPpky &@at dnt thenalisplacement

" e V 0 .
VENTRIRIC el 61 1h re SRR h WisBEPylinder gprrounds o
péréphesnof thel gunidehfind snd fyld sdniveationahdispla¢ément ventilation
)éﬁ% l'i nder) surrouqrﬂ}r&gqt_he peri phery of the guide fins
S VENRYE Sach @ Tocity when the flow rate of the
| owt er Lt . [ ORI
show ]ﬁg@'t r@t (E:J%%r gkéat%}? f)sr}11 O%gip:géelﬁ“{ Ete)gr'éng lhtseé}?p ?'{?2‘9‘%’ which is
maygki diménsibnlessewithahl tepupdratuter Jifferenoarisitagenhsupply air and

eri phery of the guide f.ins nd, averagge airfl ow .
eXaust 3%, Ghesges As qarslatigndodhe fistanss. erptheeifr ®ipaly unit in
IS d; ; [ r | l: :
tHeCHiskRacs TRt veRHlatich, st GPERSIRERER. LRriRRih which the
cytader sirrofindbehe ypernpleerybef the varide dingla@d 4 the comventional

dihlrsmnen Ve etiaRssRfomar GRORT Bt AAVIIGSE | ar ge

PuroeIG] YR @R U e SIRSeH S of o
cyliredréedl inner wall (cylinder) surrounding the periphery of the guide fins
and average airflow velocity when the flow rate of the low-temperature air is
90 m3/h;

FIG. 12 is a graph showing the correlation between the length of the
cylindrical inner wall (cylinder) surrounding the periphery of the guide fins
and average airflow velocity when the flow rate of the low-temperature air is
150 m*/h; |

FIG. 13 is a graph showing the result obtained when noise generation
is compared, with a material of the cylinder being varied;

FIG. 14 is an explanatory view of an embodiment of the present
invention where a perforated plate having a large number of ventilation holes

is disposed in front of a front face of the air supply unit to be parallel to the
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10 15 20 25 30 front face; FIG 15 is a graph show ng
the correl ation between an open area ratio (an area
of the ventilation holes) of the perforated plate and
the maxi mrum velocity of the lowtenperature air; FIG
16 is a graph showi ng the correl ati on between the

di stance from the air supply“port to the perforated
pl ate and the maxi numvelocity of the |owtenperature
frgnt facg;c. 17 is an explanatory view of an enbodi nent

i n whj cyl.inder is nat provided en the front .
face gfét ag%auaré@é@ gpﬁ%g?dﬂln’]]igt t(fﬁ:a(gor.gela 8(%%“’&%“ an open area ratio

(drhiaedan ©Fthe FéatildBiohsheleRP loTndiet pmdordtew slhtddhdethd Aximum
that are formed by punching out” a circular flat

velogity: ofths loye-tewipgragiuae 8itvi ew of an air- conditi oned

o 0 TS S g st o
tHehairagupplges@mn ttocthenp@tfbrneed agteSan@nhe thikimlm $ebocity of the

tabl e show ng,states of air-conditioning operation
l%ﬁﬁmﬁqﬂi@f‘-@'%ﬁiﬂﬁl e of the present invention and the

or apht Sovi nat r SR fgetord Sies? 0P AC diptigdiings 1 plivich the
cyliedents invtepitdvidedngthehetheoffoat afaty eoﬁtm'rﬁiiﬁ?sutbpl)? unit has a
regarding vertical tenperature distributions at"a D

saigient thiekness;i s a graph showing air velocity

di st rhyt i -at 8] oy r

showi Eg}ailfgq\}gl %gﬂg‘?@pgﬁ?ﬂs&{?i%ﬁﬁ o%nf ét%”%é B&B%%P arg) formed by
padchingeogr @pircatavilagplate; vel ocity distribution at a C

poi nt FI§,25'sagraph showi ng air velocity .

di st rFHdt iL8nisa# Plare BIpWiof an atr-condgioned; sgagpaccording to an

i fi i i ] SBT*
C IR BEIRe ek OB 0O APRE PSS AR BT shows
thesama@gmbnﬁb%ﬂ&(@ﬂnemaﬂgtsbgiﬂ;on di slt ributi og of
trac as,. . whi IS made di mensjonl ess wtk )
C(r)nc:ﬁ(gaépo‘ﬁ %faﬁgﬁ_ stakse OF air-gondinongag eperpéan when
e ExBET O 4AE rBs iy FRNHEN QA TE BRPAARE Sliofles 1, 2 are
catnparédyut i on of tracer gas,
FIG. 21 is a graph showing results of comparing the example of the

present invention and the comparative examples 1, 2 regarding vertical
temperature distributions at a D point;

FIG. 22 is a graph showing air velocity distribution at an A point;

FIG. 23 is a graph showing air velocity distribution at a B point;

FIG. 24 is a graph showing air velocity distribution at a C point;

FIG. 25 is a graph showing air velocity distribution at the D point;

FIG. 26 is a graph showing results of comparison regarding PMV and
SET* at a place 1 m above the floor at the D point;

FIG. 27 is a graph showing concentration distribution of tracer gas,
which is made dimensionless with concentration at an exhaust port, at the A
point when the tracer gas is discharged from a machine H3 as a heat source;

FIG. 28 is a graph showing concentration distribution of tracer gas,
which is made dimensionless with concentration at the exhaust port, at the C
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whi ch i s nmade di nmensionless with concentration at the
exhaust port, at the C7 5 10 15 20 point when the

tracer gas is discharged fromthe nachine H3 as the

heat source; FIG 29 is a graph showi ng concentration

di stribution of tracer gas, which is nade

di mensi onl ess with concentrat{on at the exhaust port,

at the D point when the tracer gas is discharged from

pohd whehi the Hacap gaseishdischasgrd deomrthe nechine dHgraplthe heat
how, ng concentration distribution of tracer gas,

S@Pﬁ%?h is made di nensionless with concentration at the

exhaupIGPoptis AtgrhPR sﬁovﬁ?ﬂ%néoﬂ‘&ﬁﬁréﬁl&l (di A IutERP ofSracer gas,
di scharged froma place 1 above the floor at the B

widehis masdeedimensianlessuvith caticentrationGt the ¢xhausypaph at the D
i tration. di;stribut i f .t .gas,

oGRS (R Ak e B bl Gd, R i REAhHE R 4 the heat

s@uftaust port, at the C point when the tracer gas is

di sc aréed fromthe place 1 mabove the floor at the
B poi KIGwA8ris agraphtshesvingeconcentsation distsbutiom of tracer gas,

RS SRR B8 SOIERIL BRI AR htAGF bt ot the A
paintt\bheﬁ?théltﬁeicd?%ds isadistherded B@mta phre 1 B8 dbodeethe floor at
gas is discharged fromthe place 1 mabove the floor

tha B poiat whese mo heatrsouiee &istssour ce exists; and FI G

erper Botre th & & PR HORREL LRt B BB i pocer ges,
wiiphliy nedde dirgemdoalassenith d@icehoradidn anthedetHwt pRITE at the C
of aiy conditioning.aif is sgé)rf}o 4000 nB/h in

PREKOVAG S HACPD 858 ig discharsed frararipernlace d wrahaye the floor at
ﬂ@ﬁg&@‘%% éag\éogcg HE; L NVENTI ON 25 30
reinarter, pre

erred enbodinents of the present
i nvenFI@n3@i isl a lpraph eshovwibgdconddntrftiei eicteibgidrhef tracer gas,

wiadeit Bude '%%&%b%l%ﬁf%ﬁ%ﬁ%ﬂ?@%@f AR, bparhat the D
Py e BIP RSP s S IBFESE o MENRAT) eHyove the floor
theoBrpoiat where no heat source exists; and

FIG. 33 is a graph showing comparison results on vertical
temperature distribution measured at the D point when supply air
temperature is set to 30°C and a flow rate of air conditioning air is set to

4000 m*/h in heating operation under outdoor temperature of 10°.
DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, preferred embodiments of the present invention will be
described with reference to the drawings. FIG. 1 is a schematic block
diagram to describe a displacement ventilation system 1 according to an
embodiment of the present invention.

An air-conditioned space 10 is, for example, an office room, a
computer rooml, a guest room, a banquet hall, a game hall, a printing room, a
hospital room, a lavatory, a kitchen, a machine room, a boiler room, a factory,
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conmputer room a guest room a banquet hall, a gane
hall, a printing room a hospital room a lavatory, a
kitchen, a nmachine room a boiler room a factory, 8 5
10 15 20 25 30 or the like, and is demarcated by a
ceiling, a floor, and sidewalls. In the exanple shown
in FIG 1, there is, for exanﬁle, a person 12 as a
heat source_ in an occupied zone 11 forned in a | ower

opdhe lilee,tand as demoangatdd byda sealing, aofloatr,r andmptlgwalls. In the

bl $haPlEirF i 17 e d5 bty mBBle, soke®e5 458 heat source

irdaAvedi@lpidd Zohet DB fBiedofdh lodredart RAGRe Hir-cdRditioned space
simlarly, an exhaust port 16 is provided in an upper ]

18arAirosupply pertsidwanre providednian ailowesmirt iofrasne sp&o’all (right
Q. T, t ol he. apr: . 15.wi .l be ...

st e cdbiignsd sheGs Tolin iRRbyiR) 17 iR tnslrir ¢BRditioned

spioev] Olethd Qiﬂnﬁaﬂﬁ,aan exbaust sertiIs Isherdvaned iﬂﬁhtuﬁﬁer;ﬂhﬁt of the
sidewal | 17 of the ajr-conditioned  space 10, w'th

sideyrdl 14da the aimeanshitivaed gperpodbd Tihe stiractusewef therair supply

AT b RIS e e
oB 4pday fHoe siROin thislowsPparbf the Sidetvalkl 7 kAT theirdbRditioned

sidewal | ;17 of the air-conditioned space 10, the
spacer Y, withcafeontaiace b pherepbbeing sxppeedite shgdawer part of the
SIEBREIEL B0 JEPhARIded s P ot v e ol A

ced fromo n into an air-

condi Asshew2th F3Gs Zpph itk frentt fage B Ir of thizphir suiply 2@t 20 thus
Vi a ai.r supply duct 23.. Wt{] this structurg, the
GXMQ%Q%Q?%EW@ Bayt afthessidgpli &4 ofrthe airsopditienedispace 10,

. : ; . p .
B B M08 B S e A5 ercctly
Léw-tompemtimvair B tprodutéd feomr oondbdr airedAs pakken 1Ato an air-
The air-caonditioner, 22 i ncjudes: a cogler, 25 and a

cqmﬁ{tl&ne(%%t is jed: ¢ theaig| supply Nt 30 43 aneair sorply duct 23.

VS BB S8 0 8P Bl i

suppyaorts ¢ondilticlede forsped én 1he frorauabe Deofille sivppbply unit 20,
duct, 23 and the air supply unit 20; and so on., As

tosvarariierpeaugied zoge i luimihe loveer gt de the ai-gendigioned space 10.

TR R 003022 ERREL. b $606H3 it SRR By o
copacg the autdobi e QDA sapirodiice ke dow-sempesatnes bir 83\; an air
su'?)ply fan 27 sending the produced low-temperature air SA into the air-
conditioned space 10 through the air supply duct 23 and the air supply unit
20; and so on.

As shown in FIG. 3, a plurality of guide fins 30 for giving rotating
components to the low-temperature air SA which is to be blown out into the
air-conditioned space 10 are fixed in each of the air supply ports 15. A
supporting member 31 is disposed on an axis 15' of each of the air supply
ports 15, and the plural guide fins 30 are attached to the supporting member
31 at substantially equal intervals, so that the plural guide fins 30 are radially
arranged around the axis 15' of the air supply port 15.

The plural guide fins 30 are slanted at an equal angle relative to a
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supporting nenber 31 is disposed on an axis 15 of

each of the air supply ports 15, and the plural guide

fins 30 are attached to the supporting nenber 31 at
substantially equal intervals, so that the plura

guide fins 30 are radially arranged around the axis

15" of the air supply port 15? The pl ural guide fins

30 are slanted at an equal angle relative to.a 9 5 10
lemexdopsxampleatie {root faseadplaf, therair supply taée2 @) pefpendicular

p . . . g \
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vivvpd afl ﬂi@ﬂMntMﬁ?ﬂ?lg% to}fﬁl@e gh@@é g IRt slhﬁﬁng;ﬁiﬂ&tion of

fins, 30, and t, g irection of the gujide~fins
theogniferfios 304pdFliGad padrthat i8 BlG. §ppuesppposise daceach other.

SREaRE G2 4 Ve, L, el b Rl 0" Sotating
camplogletk n 3@ gt clockos@idiratdan atd gitién to the low-temperature
lowtenperature, air SA which is to_ bGe bl own out from

air faAamhichdpitp Berklowm ont dremethe rir supplit pored Ssiideethe air-

R, 3 1k e e 2B i 20 i
vigwesP fidn dmifdéar Sideoof thdeivtbedithand spdee 40i dir FIG. 5, on

so that rotating conponents in a

tbf@; ‘3@1@%?@353 ﬁﬁ% &id figs S Gareeplanted re th@wcttéﬁpgrca:zm}o@nents ina
ke M €, 1200 AW BB BT SAURIN i o be

blovemtoutaéen? thef airheumily sorpl§ imbttheOairscondivihetlr pace 10,
ilge i ndgor ida;of the al r_Cof]dltlgfﬁd space 18_. The .
woeBrtheqtrgnt dacs 2sofhe,air sWpRIY: Halt Jis atfiewedefrom the indoor
: the ' er 31 in each of the air
Slgﬁgﬁgep%ftcgﬁgg‘?&i%d ?g%ﬁ‘éem'e | ow tenperature air SA

bl owiThe ostahtes iguiddefiak BOeasd rthaspridialipi att2Chédvabdnd the

SRR TS 30 Aigaql 05 B SiRtOIPIARINS 1nrssughA the low-
teggﬁeratﬁre%ip Rl bg@%@f% : -t}ﬂeﬂng{aeso ﬁrr'suiaﬁgz UR§25 4 P8ward the

nponents I n t wise directron or
aiarsupply povisskS dandst farcedrtoufidw slomgasirgades ofitlee guidn fins 30

MR AT O TN R -
cnboRpas i e eRos, ey 4R RS b around
theentis d&l' aye givemtrethd lowentpevaturt ateSA tédichdoos beilslewn out
bR ef g{rrgurf) l)tf E]xe)rtasi 15 toward the air-conditioned space 10.

As previously described, the plural air supply ports 15 are laterally
and vertically arranged in the front face (the indoor side face forming the air-
conditioned space 10) 21 of the air supply unit 20, and the rotating
components given to the low-temperature air SA which is to be blown out
from the adjacent air supply ports 15 are in opposite rotation directions. To
explain this, vertically arranged four air supply ports 15a, 15b, 15¢, 15d as
shown in, for instance, FIG. 6 will be taken as an example. The guide fins
30 in the top air supply port 15a and the third air supply port 15¢ from the
top are slanted in the direction as described in FIG. 4. This means that, when

the front face 21 of the air supply unit 20 is viewed from the indoor side of
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condi ti oned space 10) 21 of the air supply unit 20,
and the rotating conponents given to the

| ow-tenperature air SA which is to be blown out from
the adjacent air supply ports 15 are in opposite
rotation directions. To explain this, vertically
arranged four air supply port1§ 15a, 15b 15¢c, 15d as
shown in, for instance, FIG 6 will be taken as an
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ai r-conditi oned space the | ow't enper at ure air SA
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ARERGHL STHoxbhe YRR LA SLBES 6 sAHRE) Nor 32 15 and o
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On the other hand, when the rotating components of the low-
temperature air SA which is to be blown out from the air supply ports 15a,
15b, 15c, 15d are alternately in opposite rotation directions as described in
FIG. 6, the blown out low-temperature air SA is in the same direction
between the air supply port 15a and the air supply port 15b, between the air
supply port 15b and the air supply port 15¢, and between the air supply port
15c and the air supply port 15d, so that the rotating components of the low-
temperature air SA blown out from the air supply ports 15a, 15b, 15¢, 15d

are not offset by one another but mutually promote rotating motions thereof.
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On the ot her hand, when the rotating conponents of the

| ow tenperature air SA which is to be blown out from

the air supply ports 15a, 15b, 15c, 15d are

alternately in opposite rotation directions as

described in FIG 6, the blown out |owtenperature

air SAis in the same directidn between the air

supply port 15a and the air supply port 15b, between .
the alhe wiphon poonglthe auticaldy samangepblair popply seorts 15 is
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supply ports 15a, 15b, I5c, 15d_ are not” offset by one
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ports 15 are vertically and |aterally arranged in_ the
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offhath FEfia st Bab s RIS FIGERSEh L Aher, the stanting
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a{ﬂoéﬁvtrgcgaiatfth@_rfpméngf epmpenanis adjthedaw-tempergipre air SA blown
oSl ey MscBBP3R, LioFGLBObFDI e Th B sdbfe rotation

diecgoni ons of the guide fins 30 provided in the
respective air, |y ports 15 _1Q e set so that the
r ot at ﬁﬁg’s\‘%éﬂﬁ&o &% ewénd@w% dfpbrest i sumppngm periphery of
= afhr t [y ' i I I
(HR% Pt} tide" S 13UF aliAkRed ol B He Bl Y s, 5 The

cylind$rB2 3s astachkd idesacBof thef xeippdy oUfidwath an axis of the
ins 30 attached. iLn

i,ph f h I I id
Sarriiepd ﬁ%tshfrngi Gﬁ%luai?géo%“sogéfle THE SUpPl¥\peitgls. 3Zhe inside

gk A6 AR Ls Ve Ry KBRL 15 G0 diameter
of theaphuraligpiide pins 36 . atfdvheldn$n deachdiofinttee nirobupply ports 15.
der 32 is St ant t he outsi de

cyli et. sub ially equ 0
Agrcq ¥, Bt cpela off ﬁwaﬁlrgwmaym%s ﬂg,at&lﬁa‘é‘ﬁ@é periphgy of the
: Al ] [ ' f:
pftral Bk finS MPIYeBRoyadce by 4F Rt BAINAS (15T ipper wall
3piwitlithgaxdetidres! Atitclsinguthecudis dd;} by tlan airmH@ply?Idﬂ 33) of the
cylindcical ingner wall 33 wj e ' reo
YRR 3 (Haersboie, o8 showr e TG, 4ILI G Degpwpfiemperature
i ref.ore, . i I ..
aig A /bt MBSt IS aE-cARBRAY ofhct 19, ford Mhe inside of
th'enham supplpiunitc2a dhrd)mgiedlﬁs amﬁlp;ﬂyfpm tlﬁepaitmis de thé cylinders
ai,r supp unit 20 throu the air, supply, ports 1
33 e HE Rb¥ Sepredve 9t SRy ke 5o Ahghi e, the Tow-
e o | i . :
tepRERFLC! Fr 30, AURR, f1ohe i Jakfacke blMMRe gl fif309M cach of
thgucynderss 320 sontledctheofow-temperature air SA is forcibly given the
rotating components in the clockwise direction or the anticlockwise direction.
Here, as shown in FIG. 3, in each of the air supply ports 15, a length
L of the cylinder 32 in the direction along the axis 15' of the air supply port
15 is set equal to or larger than a half of a width 1 of the guide fin 30 also in

the direction along the axis 15' of the air supply port 15. Accordingly, the
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the cylinders 32, so that the lowtenperature air SA

is forcibly given the rotating conponents in the

cl ockwi se direction or the anticlockw se direction.

Here, as shown in FIG 3, in each of the air supply

ports 15, a length 30 L of the cylinder 32 in the

direction along the axis 15 6f the air supply port

15 is set equal to or larger than a half of a width 1
peripheey glintiteast a 8df poshon or mee of itee width dlofithe tgmde fins 30

58 6o A5 S0P B SEPIT LY A
tHROIre@ WAl 3306t cylieded sph Not‘éf thta't‘ ¢n gHé @RahiPle 3hoviin FIG.

the direction along the axis of the air suﬁly.
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tHehgnidefingi3d th theolidebtiondalogde thensxidq.s' afdthehiis sﬁ?ﬁly port 15
peri phery of the whole portion of the wwdth 1 o e

ISgsmeumdeébmhennnwzeW@dlr%m dhe gybinger B&. axi s 15 of

t he ai 5 e inner

vl 133 SR IG frcam s3naEY GHERAT, if¥ialdife’ "G haust fan 40
isexbanstteduty tifd exhabintipagt 46 & 8 inathet@pped part of the air-

connected to the exhaust port 16 di sposed |n the upper

conditiosred: spacg 0. d¥Kb: tht%ﬁtéucwgc@lr stayingtin theiupper part of the

S S o s P AR BB b g oy, 0
eq’ulpanmtcr@m thedike %stﬂ@itpmtm-%ndﬂm@dedk@ml 19@) exhausted

b RKBRY & EAENTONER e PHELSk RBBS A dache ALIEISc: no
St‘? Eéﬁﬁt%% OispiGednBAL SERFRRGH SO eRT ' 85 sBEhERuaRive, the air

weply fare27 cypdratgermiend therloSAtanpettate air Sheproduced in the

ar nd|t| er 22 into the_air-conditioned space
altftﬁftmgﬂoﬂﬁe i teuihe gir-eppditipged: spacgi 10 stgﬁgu lthr:talr supply

o5 2970 85, 855 B ARGAS 12 DR EBR 0L N pasing

th:reaghsthenairhm pl)yl OderIS,Ztt&I ﬂ@whmdnperaamhaﬂf SAh@assds in the
cxiihbesta ] Pbaeha sn och Liher e SUPBE PRES i dAT Rhlitiws, the low-
te{ngé\éﬁ?mtehﬁr gx ﬂBWs @%lngsf}ibg %J}’f%{:es o thé%t% Egtﬁﬁ %0 inside the

erature air Iven fotating

cylondnooelrm'ﬁler walbh83¢sockat ﬂr&e ldjwaem;xenamn.re taeSA is forcibly given
anticlpckwise directio hi s ngnner the rotatin

theo KotatiRge COMPRNERTS gp\tﬂg g fection or the anticlockwise
direction. In this manner, the rotating low-temperatu:re air SA is supplied

from the air supply ports 15 into the air-conditioned space 10.

In this case, the periphery of the guide fins 30 is surrounded by the
cylindrical inner wall 33 in each of the air supply ports 15, so that it is
ensured that the low-temperature air SA which is to be supplied from each of
the air supply ports 15 into the air-conditioned space 10 is given stronger
rotating components, compared with a case where the cylinder 32 (inner wall
33) is not provided.

Then, when the rotating low-temperature air SA is supplied into the
air-conditioned space 10 from the air supply ports 15, an inducing action
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fromthe air supply ports 15 into the air-conditioned
space 10. In this case, the periphery of the guide
fins 30 is surrounded by the <cylindrical inner wall
33 in each of the air supply ports 15, so that it is
ensured that the Iom#tenperature air SAwhich is to be
supplied fromeach of the ailr supply ports 15 into
the air-conditioned space 10 is given stronger
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Fﬁ, qdrepaEser ibeyween ithe qasa-wherscthe: peaphery efithe guide

ﬁh%"gy & ol ﬂh@é&l%tﬁé tcgfln glcag gﬁlll%y‘?l\,glggf(ﬁgffngggg ) and the

casgewherdethpecylihdery 20f igt het progeded iang ﬁﬁ;s ghe penphery of the
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glelgiﬁ ﬁundie‘ﬂégy%i@hg h%%le‘:e fhéhe plmémgzﬁndsngﬁat Spemﬁcally, the
CIPc'EL‘ﬂ‘éi* %ﬁd F]lg;gﬁillyt eﬂ&f’ts e R4 Lake %yd%;n gle D 2045l Werd brovided

0 the toll'owng I NQS.
atSb?sq)lﬁcexaiﬂ yhe tfrent fiacecl ghegitit =upP!m, mﬂtﬁ =18. Emﬁof the air

h a.di.aneter. D = 94 re prowded at 12
Sqnptly piif 2lnand fhe sr@%% werse oitacheqd in gach @fﬁmaﬂ supply
t
Gy 71y S04 0 o 58 8 ey o
thst gmdeLﬁns \B»Otfi:ncll1 tlwtcwidtho?e the %ghmigp Ghlidwege bEm;%ared regarding
erl, ulde, T1ns nd, that . w t hou
hQw) 41%@1*7 %31 e(eth%r%%@aumr @g&feﬁpﬁgy 1Hdhﬁaﬂ1¥-ﬁpaddt10ned space
i
7 850 e A o Bl ) o the i sy
undt 209 rakmrpearin émmeialtihm fo tind dﬁﬂancéfrm‘h tﬂ'lleeﬁ'@nt face 21 of the
air uft%ﬂy unit 20. The results shown in FIG. 9 were obtained from the

comparison. Further, the same structures were compared regarding a

difference between the minimum air temperature and supply air temperature,
which was made dimensionless with a temperature difference between
supply air and exhaust air, in correlation to the distance from the front face
21 of the air supply unit 20. The results shown in FIG. 10 were obtained
from the comparison. Note that the minimum dimensionless air temperature
which is taken on the vertical axis in FIG. 10 can be expressed by the
following equation.

minimum dimensionless air temperature Tp* = (Tp —T)/(Tg — Ts)

Tr: minimum foot-level temperature, Ts: supply air temperature, Tg:
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unit 20) changes in correlation to the distance from
the front face 21 of the air supply unit 20. The
results shown in FIG 9 were obtained fromthe
conpari son. Further, the sane structures were conpared
regarding a difference between the mninmumair
tenperature and supply air telﬁperature, whi ch was

de dinensionless with a tenperature difference
cperyEant tyupenajueg r and exhaust air, in correlation to
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Rl RaERIENE bl ol ile Shaondl bifhe B Teppergeure ai
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ai. . enperature ajr. in the al su )
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Cpossditretly,othgi aieflowf ﬁtteimmlﬁn% qreperty campmnsnisprovéde In this
| ow-tenperature.,air .SA which_ is to be blo out frqgm

ISSRECh CSHERFFYL JBYeRtian isseanable gVl drgen pumber of the
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808 n RO 03RO Gtk atte 04 WAy s tg b blown o
frpon the afasuperly pmirtsvebitsined the) cylindedakcether wall 33 surrounds the
Consequent ly, th j rflow attenuating property capnot
P%%Pnﬁﬁ%r S0l gHide, s ﬁ@sﬁéd}l‘?v?% the edsdromngaiaring from the
j ble of giving a | arger nunber of the rotating
p%%?r%%ﬁgnts to the lowtenperature air SA which is to

be bl©Oun studies on the length of the cylindrical inner wall 33 (cylinder
32) surrounding the periphery of the guide fins 30 has led to the results as
shown in FIG. 11 and FIG. 12. Specifically, the relation between the length
L of the inner wall 33 (cylinder 32) and the width 1 of the guide fins 33 was
studied when the guide fins 30 with the width 1 = 16 mm were attached in the
circular air supply port 15 with the diameter D = 160 mm and the periphery

of the guide fins 30 was surrounded by the cylindrical inner wall 33 (cylinder
32) with the inside diameter D = 160 mm. The length L of the inner wall 33
(cylinder 32) was varied in a length range corresponding to half to three
times as large as the width 1 of the guide fins 30, and comparison was made
on air velocity distribution at a position 200 m distant from the front face 21
of the air supply unit 20. The case where the cylinder 32 was not provided
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fromthe air supply ports 15 since the cylindrica

inner wall 33 surrounds the periphery of the guide

fins 30 to prevent the air fromentering fromthe

peri phery. Qur studies on the |length of the

cylindrical inner wall 33 (cyl.inder 32) surrounding

t he periphery of the guide fills 30 has led to the

esults as _shown in FIG 11 and FIG 12
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It can be said to be preferable to set the length I of the inner wall 33
(cylinder 32) equal to or larger than a half of the width 1 of the guide fins 30.
As described above, surrounding the periphery of the guide fins 30
by the cylindrical inner wall 33 makes it possible to give a larger number of
the rotating components to the low-temperature air SA which is to be blown
out to the occupied zone 11 in the air-conditioned space 10 than when the
cylinder 32 is not provided. Accordingly, a volume of the air in the air-
conditioned space 10 induced by the blown out low-temperature airflow
(entrainment ratio) can be further increased, so that the velocity of the low-
temperature air SA blown out into the air-conditioned space 10 can be
immediately lowered and its temperature can be raised quickly. Then, the
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measur enent under varied Rei nol ds nunbers of bl owout

air when the flow rate of the |owtenperature air SA

was 90 nmB/ h and 150 nB/ h respectively, it has been
confirmed that the airflow velocity distribution does

not greatly change even when the |ength of the

cylinder 32 is varied. From alﬁpracti cal point of

view, since the width 1 of the guide fins, 30 i s about
lopy-tempesaiure ngir $Ae suppljed inteftheneir-eeeditioned space 10 flows

g5 R ol it o 2 PG Belon S Bl S 1p fpiberature
difBereoytiaidbprad)ally fllsctie becgsied tende 1pkeflas dbWer art in the

e length L _of the innper, wall 33 (cylinder 32

set t . .
aégﬁmcﬂﬂ@n@d spacgd athlaw yelegity, o theé the @crupiest zene 11 can be

B ' i?ﬁﬂ a ve, surrounding the
K%@%&%#)ﬁ%%%%@a%ﬁg%@i ns by the cylindrical
I nner Migdniwidide,nipkée otcusiediure 10 igithe drdcahdeioned space 10,

nunber, of  the rotating conponents to the
thezg axdsise far @xample, @Q@\nﬂrmﬂ@ £6 BHACHt sAHIC O that the low-

t %ﬁ&ﬁeéﬁ Eﬁ'ﬂéﬁo @@eﬁli‘s isﬂpég&ll gbr fgfeo g?%%I 2132038 3 t¢%ome into

nder n
théenml dion gdt%t,wiihvthbtl%ﬂi_sofé 20 ?t%én‘ edrq]ﬂipﬂlimtawlith heat generation, or
copdi i opned spage i nduced_by the out .
theoﬂﬁ@ éﬁ%@%ﬁdﬁ%aaﬁ tHng o sg@mly ﬂion%n%(ﬁﬁgﬁ@ seethapgirt and gas
r ased, hats t:he el Qgit.y: .af l;qw-; .
plOUCHR ArBARERBRE pRRoh A2 (H° (HE' BELiel! ZohE 13 Min  the air-
capditontd spmeebH) cambediatiidyby thersih@aiflaw to the upper part in
t enper at ur.e can be raised quickly. Then, the 16
theoﬁ;/rk?’t ‘ilg{lﬁﬁ?épﬁﬁﬁ‘? @A supplied into the
air-c Lt : I . o
"' 1 oheh; 4 (BEaRROER) Yaying ' W Pt Ip AYRHir RBbitioned
spticdef £0 qraseeanhraygdd tiad lexhaibt porthed endutlieedxhamst dict 41 to be
t.he Lower part.in the ir-cgonditione ace 10 at lqw .
XIS 55 1B rbiatist AE BACH IOV D1 thh dkbatskfin 40 Without
ioNtai i a t ir el.ey: AN
bER" SHIRES i, bRt | BRBpaRY! teRRM b sl ph" in the
ocdupiedezorst § | foomeek e lowie paer swithd 2imsoaditeaied space 10,

so t.hat re air SAthaé [

sqQurce he | ow .tenperat . LS .
Tri s Pannato 16RO PREA g A birk anfl gas dielischaseod domg with the
. b i . .
hEASHRAE i Wl RppRE LR of he ShTEenETARA Mk 1G] WIER the low-
teshpeagungoainpS APl beingnsupplied de thier ocaupledazonepi ddinc e lower
aro the person 12 in t occupj ed zone 11.in the .
p& ot B Al cPEEEC s sbas 10, Soubat Bie Fiude phithe aif-ongitioned
o ] o S y .
SEAde L0y VenHibACHRRRT (R Dbohfied SnE 11 OME foflSfart of the air
conditionedidpacai 10 iokept imae eénvismpentof thpakesasow-temperature
A g[gugh t he exhaust port 16 and the exhaust duct 41 to
4@ Aexhausted as the exhaust air EA to the outside of
the eABé‘éﬁiingetﬁ_ the dis Mé?nerﬁe\'/é}ﬁﬂ%ﬁbp_rsﬁgtem- F.the person 12 in
wi t hout disrtpting tehperature stratification'’in the
the occupied zone 11 in the air-conditioned space 10 is allowed to scarcely

feel draft. Further, a volume of induced ambient air (air in the air-
conditioned space 10) whose temperature is higher than that of the low-
temperature air SA blown out from the air supply ports 15 increases, and
thus the temperature difference between the low-temperature air SA and the
ambient air becomes smaller immediately, so that a vertical temperature
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occupi ed zone 11 forned in the |lower part in the

air-conditioned space 10. In this manner, the

pol l utant such as dirt and gas is discharged al ong

with the 20 heated air fromthe upper part of the

air-conditioned space 10 while the I ow tenperature

air SAis being supplied to tife occupi ed zone 11 in

the lower part of the air-conditioned space 10, so
diffierencadni the decwpiedhzone rl-Ic omdheiaineonditpened space 10 can be

A A A ool e s of
alROoHdfioRed sphcé e Wltﬁﬂ:ﬂe's‘?ﬂél‘l&ﬂ'ﬁﬁ{sﬁblé AmEn@of aipAnd enables

According to the displacenent ventilation system 1,
cemsipdiamwte enengy saiagsccupi ed zone 11 in the

air-c . tioned .space 10 _is:all d to~scarcel f eel

air af (1 gt SREFEOIRES Gy FRaisIf LB RiER SHnilodizieiis of the
prReht i @drtiort Bagl bkt R MRAcEbad ShiPihe/\bR&ent SHPEIAEN i€nbB limited
toI;l gher than that of the |ow 30 tenperature air SA

mabediment shewai in dhepdrawingss 1 exampiesthaeylindrical

Sy SRR A BORS AERRe T 30 e of the ain
s@smgl %brﬂsﬁt@dth@. eby . madet 6Rtand a¥isti€ 3hatceimer # Whes khse, the
1 5 20 25 30 difference in the occupied zone 11 in

cyliredey; 32 atsalh attaghed ypaach of thamibsupplyr peds Lemayee made of

N T T AT .
siadacd bf eheoplinder032ai r and enables contribution to

ener avings. In the foregoing, an exanple of the .
pr ef g@‘l@d I3nsbawgerassilisr of eompaEsenton f@ise | ganaration, with a

mRfeCHTCRP Betindiy 32 hBES Wi Bkt lidafivachoisg when. the

et oory o e apied! potyutighind Tught tnuBoing, absorbing
e . 2

pmn%ﬁyaaarrtcggqs’vmﬂwgc Beens Zais medesel phyweed jage .compared,

) ° . . _

ald oo thewcE b Ayt Ll 44 850 il nflure i

SAcandt noiseegendrationois shewacoUsthas beterdofimmed hRat the noise
di spased .on ap inner, surface of .the cy|inder 32.  FIG
gene1atens 15 ekeflucedorwhenphs sevlibdeh ol 4 elsyanadat pénthe foamed

P Ben s JE D RRcd? b0 v ed

Further, as shown in FIG. 14, a perforated plate 51 having a large
number of ventilation holes 50 therein may be disposed in front of the front
face 21 of the air supply unit 20 to be parallel to the front face 21, with a
predetermined gap M provided in front of the air supply ports 15. This
structure can further improve the airflow attenuaﬁng property since the low-
temperature air SA ejected from the air supply ports 15 further passes
through the ventilation holes 50 formed in the perforated plate 51 before
being supplied into the air-conditioned space 10.

The open area ratio of the perforated plate 51 (an area of the
ventilation holes 50) when the perforated plate 51 is thus provided in front of
the air supply ports 15 was studied. The relation between the diameter D of

the opening of the air supply port 15 and the distance M from the air supply
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cylinder 32 is made of foanmed pol yurethane high in
sound absorbing property and noi se when the cylinder
32 is made of plywood are conpared, and the
correl ation between the bl owout velocity of the
| ow-tenperature air SA and noi se generation i s shown.
It has been confirmed that tHE noise generation is
reduced when the cylinder 32 is made of the foaned
el Vuretthenpetiohied plsteubd whs @lvo studietdecAn Bin supply unit 22
as. shown.i.n FIG 14 a perforated.plate 51.having.a
hing e fatlowing sqUttte 3¥as RIeRATed” sE0FS, 4 Thay Tk 21 has a
diBhemsisaof ﬁe%ﬁrﬁowﬁnﬁlhﬁ WIRR! 600 afith dhdGh fHeefidnk face 21, air
supply unit to be parallel to the front face 21,
supply portpriddeach itk dhgabamepenld geti88 mfir were gfrovided at four

o AR BiElins she Attishedinl et S uR gt sithbl brus 15. Using
tHi9wir §L§55ﬁl$'f @hige, %&n@%iﬁb@%ts‘iﬂ)r?ife‘a”aﬂ AP rafBB! Sor example,

orts urther “passes _through the ventilation holes
460 mofred The mhexipaumovalenitypl off she1laeftomperatairagair SA was

88 o, Co ol iR e OBRE RS 16 ot g BATERERRL plate 51
haeing vehtiRRidiPhetedBD vACH WiR #9 hemalftnelert wadlvdrfed. The

thus provided in front o the air supply ports 15 was

f
distanpeely! behweenithe ipniforated platend] andnidecair supply mests 15 was

ARRTTOCH Bl "T18 foy i8Rt Bteel 1BC0Rt Bif YRS fipa of the
veet fatioat ledlep| S)eoSthenperfotated Pluw S .andnthl masiBbhy velocity of

uniit 22 having the follow ng structure was prepared.
then dew-temperatageo @ir 1 Sde was rexanined gbneadh off positipns whose

ISP g Hots IR AEE ot BerldhAlia BRGE 53wadiig e, 400
P, 0700 etingand W00 pimeespectitlguiTiee fdstdtsvbiotvin Fed 5 were

i n, each the air supply ports_15. Using this ajr .
0 @ﬁmi Noﬂt@ that themaxdmumair yalgaited mt Westmade dimensionless

Vo h d ' f
i B G 58T PR A5 Lot por 15,
haobper icoafirnted thathelepetheadgen hagd eatdd of thergerferaeet plate 51

.plate 51  having ventilafion holes 50 each with a, 6 nm
ISdﬂa%tOérh 1y §¢ edfecthet the sirgsent mypatigeds ime impaired and

3 | . nd 1t i Sy . .
NP SE P R e AN SRR s con e
mioat iredftdd valiea thé dgem area ratio of the perforated plate 51 is about
60%.

With a similar structure, the correlation between the distance M from

(D

the air supply ports 15 to the perforated plate 51 and the maximum velocity
of the low-temperature air SA was examined at each of positions whose
distance X from the front surface of the perforated plate 51 was 100 mm, 400
mm, 700 mm, and 1000 mm respectively, with the open area ratio of the
perforated plate 51 being fixed to 58% (the diameter of the hole = 6 mm) and
with the distance M from the air supply ports 15 to the perforated plate 51
being varied. The results as shown in FIG. 16 were obtained. Note that the
horizontal axis in FIG. 16 shows a ratio of the distance M from the air supply
ports 15 to the perforated plate 51 relative to the diameter D of the opening
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ventilation holes 50) of the perforated plate 51 and
the maxi mum vel ocity of the |owtenperature air SA
was exam ned at each of positions whose distance X
fromthe front surface of the perforated plate 51 was
100 mm 400 mm 700 nm and %OOO nmm respectively. The
results shown in FIG 15 weré’ obtained. Note that the
maxi mum ai r. velocity Vnmax was made di nensionless wth

obithe agesupplyiopertvisl QW/D). VB bas bren pesifinneed shat aalifference in

ﬂ%a%%%@%‘ bl Velogfy Rl 28 AR oS R a¥ie iRl Rtrom the

frohoherfacehsf ehé qdrferatéd plateesenis m@@rrhnerhén rtﬁé distance M
i npai red and espemally at the position X =

t he
freaxitheraisi suppdy oty Nnéx thenp Ora’e@dtpllaéfuljdeavam@et to 7% or

Lo D e fiRetet 10 0 e e o B RIS R 5 o

bet \Aelmﬂémaﬁwmnﬂ@ bk ddwerided BUMIG, Poinid sbSforth, the
to the perforated plate 51 and the maxi num vel oci t

peiphery ngﬂlﬁeﬂb@%fm’se 3Qiis saTauaded dvy ribe lélﬁleéaWﬁﬁo33 of the

CPESOY, PA3RSRE R BRI BEHEPT, HORRFRE suttics

1fa¢1ﬂy1ﬂﬁolzmarrwaue33 i stetoundinphtiehpedpheryaiofaheagiideofing 30 is
t he erf ted plate 51 belngflxedto 58% (the
Pravadedorngithe ey lindes 32 as MY nasgssailynetssatiglstepraficnlly, the

L0335 A 8 0 00 SRR i
haaoaa.wiéitleﬂbtlﬁckhess tahd theoldrmaht Bl ofixhe innefkall 13@) which is

sho a ratjo of the distance M fromthe air sup
fosgadsing g qydindsica shepeavien phe carcylar &ir PoTt ﬂfé is formed,

sl PRIV 5108 E81 A E5iA0LEI30 48 v i

FI;(]}f f1&r eRoe exampplee wieett vhenfeont fagleo i tof fiee airasupply unit 20 is

Betfﬁgg%ﬁf‘ﬁpgose c. g %%%P ef@%%g] hﬁqsm{;{do 2 @r%rntlg Cetfect and
per f or a% ég‘lt ‘%ﬁ@éﬁ% 6\1%; seypﬁp layC?g/ﬁ{o&r& %ﬁg glro &2‘? thred but also

thei mnlubaonﬁnqimse genpeatiorgastlesdrebed in $UGH I 18 ¢ax be b&pected

R
S Pttt e el b 96, e, he

stitictsné oif ceblowout member attached in each of the air supply ports 15 is

not limited to this form. For example, the structure such as a rotating airflow
forming plate, which was previously disclosed in Japanese Patent
Application Laid-open No. Hei 9-250803 by this applicant, may be adopted.
Specifically, this structure can be easily formed in such a manner that a
circular flat plate 55 is punched out, with a circular center portion thereof
being left as a supporting member 31, to form fan-shaped guide fins 30
around the supporting member 31, and the guide fins 30 are bent at a
predetermined angle to be slanted, as shown, for example, in FIG. 18. Either
of the structures can be adopted as long as the guide fins 30 capable of
giving the rotating components can be formed.

The form previously described in FIG. 8 shows the example where
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if only the inner wall 33 surrounding the periphery of
the guide fins 30 is provided, and the cylinder 32 is
not necessarily essential. Specifically, the cylinder
32 need not be provided if the front face 21 of the
air supply unit 20 has a sufficient thickness and the
l ength L of the inner wall 3é@ which is fornmed in a

cylindrical, shape when the circular air supply port 15 i
thes S&@tm,dm@lmmf the guiderfes 30aareasefalso dhatt Hee rotating

IR T, s B SR B, B el
adjacent ailﬁdﬁ%pfrjl/ ploats 1 Sogle & dpposifckpotarien! dRBEtibAs,! Bhile the

soynd absorbi effect . and has a sufficient
ratatieg nee@mporsnts iy thendowytemperatare iair fod blayinr edt from the

: -ed ON LR NOES (0 a . . .
lafels; Bipden® HE BP9 apofs "By e T TR, pétfe! Fotagiopy, direction.
Hoewsreirpsicinsetting 6 the ﬂaﬂtiﬁﬁ@iréctidﬂseoﬁthﬁ ghideufige 30 provided
.fins 30 are radially attached to . the supportin

1 eRIr3UPPlRRsts thds Bet wssentdalf Eommp?amthﬁerslanﬁng

CREARERE e Sy T 3040 500 858 e Oapppments of
theslow-teteragraiaif Sowbléwnnongfionatthe Iuteraly wel§acent air supply

reviously disclosed i.n Japanese Patent  Appljcation
PoKs 350%@&11:@10%?6 got@@e'go%rwlwﬁ, §Nla§§|th@ aﬁ{)a,tm&yom@onents of

ik . e
RO eSS SO Mo e HOAEH PSSRt sy
poIss ﬂﬂrﬁm?'? thetsame tdntaailo_mi dicrad:?frat))n,cﬁl?a’:ti@h this straoturedsanst shown.,
: s g supporting menber 31,.to for .
Aftgmdivel¥a the slanithEsdinctiors widthe, guidp s SBgprevided in the
rfberad s SuSoof s et 8PS i e BSGRE htents of
theglovEtempreratfretdie SAr blown esutchottb ér@dothieelthtamllyoadjacent air
S oS SR Ry o 15 are i
i o . f |
oSl LR GG eTmatirert s Sthesal Sodhfha
rodateng eonypondres doftthe lowatémperatureain S blotwnt et from all the air

| ow-t enper re.ai.y SA blown out fromthe_verticall . .
SURTYS JORTES i AL, i Ithe Saes PAIR e IR ChPBoFHENED: sHeth setting is

e
blatiracetfrair thaipi supplyt portS k aré nrregalarkynin theatame rotation
AT &S5t ' @ Min opposite rotation directions. The rotation directions of the
rotating components of the low-temperature air SA blown out from the
respective air supply ports 15 can be arbitrarily set.

Further, such a structure can be also adopted that the circular air
supply ports 15 are directly formed in the air supply duct 23 to blow out the
low-temperature air SA into the air-conditioned space 10, and the plural
guide fins 30, which are intended for giving the rotating components to the
low-temperature air SA, and the cylinder 32 are attached in each of these air
supply ports 15. In this structure, the air supply unit 20 is not necessary.
Another adoptable structure is that guide fins, a cylinder, and a perforated

plate are attached in an architecturally constructed air supply unit and supply
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However, such setting of the slanting directions of

the guide fins 30 provided in the air supply ports 15

is not essential. For exanple, the slanting

directions of the guide fins 30 may be set so that the
rotating conponents of the Hﬁm#tenperature air SA

bl own out fromthe laterally “adjacent air supply

ports 15 are in opposite rotation directions, while
arrhpassesalfy HYS curpdmply suit.  Ahwalbwrta deasbdedagerafloosamay be

ol 98 ingchfifid (e A SR BRY Bi on G et on. - Ehough
thi s Theuhicimeay ben@inrideeydto tihe hiar m}iﬁl%ehﬁt at B&op, a side, or a
sl anti directions of the u;_;jﬁ_l fins 30 provided in

n
boltem pégbé &T $ePBly uBlppl esSUPRlY & 188y passttheeugh the

e LU ERIRRIRR S be S o V! SPRRERLY UL Gy s case,
t}w&irasu%lﬁﬂdcf upreotthe aiestipphl Liyitddjnet eiRcesddrys B@dides, the air

ports are_in Oﬁpasite rotatjon directions. In
£

supRly: yh may, be ingtedled grogndiaspillsgssi bl e that the

t at [ | if Fe
o ot SLEXRTBvar PR HIeF 4SS e 16l lip2in FIG. 1 may
bs lanevictﬁchtdblm‘tufkil}] ngact{ oPthe tEMltﬁall‘ﬂﬁrair Mhostthbtdigl@fﬁdiﬁoner 22 for
al so, pos e tha e rotating conponents o e i
rq ]ln%ﬁ'p V&S e Héﬁt?acg/s?fr B{Qwﬁﬂgﬁﬁhgp remabipe fam 40s 1hg eated air
<5904 1218t AL Sl RIGRE LN i s cominuousy
pushed ioan byi tleciowrengderahare aiotSA i suppliedpendns $ower tpaet in the

] owt enpergture ai A bl o out, fromth respective .
al&rqorgﬁﬁepﬁ phRES o8 g&ﬁt%@é,mﬁwom%ﬁt IRQYEiﬁmﬁMﬁifh med in the
ﬁTﬁ& tyHC = al dgpt ed e lar
ca| r 2%%&‘5 %’gﬂ-t@%ﬁ 1021%&1 d"‘} %ggt Iq? f OM rrg%tol‘}r??’t htzleai ré}ﬂ%cement
veniplatior systedd oD theopresent tinwentiow ismpplatable toi vafidus air-

i nt.o. t he, air-conditj,oned ace, 10, and th | ural 3
Cé%&ﬁ@fﬁ%nﬂg%‘%ﬁss \Hﬂltc myted i%(ﬁtaeiﬂe!@agfr@for@ﬂ W pet?hé’erSOﬂs varrous
] : : rature air SA
eg%f’i‘%fgtg gi;ﬁ!fﬁe e %{1&9 at B%gﬁﬁé\’i LBERE!

.|nder 32 are atfached 1'n each of these air
supp! Yhpodispladement tiertilationcsystem tdfe the r psasent yinvention is

unit 20 is not necessary. . Anot her adopt.ahl e structure,
SWCWSS A §LSIPITh §‘}P%1%’é§g il AW e MRFTRr Rl flaF%@&oalr-con%Itloned

S5194 u  aoheic WS Lo AR eatn
aipeswslitioningiin avhichuhpgl-temperatiireatir v sapplied into the air-

Cgﬁﬁlfﬁj e- l;la%i)%{gﬁifflp_lq%réa{{%é. be wutilized for installing the

In the displacement ventilation system of the present invention, when

high-temperature air is supplied into the air-conditioned space from the air
supply ports, an inducing action works so that air in the air-conditioned
space is induced by the supplied high-temperature air to move together. By
giving rotating components to the supplied high-temperature air by a guiding
means when the high-temperature air is thus supplied from the air supply
ports toward the occupied zone formed in the lower part of the air-
conditioned space, it becomes possible to increase a volume of the air in the
air-conditioned space induced by the high-temperature air (entrainment ratio).
In accordance with such increase in the induced volume, the velocity of the
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The duct may be connected to the air supply unit at a

top, a side, or a bottomof the air supply unit.

Further, the supply air may pass through the inside

of a double-layer floor to be sent to the air supply

unit. In this case, the air supply duct up to the air

supply unit is not necessary.““Besi des, the air supply

unit may be installed around a pillar. For exanple, a
high-tempenaturelgirshenames lower domediatslyefier itlissuppiied into the

o5 Y8 e RS S s Rl Bk, i
rdsidtsciadsebstananilgi e uneentforabié draft ééboﬁlﬁ&l%‘i?%t ek gupply of

air. staying in the upper part in the air-con I one

-ternperptiis aishoward the pecppisdezonsut by t he

tho  EPREGHT FBhlirtoss W% it fadrdfse THcel Biduedd volume,

vt miferamire ér fmtﬁ@dw?i%ﬂezon‘eﬁféﬂnﬁ@d o thé®ower part in the air-
air-conditioned space 1 Mor eover, the displ aceirent

cqugitiongd space,is mansesk withether sinplied higinteroperature air, so that its

LI 5P 0 BT T i i) whose
teperab®Rt hasibder Reiskt kiuectd Bie atixt@ecot trdlahaempethtire air in

di spl acenent venti]ation,system of the present

thenassupipd | Zonestanst tthee digh-tamppesetawe sappsypplied into the air-
gty e o | _
cAR RSB AL 0 S SBbly, A AR wBRARE: cue o it
telﬁl!lli)éhﬂattlﬁfé friyet, higatthe gairaédndiﬁlt?:ﬁbgi spétawti'f]mneﬁiawly after the air
| -Lenper re alr.1s s red I nto e alr -

Sl&?iﬁéﬁ P ?r?féeﬁ shacecinity wéath%ﬁ@e.l‘fm@-_t heonsegpeadgnpallutant or the
RSB0 M GRSl led e PEERR0) AR Uit be carried t
thel victmityliofitheediligace fromthe air supply ports, an

i nduc acti on rks so that, air, {n the . .
air-c ﬁ%iw tﬁlﬁam@weg toh dhe evichyty K tappmeiling comes into
j t LIt £ ¢ ; \. L Vi -
gt GTRBCCUINE ey O TR ne PhpgBlrbdg, the o s
caoledblyy ahguwdllnghose aempédraturehiead ibgbnt kewperedt sineeaitrhas been

i's thus supplied fromthe air supply. ports tqQward the
cq@édg?ﬁéau FibrardiZPes SR agai toathe egeupied gope. Thereafter,

LR i 36 SPEN e HghSCBIERORSH G989 supply
porisitio detchyne dehiglytermpemturs agsineand (eove aprtoghe vicinity of the
r.ati o) I n acgordance wi th such increasg.in the )
cqifiige oihg it ifethe sEcuRiEd Gang o tharar soteitioned specegnd the air
in the vicinity of the ceiling thus circulate, so that the air in the occupied
zone is continuously displaced with fresh air moving down from the vicinity
of the ceiling. This enables heating of the occupied zone without causing

any occurrence of uncomfortable draft.

Further, while the air in the occupied zone in the air-conditioned
space and the air in the vicinity of the ceiling are thus being circulated, the
air in the air-conditioned space is exhausted from the exhaust port, so that
indoor air is continuously displaced with the fresh high-temperature air
supplied from the air supply ports. Consequently, it is possible to remove
pollutant or the like produced in the occupied zone and so on to avoid
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30 high-tenperature air beconmes |ower inmmedi ately
after it is supplied into the air-conditioned space,
based on the | aw of conservation of nmomentum This
results in substantially no unconfortable draft
acconpanyi ng the supply of the high-tenperature air
toward the occupi ed zone. Further, in accordance wth

such increase in the induced volune, |owtenperature
defieriqratipne obcthepiisdogbrairs ordveddeserihas 1abwaie, pthet displacement

VBl sEREH pE UE brolGlyRotCTs Kb GpBERIETo heating

africonditionihgtfer heafihgnthet becwpied(2oneth ahe)ainkesditioned space
tenperature has begen raised due to the m xture of the

by swlisplssmanireniilatipn methedoccupi ed zone and t he
hi gh-tenperature air supplied into the air-
condi tioned space fromthe air supply ports noves
upward, due to its tenperakmlei se, in the
air-conditioned space imedl ately after the ajr 5
suppl 40 - Hongd spasenl @ ymschimagspompgrith a 190 m” floor

, t ' ed :
SR a0 BheeRThe HAE asialFeohfifoltd VAR AT sl pply unit
and a ndwrly idispoded iof thiehsir-eonditigned bpaee 10t has shbw in FIG. 19,

. hoves to,the vicjnity of the ceiljing conegs into
iny RaARe ViSH: 14 i sonditinned rceHd Bas achha o1 deaa floor, and a

page P NI oXoTo1 t | .
TR o T ahbattfort (nobSair FRAHORYA  {c e WMRRed in part
theyeofit dbloe mizzle drad @o®B0 dann digaietert and hie Woswpbead supply air

zane. ereafter, he ajr is rrixed,vvithihe

heyigpn afheheient DOSKIn: dAS B aiRSURPHY B0Epiyo kinds of air
SIS B0 Bregirdt 8 SRS RSB ERIGIPYEuilc of the
presenpimvemione) wastdieuctured such tthaneit a;ppif pords tereaformed in
e A 4 e i Uil 29 W B, o
PP PR el ESME TG SOMBCHERE IS ook o
S?om;erwi &ttmulnﬁdcmsadg ofaﬁhm aircwp*;ﬁyﬁpom, mm@agé qrarghiery of the
. Furt [ t L in e occupi ed zone in, .
28K fins s o wARA by gnexiiader. { Fae QERex e g a/seuyntjonal air
H o . . ; AL
i DR AT Bk ), i e B b e supoly
pethavere foonted apitsHaont favdowithad dimensiomt ofiadust width by a 2.1

elB0F G0 oithn & RBTRHEY QUGS b1 B BDiBEdQng components to
o SRS 831 SID AL 1 AT 4f e PECHGSEl o
Further, as a comparative example 2, low-temperature air SA was supplied
horizontally from a nozzle installed at a 4 m height position,

As shown in FIG. 19, in the air-conditioned space 10, machine tools
HI to H8 are disposed, and thermal load by these machine tools HI to H8
and a mercury lamp disposed on the ceiling is generated in the air-
conditioned space 10. The thermal load by these machine tools H1 to H8
and mercury lamp is equivalent to about 80 W/m®. Temperature distribution,
air velocity distribution, and pollutant spatial distribution were examined at

each of A to F points shown in FIG. 19, and the respective resultant values
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15 20 25 30 deterioration of the indoor air. As
descri bed above, the displacenent ventilation system
of the present invention is suitably applicable to
heating air-conditioning for heating the occupied
zone in the air-conditioned space by a di spl acenent
ventilation nethod. Exanple An ai r- condi ti oned space
10 (machi ni.n oom) with a 190 n2 floor area and a 10
wiere @pmpagede?l&ﬂ Avpeingiis aqusdiion ohest tagndgliraetly in front of the

o A 0 B, BolB S LRI 4Pt g sppply unit and

nﬁirertbstane\aheﬂeﬁe)rﬁlthaﬁ @]ﬁlé“A p@ﬁﬁd affahe A Podsisan pésifion in front
%6 m {1 oor, and a 7.2 mpartition

Ham 28 SuRRIyRIt @@éidsféléaaﬁye distansheretromn pehre D point is not a

BBl P, 04 e el R B RS s B8 Baicon.
Ths E hadd poiuepiry bath fpositienkon dssiffacd 6f aﬁliﬁﬁbfy’wa’,hl b§ the air-
wer.e, prepared One of them (an_exanp

f
cordifipnedyspacent 8 nfgé nﬁg :Jil?q )Si%ia% apdrthet peitionueh the amachlne tool

[ n its front face whose

P kPRl AR Bas BB D13 L bel gt e

pl ur aBidtys aff the @r-ﬁbﬂditi@ilngl vpeguticy avhe teneragiplé of the
SA were attached |n each of

to | owtenpera e air
PEasenk;IAvew anympirt@ CIIpArFHEV G SXaphAey bf 2t were epmpared are
sHdWE MRS WA g’fﬁgfedlzyr% p?é@sppf i idd5 18&*1ﬁfth§%1@ﬁ%%vas used

conventl on conpara ve ex

foamdﬁiusu,cand acﬂ(swq’ata biexhaustsaippiys adiostal veae tbdisen“equal toa
in it nt f Wlthi.dlrrensmnofalmvvldt

flo% ' Take 1 gfUPBRG ¥R y dhgl soRpaTSQR wdénw%sm@n “outdoor

mer)r{éﬂéﬁ%fe\cl\%/ggg 0CS g@gﬁ%ﬂ&@he?% Iotf%‘g’{JESﬁHﬁfﬁ{@geal?'b%u%‘adjusted

tdiét)ﬂﬁem /psamd csuppahy atit vanpgmtlp}'@ b%mg cadjnﬁﬁﬂetcﬁtllSP@ As the
a|r SA was, supplie rizonta 0 0z
R 8 Sy SR eT o P JHienboB kR 855 A SRR e Pieg used, with

9 t H
g i U 985, 10ROy
dlsohhgeld atca fxedafliova rate drorg ﬂmnmdmht&boawventhd‘lmachme tool

lin enerated in the air-_conditjoned space 10.
(Figb a5 Hativat SOHERF by AEL2 RHCR WECTOAOShERt Fouis cxins (1 mm

abFE Y ﬂ'o%ﬁr% itRe 8 o‘fﬁ‘t' eﬁﬁdtﬁ% %{%ncf‘% I§§ atial distribution was

Tenperature |str| ut| arr
maasuyeol inutaoit of thet cﬁescbfsthelmnm be mfetr}m presennityenttion and the

each of Ato F.po s shown in FIG 19, and the
BB VS ex ol bt Vol voe 24

FIG. 21 shows vertical temperature distribution at the D point
surrounded by the machine tools H2 to H6 as heat sources, the D point being
distant from the air supply ports. It can be confirmed that in the example of
the present invention and the comparative example 1, air temperature of the
occupied zone is lower and air temperature in the ceiling which is not an
occupied zone is higher, compared with the case where the nozzle, which is a
mixed type, (comparative example 2) is operated. The vertical temperature
difference in the example of the present invention is smaller than that in the
comparative example 1, which is indicative of a state where more

comfortable environment is maintained.
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were conpared. The A point is a position close to and
directly in front of the air supply unit, the B point
is a position in front of the air supply unit and

nore distant therefromthan the A point, and the C
point is a position in front ,.of the air supply unit
and still nore distant thereffom The D point is not a
5 position in front of the ajr supply unit but is

posi tFHa. 22r 68 Fine 25a8ho Wi alr. velneatye distaibutiosisnets the A to D

P, RBRGH00R, BBt RSB Sl Bl e operaton

opdse bbﬁip@iscﬁﬁ@xm?lé ne((.9ah/s)Hvas loweethgashasin the operation
utant was_ supplied. States of the air-cqnditjagnin

I
Og(@ée B lareh the presentpnyventiophdt can bg eoafirmed that the foot-

B ST B LA PR AL AL S orfpABIS s, pample |
higherithah ahhedfithet dyearnpld bfigh¥qgessgdinvieptioex hBusther, at the D

and flow rate of, exhaust ajr was adjusted so,as fo, .
poutedistant (zom the iy suprlycinidybi poavpledrrene gipuelossty in the

c{ B3I W Bl SR LIR A, A Ghott Mgt i he

cdi&@%&é&leh 3Xta1ﬁ¢le;1hp|13t 2 bEesaid_r@ltaltl e the B?amﬁjlleluﬁfeﬂle present

.to : e tracer gas.as sipulation o anf, .

nyepieny a@seo@ sdér%ﬁ?deél%%én@%@ﬂ%w éjﬁ sun@ygpgﬁéﬁw that in the
: . ) . ; .

e AR LR EbIEcHln g, Doyt BAbF T BpbAPSH raching

distargdhlace bycahmsehigher.machi ne tool (H3) as a heat

sour r.froma place ere no, heat urce exi (1 )
m 20E KB076 SRS ReSitsof CRBIBTIRAmER D ancs SET* b a height
ntrafi I QR;Was .
pEANERTH" # cBOVERH Hlodt 510D D, BRI In7RES boffbarTbon, it was
adsuviead ithat andetaboliccratpawas ilve rmgteaptdeslothing, insuatiéd was 0.6

hows .vertical . tenperature distribution at the, D point
ur b i dean st AMBRBHNGetirss | Berbods, W sxamBle of the present
- ot et : :
o R g ol AT En A LU e moss
distarttimoipt.esent i nvention and the conparative exanpl e

1, ai epper e.Qf .the occupied zane..is.|ower, and
air th oA ety A n??ﬁQOEEPPPﬁ%n fien istrifitiop, of the tracer gas,
WREEH R %’ar&@ Qfinkd e e wiﬁPHBﬂé&&’trﬂi(%H at N ERBSuMSR, at each
zzl e, |cﬁ Is a ype,

the no m xed t conparative
okitengl, €,23nd B ppietawdikn thectraeert gasls discharged frenBthe machine

di,fterence in the e | e of the S inventian is
teEEF 55 e Sowiee: it E4fb De Gomgarat (it dhs roreparatyg Siample 1
cdrP atHidvedhe B wRst _@oﬁEé‘ﬁt‘%%MGﬁ o8 anqlra‘éi slcﬁﬂ’:i%{ré”ﬁ'l@ floor, which is
environnment Is maintalined. 25 5 710 )
the occupied zone, but the concentration at the occupied zone in the example
of the present invention is about half that of the case where the nozzle is
used.

FIG. 30 to FIG. 32 shows concentration distribution of the tracer gas,
which is made dimensionless with the concentration at the exhaust port, at
each of the A, C, and D points when the tracer gas is discharged from a place
1 m above the floor at the B point where no heat source exists. It is seen that
the example of the present invention can achieve the lowest average

concentration in the occupied zone 1 mm above the floor. In the
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20 25 30 FIG 22 to FIG 25 show air velocity
distributions at the Ato D points, respectively.
Even though the blowout air velocity in the operation
of the conparison exanple 1 (0.3 ns) was | ower than
that in the operation of tlrﬁré exanpl e of the present
invention, it can be confir 8 that the foot- Ievel
air velocity at each of the Ato C points in the

cepppEative vsampienl, dhe indooniaghbecaman ackixye omnlyt slethe foot level

WP G Gonly iy PR TR =R S Bl bR pofbrdfribing airflow

isogaiarh e Bpheatpenyeltian. t Therefobe, whsampuliuaht igroduced from
present invention is higher as a whole than that in

a place whspanathueyasexngIgenerated, e ppHutantds medidilytednso that a

- > 7o |
BB ORGSR, o fple of o
presentiavéntéore thapireducesatheapiajretiie deouptadl eoné Bhehe rotating

sypply . air, reachipg a distant place becones higher, .
aipflow, Zthes Al @‘Eéﬂﬁt@rom ébwqmﬁg OEOTRAVIS agrnesated, gnabling

e@%ﬁﬁ%‘%ﬂ%ﬁ?ﬂ?f@éﬁ%#hﬁ Tr%ﬁlbove the floor at the D

arirson, it was assuned that a

et abBlGc B3t eshews 1. orphrisod clegtitts ndon NsiEreithbn tey@perature
0.6 c¢lo. It is _seen that ,anong the three nethods, the
disiabyiien gneasiged @t dhgD RQing fvhem sepplyaakitemparaire was set to

{ P, j : : t:he In, : .
SRS ATANEREe LOpIRBARTP sPlot K4 o in heating
opérationbutden ontdddretetmperatugast 10%hi Dioring thedbeating operation,
di nensi onl ess with Egncent ration at an exhaust. port,

thg;sUpRlK albEOPHEPAD the Cailing ByoPvRXangIeRId RuCoplsdiby Hag wall to
c : a :
o4 S 98 KB A RSy 5AniSae e the occupied
zeneaip iredticedcby the hotateng adrfloweso thatdentirain dre aiciaity of the
cﬁgbace 1.in above the floor, which is,  the occupi

| ed .
ke angthe gEr iphthe Rerupicshzane ke Neixedpmege saRing the heating.
I e, i i |« :
ThPR KA Be KanlglE IR oot fiehfion, Syfhgdb e fhduction by
thel 1étaigg dirflewcirone the ali supplysportbinstaiedfintthe decapded zone,

as, wigchis de di nensiopl.ess with th ) .
theioiokrlEv sl TesmperRnieeata) PR Bﬂom abgye ﬂé%flwoaflstrﬁ@eﬂ, by about
- i 4nt.S t ' j
2% fhtcBude oo veRicn bt Wtetepd 3 HOBLNARA zone,
cémparabwittetlexcamparative sxamples ha? where theavqatieabtemperature

O 5 N S e A DR RLSHh Sl of e
prics€Rt invéhtidif #fnperature of the occupied zone 1 m above the floor is
higher by about 1°C than that in the comparative examples 1, 2. The
comparison of the three types can lead to the confirmation that the example

of the present invention achieves the most efficient heating,.
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5 10 15 20 25 conparative exanple 1, the indoor air
becones active only at the foot |evel where the
supply air is advected and at a place where a thernal
rising airflow is generated by heat generation.
Ther ef ore, when pol | ut ant iségroduced from a place
where no buoyancy is generaté€d, the pollutant is not
iluted, so_that a high-concentration part occurs in
Vﬁij@i&l b AAMEREIS: | n the exanple of the present
i nvention that induces the air in the occupied zone by
the rotating airflow, the flow of the air in the
loccupie Cﬂisglaeenferﬂ erentitaibn esgé@émn ghaefpéfbaRs ventilation by
dilution of the pollutant. FIG_ 33 shows conpari son .
syRRlyImg low-ieanpsaiire aifpaia @y air-eanditioped; spaceeand eghausting

i nt LI I I .

el ir AL e Re AR Rl pEHRR AL YR e blirREled Sgace, the
dplacemiéim ventilagionngy stanesorhpibingnder out door

t enper a ur?_ 01;};‘[0., i ng the heating operatjion, _the

suppl § Phpralyy e gpi inpahaloane agached iy paney sapply port of the

. | . .

IPehtbeld 8o il 2 AR YarhBond APl Swepliiature air
wihnclug¢etb by Hlbenr ottnto ghahif-tonditRmedgiadeh saial plu'ral guide fins

the vicinity of the ceiling and the air jn the
being irang ially aroned %@?@S&fgﬁhﬁgﬂf RePRBLPPRGnd slanted at an

oGt $h81cAVE 8L PSS BYGTEF AR i ooy

potteandr supply ports installed in the occupied zone,

the foot-.l evel  tenperatute at pl ace. 0.1 _m.above th
f1' oor 3 oy liparical mgetyall dispesed chawially With the aitcpply port to

SR BT O SOl BRI, e e The vert cal

tenperature difference in the occupied zone is |arge.

Mor eoyer, ..in the exanple of the resent, i nventi.on .
2¢ enpel Bf HEPIGECRIGHE JERtHFERN SHRET ASCaRINE IhelaiTobs Wherein a

P ; \ .
lenpth HELRE s AL in 4fr exiioction Bf (R ORI s equal to
ot kager tharha hatinéf a veiditl oftthagul the fexantieeaxial diteetion of the air
Lgigipelsent i nvention achieves the nost efficient heating.
SUPPIROEt | S CLAIMED I'S: 1. A displ acement ventilation
systemthat perfornms ventilation by supplying
| ow-tenperature air into an air-conditioned space and
3 exhauthe ndjsplacentant wintilation spstetreaccomtingdoaothiigd, wherein

risen in,the aif-conditioned space, the
the inner waﬁ 1S made of an acousnuc mzﬁerzal.

4, The displacement ventilation system according to claim 1,

wherein the air supply ports are arranged in plurality, each provided
with the plural guide fins for giving the rotating component to the low-
temperature air and each provided with the cylindrical inner wall
surrounding the periphery of said plural guide fins, and

wherein said guide fins in the adjacent air supply ports are slanted in
opposite directions.

5. The displacement ventilation system according to claim 1, further



di spl acenent ventilation system conprising: a

plurality of guide fins that are attached in an air

supply port of the Ilowtenperature air to give a

rotating conponent to the Iowtenperature air which

is to be blown out into the ajr-conditioned space,

said plural guide fins 10 bei'fig arranged radially

around an axi? (ﬁQ§|1 air_ supply part and slanted at
CQRIDTEARE| @ feyierat @Ewedt&p%e@ ian&ropéroltlae air stpply port, an

obgf sfe TP of Lot BERRE R b ne e ML) U o
to surround a periphery of said plural guide fins. 15

2. The di spl acement vengil ation system gccording to .
¢l ai miie ‘fz’aﬁﬁﬁﬂéﬁﬂle@t veaidetionsystasn iaggerding to claimnl, wherein a

ax] b [ t I J rt. 4 .
aftnSier D RTEh Sfufihe R finSUBEL PR e 8 TRHfor M8k the air
supply pelittechidperforited plate agrity satisfy a@eBtiothef M/D = 0.07.

di spl acenent ventilation systemaccording to claiml1,

wherein the inner wall is made of an acoustic

material. 4. The di splacenent ventilation system

according to claim1, 25 wherein the air supply ports

are arranged in plurality, each provided wth the

plural guide fins for giving the rotating conponent to

the low tenperature air and each provided with the

cylindrical inner wall surrounding the periphery of

said plural guide fins, and wherein said guide fins in

the adjacent air supply ports are slanted in 30

opposite directions. 5. The displacenent ventilation

system according to claim1, further 28 conprising a

perforated plate disposed in front of the air supply

port, an open area ratio of said perforated plate

bei ng 40% or higher. 5 6. The displacenent ventilation

system according to claim1l, wherein a dianeter D of

an opening of the air supply port and a di stance M

fromthe air supply port to said perforated plate are

set to satisfy a relation of MD >_ 0.07.




