SPECI FI CATI ON Al R DI SCHARGE UNI T FOR UNDERFLOOR Al R

CONDI TI ONI NG AND UNDERFLOOR Al R- CONDI TI ONI NG SYSTEM USI NG
SAME TECHNI CAL FIELD 5 The present invention relates
to underfloor air- conditioning systens that are adopted in offices,
gonput er roonms, various |aboratories, stores, factories, hospitals,
hotel s, banquet halls, and other building facilities in vari ous
fields, and also relates to an air discharge unit 10 applied to such a
system- BACKGROUND ART 4 The underf| oor
air-conditioning systemis a sys%én1for perform ng indoor air
conditioning, with an under fl oor chanber forned between a floor sl ab
and a floor 15 panel, by feeding conditioned air froman air

condi ti oner to the wunderfloor chanber and by discharging the
conditioned air through an outlet or outlets provided in the fl oor
panel . Fig. 16 shows an exanple of conventional air 20

di scharge units to be used in such angppeerftodtonRi r- condi tioni ng

system This air discharge unit is disclosed

AIR DISCHARGE UNIT FOR UNDERFLOOR AIR CONDITIONING AND

UNDERFLOOR AIR-CONDITIONING SYSTEM USING SAME

TECHNICAL FIELD
5 The present invention relates to underfloor air~
conditioning systems that are adopted in offices, computer
rooms, various laboratories, stores, factories, hospitals,
hotels, banquet halls, and other building facilities in
various fields, and also relatés to an air discharge unit
10 épplied to such a system.
BACKGROUND ART
The underfloor air-~conditioning system is a
system for performing indoor air conditioning, with an
underfloor chamber formed between a floor slab and,a floor
15 'panel, by feeding conditioned air from an air conditioner
to the underfloor chamber and by discharging the
conditioned air through an outlet or outlets provided in
the floor panel.
Fig. 16 shows an example of conventional air
20 discharge units to be used in such an underfloor air-

conditioning system. This air discharge unit is disclosed



- 2- I n Japanese Utility Mdel Laid-Open Publication SHO 63-

196043. In this unit, a cylindrical duct Dis provided bel ow an
outlet O which opens in a floor panel A wth a | ower - end openi ng of
the cylindrical duct confronting a 5 floor slab S. A discharge grille
& enabl ed to adjust the angl e of discharged air streamis provided
at an upper end - of the duct D, while an axial fan FP constituted of
a propeller fan driven by a notor Mis provided inside the

duct D. This fan FP makes up for the force with which the 10
conditioned air 1is fed under pre§é&r€ from an air
condi ti oner (not shown) side to an underfl oor chanber J provi ded

bel ow the floor panel A, so that the conditioned air can be snoothly
fed to the indoor side. However, the air discharge unit

using the axigl, &?Paneggntﬁgi}%gy p@% ! tgﬁgaLbﬁgﬁllﬁﬁbifcétﬁﬁh | SHEN 63-

axi al irectfon o t eco arge 1 n hel ghtw se

thickness of tlsgguhol e yh tenidl shithecausslibtrddaal 486t D is Frowrdea
air through the opening provided at the | ower end of the duct D,

there is a neggdi1Qh PARVbatnata ¢PReEc| opendl in £eflabp hrirgl Apl awthhe
duct Dto introduce the air. This results in a problemthat the air

di schar ge uni ti gyer*@rddieopening asfaltiain cyRinaedead | auge icohftonting a
space in the axial . direction, thus being difficult to install in a
limteds £ lowy aslaimdsef | @rdtMgé\ngrhklepGotdmhlai t bat adjasdnithe
angle of discharged air stream is provided at an upper end
of the duct D, while an axial fan FP constituted of a
propeller fan driven by a motor M is provided inside the
duct D. This fan FP makes up for the force with which the
10 conditioned air is fed under préssure from an air
conditioner (not shown) side to an underfloor chamber J
provided below the floor panel A, so that the conditioned

air can be smoothly fed to the indoor side.
However, the air discharge unit using the axial
15 - fan FP, in which the air is 1let to flow in an axial
direction of the fan, tends to become large in heightwise
thickness of the whole unit. Also, because the axial fan
FP sucks air through the opening provided at the lower end
of the duct D, there is a need of providing a space of a
20 certain height below the duct D to introduce the air. This
results in a problem that the air discharge unit using the
axial fan FP needs a large installation space in the axial
direction, thus being difficult to install in a 1limited

narrow underfloor space. Another problem is that the unit



- 3- I nvol ves noi se havi ng conponents of high frequencies, thus

‘bei ng har sh. Fig. 17 shows an air discharge unit as
di scl osed i n Japanese Patent Lai d-Qpen Publication HEl 7-91730,
which 5 is particularly intended to thin the heightw se thickness
@f the unit. In Fig. 17, conponents simlar to those shown in Fig.
16 are designated by the sane reference synbols. In the air
di scharge unit shown in Fig. 17, a pair of crossflow fans FC, FC are
pl aced in a confronting manner on 10 opposite sides. of a discharge
grille G so that air taken i n"sPd&ways i s bent upward by a
partitioning plate P so as to reach the discharge grille G
However, this air discharge unit using a pair of crossf | ow fans FC,
FC, in which the air flowtaken in 15 si deways is forcedly bent upward
by the partiti,oni I . ' 'n e ov
al t hough the &% Jf%é%fﬂéise %Fv%ﬁ§nhg bﬁégg mﬁ ﬁ%léﬁen@FEQ Trus
enl ar ged %rh%%%5glly | aterally. Therefore, there still exists a
pr obl em of poor Installability. 20 As anot her exanpl e of the
fan, centrifugal fans piq, ﬁ#cehéﬁstaﬁbaﬁaraaﬁha&rg@%ﬁﬁaag lm;c%sea
used. However , because this type of fan blows off air radially, it
s _ neC&%ﬁ%\péﬂéé@fP&@ﬂﬁ Mg Bt dir PB4t £6nt HBIM 2dbalZky, which
blown air is lead toward the axial direction. This would

5 is particularly intended to thin the heightwise thickness

of the unit. In Fig. 17, components similar to those shown
in Fig. 16 are designated by the same reference symbols.
In the air discharge unit shown in Fig. 17, a pair of
crossflow fans FC, FC are placed in a confronting manner on

10 opposite sides of a discharge grille G, so that air taken
in sideways is bent upward by a partitioning plate P so as
to reach the discharge grille G.

However, this air discharge unit using a pair of
crossflow fans FC, FC, in which the air flow taken in

15 sideways is forcealy bent upward by the partitioning pléte
P, is large in pressure loss. Moreover, although the unit
can be thinned heightwise, the unit would be enlarged
horizontally 1laterally. Therefore, there still exists a
problem of poor installability.

20 As another example of the fan, centrifugal fans
such as turbo fans or sirocco fans may be used. However,
because this type of fan blows off air radially, it is
necessary to form a flow path through which the radially
blown air is lead toward the axial direction. This would

25 cause- the air discharge unit to be increased in size. This



25 cause the air discharge unit to be increased in size. This

2 4- woul d al so cause the pressure loss within the systemto be

i ncreased, so that noise produced would be as big as, for exanpl e,
40 - 45 dB(A). To reduce this noise, it would be necessary to
provide an array of air chanbers of specified 5 capacity, in which
case the unit could not be downsi zed. Fig. 18 shows still
anot her exanple of the prior art, which is disclosed in Japanese
Pat ent Lai d- Open Publi cation HEl ,5-106595. In this prior art, in
order to attain a uniforn1roon1t§nperature distribution, air to be
10 di scharged fromthe outlet is fornmed into a rotational flow

such that an air flow characteristic of good mixability wi t h anbi ent
roomair is inparted to the discharged air. For this purpose, a

di scharge gribhg&@séf§d”é§ﬁ§@dt¥%tBréssure_10 'W] 'fﬂtﬁh&fsﬁéggﬁsio be

bl ades K inten to produce a rotationa ow by forc

bending the gdihsehak@dd &¥that noiSel PrERIAYE ivdddd abeRld caBGerHor C
slits L, and the discharge grille GSis fitted to the outlet.

The di schar ge eftaimplie ,GAchowsi aBfay. l@opredudes this noise advBnwouddt b
the roomtenperature distribution can be 20 | nproved by the rotational
flow, which | necessaxiyl dws modbvlide an attrait ofo dier reitamleers Hofespecidied o
t he forced change of the direction of the discharged air, there are
probl ens of capaciaﬁ,adgewmieﬂsmgl dhe amd tocomldemed dfe Addwnsirede.
Fig. 18 shows still another example of the prior
art, which is disclosed in Japanese Patent Laid-Open
Publication HEI 5-106595. In this prior art, in order to
attain a uniform room temperature distribution, air to be
10 discharged from the outlet is formed into a rotational flow
such thaﬁ an air flow characteristic of good mixability
with ambient room air is imparted to the discharged air.
For this purpose, a discharge grille GS is provided with a
multiplicity of slanted blades K intended to produce a
15 rotational flow by forcedly bending the discharged air
circumferentially as well as concentric slits L, and the
discharge grille GS is fitted to the outlet.
The discharge grille GS shown in Fig. 18 provides
an advantage that the room temperature distribution can be
20 improved by the rotational flow, which in turn allows cold
draft to be reduced. However, due to the forced change of
the direction of the discharged air, there are problems of
a large pressure loss and occurrence of a big noise.

There are known other means to positively reduce

25 the cold draft, as shown in Japanese Patent Laid-Open



There are known ot her neans to positively reduce 25 the cold draft,
‘as shown in Japanese Patent Laid-open _

-b5- Publ i cation HElI 7-145985, in which a heater is disposed
bel ow the discharge grille so that the tenperature of the di schar ged
air is raised. This, however, is not an energy- savi ng met hod. 5
DI SCLOSURE OF THE | NVENTI ON A primary object of the
present invention is to provide an air discharge wunit for

under f | oor air condi tioning which is capable of realizing | ow
pressure | oss, |ow noise and effePgy saving while allow ng reduction
10 in heightwise thickness of the air discharge unit and

i nprovenent in installability, and also to provide an under f | oor

ai r-condi tioning systen1using such an air di scharge unit.

In order to a;uggﬁ HioonRRO O, 30 AkilSa ndhBeharge Widedila

under f | oor | Ng accordi esent inventio

i ncl udes: elow the 1séﬂaﬁg% §%¥TT@” thQtatHéx¥e ture of the

a centrlpetal as a a plurality of bl ades forned

on an outer gffs%%r%fed he Ul ki Chrm'?@ how&vek$PRECACRPRPS idr

the outlet and wthin an underfl oor anber fornmed between the f oor
panel and a flsaefiny Method.

5 DISCLOSURE OF THE INVENTION
A primary object of the present invention is to
provide an air discharge unit for underfloor air
conditioning which is capable of realizing low pressure
loss, low noise and energy saving while allowing reduction
10 in heightwise thickness of the air discharge unit and
improvement in installability, and also to provide an
underfloor air-conditioning system using such an air
discharge unit.
In order to accomplish the above object, an air
15 discharge unit for underfloor air conditioning according to
the present invention includes:
an outlet provided in a floor panel;
a centripetal fan which has a hub and a plurality
of blades formed on an outer surface of the hub, and which
20 is disposed opposite to the outlet and within an underfloor
chamber formed between the floor panel and a floor slab,
and which, 1in operation, sucks therein air in the
underfloor chamber from radially outside and delivers the

sucked air generally axially toward the outlet; and



and which, in operation, sucks therein air in the ~under fl oor chanber
ftromradially outside and delivers the sucked air generally axially
toward the outlet; and - 6-

a notor for driving the centripetal fan into rotation.

Since the centripetal fan takes air in from radi al |y outside and
blows air in a generally axial 5 direction toward the outlet, there is
no need of providing an air-introduci ng space below the air

di scharge unit, unli ke the conventional air discharge unit enpl oying
t he axial fan. Therefore, = in~ conpari son between the
convéntional air discharge unit enploying an axial fan and 10 the air
di scharge unit of the present invention, if the two ai r discharge
units are of the same axial size, the air di scharge unit of the

present invention requires_a.,.snall AP o E%l !99 ﬁggg i .
direction of height (i n%n™ )?logl £0k drﬁ‘l’%réét is%n aé ccordai n‘gjry,rkae}f helngTor

di schar ge uni&a@%&fga‘15 present invention is suitable for installation
inalimted underfl oor space. The air discharge unit also allows a

noi se reduction to be atdigjdied GMeN MtiAPtHI0ViFdiNd tikes  air SBECiIAom
air chanber, which would be involved in centrifugal fans. The

elimnation okadiaiNged Aitsiudl rakdanhesws N afP int UAN gehle®wd 1yt heaxialy
di scharge unit itself to be nade smal | er and t hinner.

5 direction toward the outlet, Fhere is no need of providing
an air-introducing space below the air discharge unit,
unlike the conventional air discharge unit employing the
axial fan. Therefore, in comparison between the
conventiocnal air discharge unit employing an axial fan and

10 the air discharge unit of the present invention, if the two
air discharge units are of the same axial size, the air
discharge unit of the present invention requires a smaller
installation space in a direction of height (in an axi-al
direction). Accordingly, the air discharge unit of the

15 present invention is suitable for installation in a limited
underfloor space. The air discharge unit also allows a
noise reduction to be attained even without providing any
special air chamber, which would be involved in centrifugal
fans. The elimination of the need of an air chamber in

20 turn allows the air discharge unit itself to be made
smaller and thinner.

Further, since a current of air discharged from
the centripetal fan naturally is rotatory, there is no need
of providing a discharge grille 6S as shown in Fig. 18 for

25 forcedly bending the air toward the discharge side. &As a



Further, since a current of air discharged from the centripetal fan

paturally is rotatory, there is no need of providing a discharge
grille GS as shown in Fig. 18 for 25 forcedly bending the air toward
the discharge side. As a -7-
+esult, a reduction in pressure |loss and a reduction in noi se can
be attained. Since the rotational flow of di scharged air draws
anbient roomair in, the discharged air and the roomair are
sufficiently m xed together and 5 reover the discharge speed is
appropriately reduced. Thus, tthe roomtenperature distribution is

| nproved and the cold draft is reduced. Furthernore, since the cold
draft is reduced even without using a heater, energy saving is

al so attained Thus, according to the present invention, 10 there 1is
obtained a highoRerfar 3%&%1-.1&:{1' mntwes@fe loss &MECRATBEaNBE LN G
I S conveni ent as an‘air discharge unit to be installed in a narrow
space such as f,iGhaman UBder aBtained. fregiR€EeSEnd | @tational flow of
In an enbodi ment, a |eading edge of each blade of 15 the centri petal
fan i s slant eqigeHa aiteatiag edgBiéh® room asrddn,s thealdddhdrjdy
nore on di scharge side of the fan and radially nore outside than a

| eadi ng edge hiffr san@ ithe room air are suffibienthya rsixed etogéthetrurandf
t he bl ade | eadi ng edge, a sufficient suction area for the

centrip&al 2@®reovemn itﬂleensi,ils@hamgdjompe'enhre’@i apprieprisitglly ofrddimced.
unt e Thus, the room temperature distribution is improved and the
cold draft is reduced. Furthermore, since the cold draft
is reduced even without using a heater, energy saving is
also attained. Thus, according to the present invention,
10 there 1is obtained a high-performance, thin-type air
discharge unit which is convenient as an air discharge unit
to be installed in a narrow space such as a chamber under a
free-access floor.

In an embodiment, a leading edge of each blade of
15 the centripetal fan is slanted such that a leading edge tip
side is located axially more on discharge side of the fan

and radially more outside than a leading edge hub side is.
With such a slanted structure of the blade
leading edge, a sufficient suction area for the centripetal
20 fan is ensured without increasing the height of the unit,
so that the unit is further thinned. That is, the air
enters the centripetal fan at the blade leading edge and
flows to the blade trailing edge. In this process, air is

taken in also from the blade tip that couples, on the outer

25 circumferential side, the blade leading edge with the blade



so that the unit is further thinned. That is, the air enters the
centripetal fan at the blade | eading edge and flows to the bl ade
trailing edge. In this process, air is taken in also fromthe bl ade
tip that couples, on the outer 25 circunferential side, the bl ade
+eadi ng edge with the bl ade - 8-
trailing edge, although it is small in anmount. On this aceount,
the suction area is a fore portion of the bl ade | eadi ng edge. Thus,
with the arrangenent that the bl ade | eadi ng edge is slanted such
that its tip side is present 5 axfFaBl § nore on the di scharge side of
the unit than its hub side is, a larger suction area is ensured with
a snmaller axi al hei ght, conpared with the case where the | eading
edge tip side is located axially nore on suction side of the

Shch bR Poro SRR 1e e, et udm AR BT
three- di mensi gnablaes! AHSIshBER6] area 1418 ‘%cﬁ:@aégﬁtﬁb °gt the Widhe

current of suction I'ed To reac i on o

the bl ade | eagelBing edg€9Thud ! FEEh! ke alPénGlhéfl! that! Nens Uphiaol

air is snoot y procee axi a di rection.

Th_erefore, it 1badRASS ddde t PsPEEURREAP RRUCH ¥HLE nﬁeseta@d side isbipgel@inte
whi ch woul d occurs due to the fact that a current air proceeds

throughst he bhadas 1¢0RDrdcicib theagisiartdie side of ceméruﬁﬂgathaﬁr &s &ub
woul d be seen in the prior art (two-
side is, a larger suction area is ensured with a smaller
axial height, compared with the case where the leading edge
tip side is located axially more on suction side of the
unit than the leading edge hub side is.

10 _ Also by forming each blade into the configuration
that its leading edge is three-dimensionally slanted toward
the discharge side of the unit, a current of suction air is
enabled to reach the hub side portion of the blade leading
edge. In addition, the current of the suction air is

15 allowed to smoothly proceed in the axial direction.
Therefore, it is possible to prevent poor performance and
big noise which would occurs due to the fact that a current
of air proceeds through the blades considerably against the
centrifugal force, as would be seen in the prior art (two-

20 dimensional multi-wing centripetal fan). |

In an embodiment, a planar suction guide member
is provided on suction side of the centripetal fan
perpendicularly to a rotary shaft of the motor, and a

cylindrical discharge guide member is provided on discharge



20 di mensional multi-wing centripetal fan). In an
enbodi nent, a planar suction guide nenber IS provided on suction
side of the centripetal fan perpendicularly to a rotary shaft of the
motor, and a cylindrical discharge guide nenber is provided on

@i schar ge -9- si de of
the centripetal fan concentrically with the rotary shaft.

In the air discharge unit of this constitution, air is take in from
the radial outside snmoothly by the 5 action of the planar suction
gui de nmenber on the suction side®of the centripetal fan, while air
I's delivered, or bl own, toward the outlet by the cylindrical

di scharge qgui de menber on the discharge side of the fan. As a

resul t of this, a snmooth air flowis ensured for t he centri petal

fan, ?Qatoff Lﬁﬁé‘%eﬁ@f’izﬁéﬁé’f fgfxprc%%%#g:ﬁd. ?5 WAL Fe! Potar

noi se can be a an upstreamsi de
cylinder starghaft. portion of the discharge guide nenber is positioned
at a | evel between a | eadi ng edge tip side and a trailing edge 15

tip side of each blade gh thfe ceitr iqigiclarig¥h unitdhale ithis constib@tion,
di scharge gui de nenber begins at a |evel between the | eadi ng edge

and trailing adge s tdake! i pnsiftomfthechradial olitadde nshbethipt ypetake
fan. Therefore, a wi de suction area for the centripetal fan
i s obt&i ned. actliipn tdfi sthe planar suction guide member on the suction
side of the centripetal fan, while air is delivered, or
blown, toward the outlet by the cylindrical discharge guide
member on the discharge side of the fan. As a result of
this, a smooth air flow is ensured for the centripetal fan,
10 so that further reduction in pressure loss as well as in
noise can be attained.
In an embodiment, an upstream-side cylinder start
portion of the discharge guide member is positioned at a
level between a leading edge tip side and a trailing edge
15 tip side of each blade of the centripetal fan. That is,
the discharge guide member begins at a level between the
leading edge and trailing edge on the tip side of each
blade in the centripetal fan. Therefore, a wide suction
area for the centripetal fan is obtained. In this
20 constitution, because the fan is not entirely housed in the
duct, it is also possible to prevent any dead water regions
from appearing around the outer circumferential portion of

the fan blades. Thus, a good air flow is ensured.



20 constitution, because the fan is not entirely housed in the

duct, it is also possible to prevent any dead water regions from
appearing around the outer circunferential portion of the fan

bl ades. Thus, a good air flow is ensured.

< 10 - In an enbodi ment, the di scharge gui de nenber has
a suction air introducing neans projecting radially outward from an
upstreamsi.de cylinder start portion. In the air discharge
unit of this constitution, 5 since suction air is snoothly led to the
di scharge gui de member by the 5d&in air i ntroduci ng means,

pressure | oss I's further reduced. The suction air |ntrodUC|ng nmeans
may be i npl enmented, for exanple, by a beII nout h.

In an enbodi ment, an air fIOM/guide menber is placed close to and

| f the_di h fl
o e g ol ﬂsneadag?%%rp i chefief ki

fl
the ' “opBnedrkien A, m Sl PR ol ey FIATIEY, bhbbpy”
aflowof air §Bﬁk§g hi,@ltaie'asa-%'ﬁ%vvmﬁae&hgtu&%t peRidnle of the

di schar ge QUI I's blown out axially or obliquely axially
toward the outer circunfrgy éahlﬁl @ harge unit'eoffartmté' eohgiti¢ution,

accel erated by the bl ades of the fan. the flowis
throttl ed gragyacky ductidheadpenis smoothly led to the‘ discharge guide
member by the suction air introducing means, pressure loss
is further reduced. The suction air introducing means may
be implemented, for example, by a bell_mouth.
In an embodiment, an air flow guide member is
10 placed close to and axially upstream of the discharge guide
member, the air flow guide member separating a suction flow
from a back flow against the suction flow.
In this constitution, for example, first in the
open state, with the centripetal fan driven into rotation,
15 a flow of air sucked radially sideways on the upstream side
of the discharge guide member is blown out axially or
obliquely axially toward the outer circumferential side of
the fan while being accelerated by the blades of the fan.
As the flow is throttled gradually from the open
20 state, the centrifugal force due to the rotation of the fan
produces an increasing effect (i.e., the centrifugal force
increasingly exceeds the axial force). Therefore, there
arises a radially outward back flow near an intake of the
discharge guide member. When a back flow of large

25 disturbance is sucked in the centripetal fan again as it



20 state, the centrifugal force due to the rotation of the fan
nroduces an increasing effect (i.e., the centrifugal force

i ncreasi ngly exceeds the axial force). Therefore, there arises a
radially outward back flow near an intake of the di scharge guide
frenber . Wen a back flow of large 25 di sturbance is sucked in
the centripetal fan again as it Is, it would
cause a deterioration in aerodynamc per f or mance due to
reduction of static pressure and an 11 i ncrease of noise in small and
m ddl e air vol unme zones. However “according to the present

I nvention, such a back 5 floww Il be imediately bl own away, in a
state that the back flow is kept apart fromthe suction flow,

t hrough an air discharge path formed between the di scharge guide

menmber and thqair fLowy e "BaRSE toev»araetahaﬂmsﬁm in e%'o@ﬁrrﬁfmﬂ;“

air |ntroduct|oﬁ passage leading to the centripetal

result, the SuehiQfodrdl | dubf °€o reauctti&m o¥Si gtanse oﬁréagnpeckaﬁd On
and fronldlsturbance by the back flow, and a stable flow is thus

obt ai ned even jngrease ofhaciigd | iAndswE TId| anél aviddgs oasr reslhhé NEdnesAl
further reduced pressure |l oss. Thus, the static pressure largely

15 i ncr eas éowearet ,noaseondingr dncethe presendduiwdention, such a badin
an enbodi ment, the hub of the centripetal fan has a di scharge-si de
out er diSanet eifllcar eill hve asimnediaely blownsjagayoutibm di shsthe  that the

back flow is kept apart from the suction flow, through an
air discharge path formed between the discharge guide
member and the air flow guide member toward the upstream
side of an air introduction passage 1leading to the
10 centripetal fan. As a result, the suction fl,ov-r is free
from resistance of the back flow and from disturbance by
the back flow, and a stable flow is thus obtained even in
the small and middle flow regions, resulting in a further
reduced pressure loss. Thus, the static pressure largely
15 increases, and noise occurrence is also reduced.

In an embodiment, the hub of the centripetal fan
has a discharge-side outer diameter larger than a suction-
side outer diameter.

By thus making the discharge-side outer diameter

20 of the hub larger than its suction-side outer diameter, the
static pressure on the discharge side is enhanced, which
enables an improvement in performance. More specifically,
the total pressure of the fan is a sum of an increase in
absolute speed (dynamic pressure), a decrease in relative

25 speed (static pressure), and an increase in peripheral



By thus meking the di scharge-side outer dianmeter 20 of the hub I arger
Wthan its suction-side outer dianeter, the static pressure on the

di scharge side is enhanced, which enabl es an i nprovenent in
‘performance. More specifically, the total pressure of the fan is a
-sum of an increase in absol ute speed (dynam c pressure), a decrease
inrelative 25 speed (static pressure), and an increase in

peri pher al - 12 - speed
(static pressure) due to the centrifgggb force. In the case of a
centripetal fan, the radial size of a rrent of air is smaller when
di scharged out of the fan than when sucked in the fan. Ther ef or e,
t he peripheral speed is 5 i nherently reduced, so that the static
pressure tends to lower. On this account, it is preferable to

i ncrease the speed. (&Rt Whtdsduirde éueditbe%ﬂéﬂgcéﬂ&gfﬁgaiowwr drRy

nmeans of a sl the hub, and thereby to increase th peri pher al

speed. Thife base' 82 aZe@ntPipetalli Fan,! e Yadialishiwrge-ai darpeher
di aneter of the hub larger than its suction-side outer dianeter,
wher eby the spfit pdrpriessn=llier when disdiracgsd oudbenf which fidre thahi when
pressure enhanced, the rotational speed of the fan lowers, which in
turn enabl es sucked pinmertheavian, redherieforep, ntihee peaniplierabyepesd i is
15 per f or mance. In an enbodi nent, the air discharge

uni t i nBl udesinherentaydixasuged, gepl [that tthe ishaticheppessure dmhdsheto

lower. On this account, it is preferable to increase the
centrifugal force by directing the air flow outward by
means of a slant of the hub, and thereby to increase the
peripheral speed. This is realized by making the
10 discharge-side outer diameter of the hub larger than its
suction-side outer diameter, whereby the static pressure is
enhanced. Then, with the static pressure enhanced, the
rotational speed of the fan lowers, which in turn enables
power saving, reduction in noise, and improvement in

15 performance.
In an embodiment, the air discharge unit includes
a discharge grille fitted into the outlet, and the
discharge grille includes a grille frame engaged with the
floor panel, a plurality of grille rings placed inside the
20 grille frame so as to be concentric with and radially
spaced from one another, and radial ribs joining the grille
rings to the grille frame. The radial ribs are slanted
forward in a direction of revolution of a discharge air

flow with respect to a vertical line.



di scharge grille includes a grille frame engaged with the fl oor
panel, a plurality of grille rings placed inside the 20 grille franme so
as to be concentric with and radially spaced from one anot her, and
radial ribs joining the grille rings to the grille frane. The
t.adial ribs are slanted forward in a direction of revolution of a
di scharge air floww th respect to a vertical |ine.

- 13 - In the air discharge unit of this constitution,
since the radial ribs provided in the discharge grille are sl ant ed
forward in the rotational direction of # stharged air flowwth
respect to the vertical line, the rotational 5 current of discharged
air flowwng toward the outlet passes by the radial ribs wthout
bei ng subjected to great resistance from the radial ribs.

prossure O “Toss on PhetBPcend HErHIdE Fhakd ihfe oS

pressure | oss on ar ge si

10 the a'r%@ﬂégaﬁﬁérfg&fﬁf riks provided in éﬂba@PégﬁérSQbaghTﬂgzare

part of the ouse in the
constitution gl ued hPofP&P& t191 b@né e§8tatlona1prd3h€é&1%xhebﬁhfdﬂs%@x %
unit by an amount in which the notor is partially housed in the
than in the case flow wﬂﬂsreesphet waﬂmelﬁerﬂiéwpswneﬁnthéelrbtmae
t he centripetal fan. As a result, the unit height is further
5 current of discharged air flowing toward th outlet passes
by the radial ribs without being subjected to great
resistance from the radial ribs. .Because no great
resistance is given at the outlet like this, the pressure
loss on the discharge side is further reduced, and besides,
10 the air noise is reduced.
In another embodiment, part of the motor is
housed within the hub.
This constitution allows the motor to be less
projected heightwise of the unit by an amount in which the
15 motor is partially housed in the hub, than in the case
where the motor is disposed entirely outside the
centripetal fan. As a result, the unit height is further
reduced.
Furthermore, if the motor is supported on the
20 discharge side of the centripetal fan, a grille or the like

disposed on the discharge side can be utilized for
supporting the motor. This allows the unit to be even more
thinned with a simple construction. In an embodiment, for
example, the discharge grille further includes, radially

25 inside of the plurality of grille rings, a center cylinder



reduced. Furthernore, if the notor is supported on the 20

di scharge side of the centripetal fan, a grille or the like di sposed
on the discharge side can be utilized for supporting the nmotor. This
allows the unit to be even nore thinned with a sinple construction.
i-n an enbodi nent, for exanpl e, the discharge grille further

I ncludes, radially 25 I nside of the plurality of grille rings, a center
cyl i nder - 14 - whi ch
extends axially. An end portion of the notor is housed wi thin the
hub and an opposite end portion of the 14 = motor is fitted into the
center cylinder. Therefore, the unit height is | essened, so that
this air discharge unit 5 can be installed even in an underfl oor space
of a small hei ght . I n an enbodi nent, -a suction fan

Side o Vifien exreRle PefARRPST0 AR PLOBBELIER HE TR RUERLIAS

si de of e centripe ar ge

unit of this Gopsldd Upi€Rin the hd® hha %99'%%9?@9@ AR YWBrE1GH . ofOthe

mai nt ai ni ng an ~environnent of a 26[err oom t enperature, for
exanpl e, - motddisi eReded lirtfo atREMBBhREY! @yafinddxer I | Bhkerelfttef,” @He
t he air conditioner into the underfl oor chanber and di scharged 15

into the roomdnit hRetgntr iiget Béséamed, r @@Mthat | ehiiskair ndischargkhainit
suction side of the centripetal fan by the adjacent
5 can be installed even in an underfloor space of a sma%l
height.

In an émbodiment, a suction fan for sucking room
air is disposed in adjacency to and on a suction side of
the centripetal fan.

10 In the air discharge unit of this constitution,
in the cooling mode (Assume that, for maintaining an
environment of a 26°C room temperature, for example,
conditioned air of a temperature of 20°C is fed from the
air conditioner into the underfloor chamber and discharged

15 into the room by the centripetal fan), room air is taken in
the suction side of the centripetal fan by the adjacent
suction fan, and mixed with the air having a lower
temperature in the chamber under a free access floor.
Thereafter, the mixed air is discharged into the room.

20 Thus, it 1is possible to prevent overcooling of the
discharged air to thereby reduce cold draft in the cooling
mode without using a heater.

In an embodiment, the suction fan is constituted
of a second centripetal fan rotatable forward and backward,

25 and the two centripetal fans are housed in a casing.



suction fan, and mxed with the air having a | ower tenperature in
Lhe chanber under a free access floor. Thereafter, the mxed air is
di scharged into the room 20 Thus, it 1is possible to prevent
overcooling of the di scharged air to thereby reduce cold draft in
{+he cooling node wi thout using a heater. In an
enbodi nent, the suction fan is constituted of a second centri petal
fan rotatable forward and backward, 25 and the two centripetal fans are
housed in a casi ng. - 15 - In this case,
rotating both of the two centripetal fans forward allows a | arge
vol unme of air to be di scharged. On the other hand, the backward
rotation of the second centripetal fan, which is rotatable forward
and 5 backward, provides a good m xture of the roomair and the

air of the underfloor chanbethidercasd,) ceratatding’ | opoth of Hhes, wwbh
the sinple and proper construction, it is possi ble to prevent the
over cool i ng otehkeigetalafgad fiorward alliows tehekaahge velume ofoaidr dpabe
in the cooling node 10 successful ly. Furt her nore,

t he present i diechavgegrovi@ss the other add,f|the backwend tretatiosyetfem
conprising an air di scharge unit according to any one of the

f or egoi' ng the sesemderenrtripetal fanynwhirhods xatatadms tfervagd and

system 15 . includes, in addition to _any one of the above nentioned air
5 backward, provides a good mixture of the room air and the

air of the underfloor chamber under a free access floor.
Thus, with the simple and proper construction, it is
possible to prevent the overcooling of the discharged air
to thereby reduce <cold draft in the cooling mode

10 successfully. |
Furthermore, the preseﬁt invention provides an
underfloor air-conditioning system comprising an air

discharge unit according to any one of the foregoing

embodiments. This underfloor air-conditioning systenm
15 includes, in addition to any one of the above mentioned air
discharge units, an underfloor chamber formed between a

floor slab.and a floor panel, an air conditioner, means for
feeding conditioned air from the air conditioner to the
underfloor chamber, and means for returning room air to

20 the air conditioner.
In an embodiment, the means for returning room
air to the air 'conditioner has an inlet provided in a

ceiling.



di scharge units, an underfl oor chanber forned between a floor slab

and a floor panel, an air conditioner, neans for feedi ng conditioned
air fromthe air conditioner to the under fl oor chanber, and neans
for returning roomair to 20 the air conditioner. In
an enbodi nent, the neans for returning room air tothe air
conditioner has an inlet provided in a cei ling.

- 16 - BRI EF DESCRI PTI ON OF THE DRAW NGS Fig.
1 is a schematic sectional view of theHﬁpole under f | oor
air-conditioning systemaccording tot pr esent I nvention; 5
Fig. 2 is a sectional view showing a first enbodi nent of
the air discharge unit used in the underfl oor ai r-condi tioning
systemof Fig. 1; Fig. 3 is a sectional view taken al ong
the |ine RIEF bESCk&bT&PNFUQ'T%E pRAWINGS Fig. 4 is an

enl arged sectional essential part of Fig. 2;

Fig. 5 is a sectional viggy.taken aal%éx&&ié Nedtional v1ewV09f tﬁbgwh%le

Fig. 6 is a sectional vi ew't aken al ong the line 15 Vi 5;

Fig. 7 is a sgalee¥loor ir-denaidiond ighesydtn according to the present
invention;

5 . "Fig. 2 1is a sectional view showing a first
embodiment of the air discharge unit used iﬁ the underfloor
air-conditioning system of Fig. 1;

Fig. 3 is a sectional view taken along the 1line
III - III of Fig. 2;
10 Fig. 4 1is an enlarged sectional view of an
essential part of Fig. 2;
Fig. 5 is a sectional view taken aiong the line V
- V of Fig. 2;
Fig. 6 is a sectional view taken along the 1line
15 VI - VI of Fig. 5;
Fig. 7 is a sectional view taken along the line
VII - VII of Fig. 5;
Fig. 8 is a sectional view taken along the line
VIII - VIII of Fig. 5;
20 Fig. 9 is a sectional view taken along the line
IX - IX of Fig. 5;
Fig. 10 is a graph showing effects of the air
discharge unit of Fig. 2, in comparison with a eomparative

example;



VIl - VIl of Fig. 5; Fig. 8 is a sectional view taken

along the line Vil - VIl of Fig. 5; 20 Fig. 9is a
sectional view taken along the line I X - I X of Fig. 5;

Fig. 10 is a graph showi ng effects of the air di scharge unit of Flg
2, in conparison with a conparative exanpl e;

- 17 - Fig. 11 is a sectional view show ng

anot her exanple of the air flow gui de nmenber; Fi g.
12 is a sectional view showing still another exanple of the air flow
gui de nenber ; 5 Fig. 137is a sectional view showing a
second enbodi nent of the air discharge unit used in the underfl oor
air-conditioning systemof Fig. 1, Fig. 14 is a plan view
of a third enbodi nent of the air discharge unit used in the

underfloor air- grllle%pndltégpln% SYSt 9 ohad: %ae éb%WQ §écﬁﬂg%§er

di schar ge

o 2Ken 2 ARl Hing, st £ AL et ccoraing (o (he
prior art; Flg.Fii*lé]a'ée@tf@ﬁéxooféwvéESQQBgaQQ&H&réﬂdﬁher
example of the air flow guide member;

5 | Fig. 13 is a sectional view showing a second
embodiment of the air discharge unit used in the underfloor
air-conditioning system of Fig. 1;

Fig. 14 is a plan view of a third embodiment of
the air discharge unit used in the underfloor air-
10 conditioning system of Fig. 1, as viewed with a discharge
grille removed;
Fig. 15 is a sectional view taken along the 1line
XV - XV of Fig. 14;
Fig. 16 is a sectional view of the air discharge
i5 unit according to the prior art;
Fig. 17 1is a sectional view of another air
discharge unit according to the prior art;
Fig. 18 is a sectional view showing a prior art
discharge grille; and
20 Fig. 19 is a graph showing problems caused by a

method of preventing occurrence of back flow.

BEST MODE FOR CARRYING OUT THE INVENTION
Fig. 1 schematically shows a whole underfloor

air-conditioning system which is an embodiment of the



di scharge unit according to the prior art; Fig. 18 is a
sectional view showing a prior art di scharge grille; and 20

Fig. 19 is a graph show ng probl ens caused by a met hod of preventing
occurrence of back flow. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
ig. 1 schematically shows a whol e underfl oor ai r-condi tioning
system which is an enbodi nent of the pr esent
invention. A floor panel 103 is provided above a floor slab 102 of
an office room 101, and an underfl oor chanmber 104 is formed bel ow
the floor panel 103. A pIur%ﬁlty of outlets 1 are dispersedly
provi ded at 5 appropriate locations of the floor panel 103, and
air di scharge units 100 are provided in correspondence to the
outlets 1, respectively. Cool air or warmair is fed from an air

condi ti oner §%e5%§kmié?houg alh_qg@@gléﬁﬁglrggglls provifed OabBfe a

under f | oor nber 104 a feed duct he air condltloner
109 in this eﬁ%‘z‘%iabaiﬁ b@f“&ﬁ‘i‘ office dirgohar o051 f 2@nd0 7aRNénd@erfloor

cool /warmwater coil 10 refrigerant coil may al so be used
i nstead of th%haame/rwaum is fwhea CpélowO08he GFlsoxeipangl 113, slif
inlets 112 are provi ded on opposite sides of each of illum nators

111 in 15 pluglitiyat afr batlletsed backréo dispersedlydi tpooeidddd at
5 ' appropriate locations of the floor panel 103, and air
discharge units 100 are provided in correspondence to the

outlets 1, respectively. Cool air or warm air is fed from

an air conditioner 109 installed in an air-conditioner room

106 to the underfloor chamber 104 through a feed duct 105.

10 The air conditioner 109 in this embodiment has a bottom
discharge fan 107 and a cool/warm water coil 108. A
refrigerant coil may also be used instead of the cool/warm
water coil 108. On a ceiling 110, slit inlets 112 are
provided on opposite sides of each of illuminators 111 in

15 order that air is turned back to the air conditioner 109
through the inlets 112 and then through a vacancy 113 in
the ceiling and a return duct 114.

Next, the air discharge unit 100 is described in
detail.

20 The air discharge unit 100, as shown in Figs. 2
to 4, is equipped with a centripetal fan 2 which sucks air
within the underfloor chamber 104 from a radially outside
direction and forces the air to flow generally axially

toward the outlet 1.



through the inlets 112 and then through a vacancy 113 in the ceiling

and a return duct 114. Next, the air discharge unit 100 is
described in detail. 20 The air discharge unit 100, as
shown in Figs. 2 to 4, is equipped with a centripetal fan 2 which
sucks air wi thin the underfl oor chanber 104 froma radially outside
direction and forces the air to flow generally axially toward the
outlet 1. - 19 -

This centripetal fan 2, as shown in Flg 3 has si x blades 20 on an
outer surface of a bottoned cylindricall® hub 200, the outer surface
formng a generally hyperbol oid of one sheet. The hub 200 is
designed so that, as shown in 5 Fig. 4, its upper, discharge-side
outer diameter D2 is | arger than its |ower, suction-side outer

di aneter D1, with Vi aghng 5 th tah L& pr:es o t

di schar ge si de. aiosss %ﬁpj‘ é@né)gn?hﬁ |r1vv:aré %#Jb‘?ﬂ J'E.‘ub 3 E&s

rotary shaft 3jextandd 55065%?05%%%%&1: g&'sﬁ Sobb?,'t%meaoc 11'%&%0%&1

As an alternative to the gener a one sheet,

outer surfacepnQly 1360 hU@nZOQu'E&Y' %ma%ea forming Iangé eramiraﬁ%er\ﬂmmd
s an ultlnate for'm of hyper bol ol d of one sheet:

As shown in Figg che asHdexde |ﬂ@é"1ﬁiﬂoeﬂ®@ 24 @ésidhea sbhenaent aspahdwr ah 2
is slanted so that the distance from

5 Fig. 4, its upper, discharge-side outer diameter D2 is
larger than its lower, suction-side outer diameter D1, with
a view to increasing the static pressure on the discharge
side. A boss 201 is mounted inward of the hub 200, and a
rotary shaft 3 extending from a motor 4 is coupled to this

10 boss 201. As an alternative to the generally hyperboloid
of one sheet, the outer surface of the hub 200 may assume a
linear surface, which is an ultimate form of the
hyperboloid of one sheet.

As shown in Fig. 4, a blade leading edge 21 of

15 the centripetal fan 2 is slanted so that the distance from
the blade 1leading edge to a blade trailing edge 22
decreases gradually from a central, hub side 211 to an
outer circumferential, tip side 212. The blade trailing
edge 22 extends horizontally from a central, hub side 221

20 to an outer circumferential, tip side 222.

The blade leading edge of each blade of the
centripetal fan is slanted so that the tip-side portion
thereof is located axially more on the discharge side and
radially more outside than the hub—side portion thereof is.

25 That is, the blade leading edge is three-dimensionally



the bl ade | eading edge to a blade trailing edge 22 decr eases
gradually froma central, hub side 211 to an outer circunferenti al
tip side 212. The bl ade trailing edge 22 extends horizontally from
a central, hub side 221 20 to an outer circunferential, tip side 222.
*fhe bl ade |eading edge of each blade of the centripetal fan is
slanted so that the tip-side portion thereof is |ocated axially nore
on the di scharge side and radially nore outside than the hub-side
portion thereof is. 25 That is, the blade I|eading edge is

t hr ee- di mensi onal | y - 20 - - 20 -

slanted toward the di scharge side so that the bl ade scoops up air
and di scharges the air slightly toward the center. : As a result, a
current of suction air can reach the hub- side portion of the bl ade

| eadi ng edge, _an e | [ rqs u S I

I n the axial S?Pgt%?b$%“§fénk c%%?%h ?8 Eésgerlor |(H#$n %ggégrﬁanc

and increase g 5 r andObiBcHifoed Ahdl41fULiEBhthyOUAMI LEhE LRfter.

bl ades rea y against t centri fugal as woul d occur
conventionall gg o W-&Bult? a ta&&ﬁ@néforﬁbtmwlﬁrwcaa rdich the hub-

centripetal fan), is avoi ded. “the suction side of the
centripetal faidé ipprtion ofditoIerhde smidmg , "BAfethe shepedn Ali¢ a
flat plate, . perpendicularly to the rotary s aft 3. This suction
guide s eRrrentS, issmallewto nshogthly iflcsuppnr the byxihzbhndielection.

Accordingly, deterioration in performance and increase of
noise due to an air current flowing within the blades
greatly against the centrifugal force, as would occur
cohventionally (with a two-dimensional multi-wing
10 centripetal fan), is avoided.
on the suction side of the centripetal fan 2 is
disposed a suction guide member 5 shaped into a flat plate,
perpendicularly to the rotary shaft 3. This suction guide
member 5, as shown in Fig. 2, is supported by means of
15 studs 51 erectly provided below the floor panel 103. In
addition, the motor 4 is housed in a motor casing 52 fixed
to a lower surface of the suction guide member 5.
On the discharge side of the centripetal fan 2 is
disposed a discharge guide member 6 shaped into a
20 cylindrical form coaxial with the rotary shaft 3. This
. discharge guide member 6 is supported on the floor panel
103 by means of a radial bracket 600.
As shown in Fig.' 4, an upstream-side cylinder
start portion 60 6f the discharge guide member 6 is

25 positioned at a level between the tip-side leading edge 212



15 studs 51 erectly provided bel ow the floor panel 103. In

addition, the notor 4 is housed in a notor casing 52 fixed to a

| ower surface of the suction guide nenber 5. on the

di scharge side of the centripetal fan 2 is di sposed a di scharge
gui de menber 6 shaped into a 20 cylindrical formcoaxial with the
rotary shaft 3. Thi s di scharge gui de nenber 6 is supported on the
fl oor panel 103 by neans of a radial bracket 600.

As shown in Fig. 4, an upstreamside cylinder start portion 60 of

t he di scharge guide nenber 6 is 25 ~ %b§Ttioned at a level between the
ti p-side | eading edge 212 - 21 -
and the tip-side trailing edge 222 of each bl ade of the centri pet al
fan 2. Fromthe cylinder start portion 60 is conti nued an annul ar
bell nouth 61 0j raqi II A r n enega
sem ci rcul ar Bﬁ %sgg‘%qu%sec a111ng g‘?hga %ie%ll of de ‘%? g’gra\‘/i%s 8£ ltlh)é

suction air %Q§¥ kL gpqu |§3%¥56 €60
suction centrl?#%%ﬁhly into th | E%%nggfgu?de nengk 6 by J?rtueﬁ%
its configurapbgRint@d hah PARAGUAP |98F11 Smd@HICRA projecting radxaﬁhy’s
noted that provision of the suction air 10 I ntroduci ng neans not

essential, abheqegalyit and@ being pPredwe@dl By t Osphowt deudaeh nmns c&%slsn

this enbodinent. Further, besides a shape having a curved cross

sectionsl i ke section. The bell mouth serves as a suction air
introducing means. This bell mouth 61 leads the suction
air smoothly into the discharge guide member 6 by virtue of
its configuration, so that pressure loss is reduced.

It is noted that provision of the suction air

10 introducing means is not essential, although it is
preferable to provide such means as in this embodiment.
Further, besides a shape having a curved cross section like
the bell mouth 61 of this embodiment, the suction air
introducing means can be formed into a shape which radially

15 outwardly projects only horizontally without being curved
at all, although not shown.

In proximity to and on the axially upstream side
of the discharge guide member 6, an annular, flét-plate air
flow guide member 62 is provided so as to form an air

20 outflow space 10 between the bell mouth 61 and the air flow
guide member 62. This air flow guide member 62 is
supported on the studs 51 like the suction guide member 5.
The air flow guide member 62 operates to promptly and
recirculatively return back-flow components which may be

25 generated in an air suction area R near the bell mouth 61



the bell nmouth 61 of this enbodi ment, the suction air I ntroduci ng
Jeans can be fornmed into a shape which radially 15 outwardly projects
only horizontally w thout being curved at all, although not shown.
In proximty to and on the axially upstream side of the discharge
gui de nenber 6, an annular, flat-plate air fl ow gui de nenber 62 is
provided so as to forman air 20 outfl ow space 10 between the bel
nmouth 61 and the air flow gui de nenber 62. This air flow
guide nmenber 62 is supported on the studs 51 like the suction
gui de nenber 5. The air flow gui2k Tenber 62 operates to pronptly
and recircul atively return back-fl ow conponents which may be 25
generated in an air suction area R near the bell nmouth 61

- 22 - of the discharge guide nenber 6, through the air outfl ow

10, id f ir i ' h .11 | ead]
6 the di schaPle S dBLRERBERSo 41He: BPUPEE! oy thPoBEh the, ajr{ pyiEity
t kept f . [ | i
bet neen t e aPPSFRo ui He. EaRpabusyddil bide of, an [ EReBbAEIAY Blen
In this way, 4he)3443HO0%0 the d%ﬁtﬂ&d@@?{dé%&ﬁw&f'@”Sihoa%%&%@ thiag
conp oW ng bac T

back-f | ow onents from to the sucfion air flow hat

is, the air flgw galse IR Yonfporddtd alres kdiet SapdrenNeFbRWtheO currbhémdhe
back fl ow agai nst the suction flow Therefore, in the air
di scharge uni gutRQowsiditr flowing between the air flow guide member 62
and the suction guide member 5. In this way, the air flow
guide member 62 functions to prevent the back-flow
components from flowing back to the suction air flow. That
is, the air flow guide member 62 separates the suction flow
10 from the back flow against the suction flow.

Therefore, in the air discharge unit 100 using
the centripetal fan 2 and equipped with the air flow guide
member 62, for example, even if the flow is throttled from
the open state, there no 1longer occurs a back flow

15 phenomenon in proximity to the air suction area R of the
discharge guide member 6. This is further explained below.

With the above constitution, first in the open
state, with the motor 4 driven so that the centripetal fan
2 1is rotated, a flow of air sucked radially sideways

20 through the air introducing path 11 via the bell mouth 61
of the discharge guide member 6 is blown out axially or
obliquely outward while being accelerated by the blades 20.
However, as the flow is gradually throttled from the open
state, there occurs a back flow directed radially outward,

25 as shown in Fig. 4, in the air intake area R in proximity



the centripetal fan 2 and equi pped with the air flow guide menber
62, for exanple, even if the flowis throttled from the open state,
there no | onger occurs a back flow 15 phenonenon in proximty to the
air suction area R of the di scharge guide nmenber 6. This is further
=xpl ai ned bel ow. Wth the above constitution, first in the
open state, with the notor 4 driven so that the centripetal fan

2 is rotated, a flow of air sucked radially sideways 20 through the air
i ntroduci ng path 11 via the bell nouth of the di scharge guide

menber 6 is blown out axially or -2 obl i quel y outward while being

accel erated by the bl ades 20. However, as the flowis gradually
throttled fromthe open state, there occurs a back flow directed
radially outward, 25 as shown in Fig. 4, inthe air intake area Rin

proximty the, discha uide member 6 becauze?df an effect &f i€
di schar ge gui%% neﬁberlsg%ggz?usge ch} an e}??ect of an I ncreasi ng

centrifugal fppepeadih§ RAPEiFAYa1NFEMGS. | Phis backP!fdy OUloyevee] aisl y
toward the upstream side of the air i ntroduci ng path 11 through t he

air outflow pgibwal o MBhedPatelpetvrandt i alpstiadh Sidef dfhethe air
di scharge gui de nenber 6 and the air flow guide nenber 62. As a

result, a stabhtroducingaipath @ i shrbigh ntHecudr iontflmw Eaich niddEeraed

vol une . zones, so that the static pressure |largely increases and

the noise is betweer. the) bell mouth 61Fiaf the disdhazges guwinle i mgmbeenént

'n blowing and the air flow guide member 62. As a result, a stable
air flow is obtained even in small and middle air volume
zones, so that the static pressure largely increases and
the noise is reduced.

10 Fig. 10 indicates an improvement in blowing
performance by the air discharge unit 100 according to this
embodiment having the air outflow path 10lformed by the air
flow guide member 62, in comparison with a comparative
example having no air outflow path 10, with respect to a

15 single centripetal fan 2. It is noted that, in Fig. 10,
the air flow guide member 62 is represented simply as a
guide member. From the contents of Fig. 10, it is obvious
that aerodynamic performance and noise performance in small
and middle air volume zones have been improved to a large

20 extent with the constitution of this embodiment.

Although the air flow guide member 62 is formed
into a flat-plate shape in this embodiment, a better flow
of air is attained by forming one end portion or both of

the member into a shape having an arcuate cross section.

25 For example, an air flow guide member 62A shown in Fig. 11



performance by the air discharge unit 100 according to this '
enbodi mrent having the air outflow path 10 fornmed by the air flow
gui de nmenber 62, in conparison with a conparative exanpl e havi ng no
air outflow path 10, with respect to a 15 single centripetal fan 2. It
45 noted that, in Fig. 10, the air flow guide nenber 62 is
represented sinply as a gui de nenber. Fromthe contents of Fig. 10,
it is obvious t hat aerodynam c perfornmance and noi se perfornmance in
smal | and m ddl e air volune zones have been inproved to a large 20
extent with the constitution of this erfbdi nent. Al t hough
the air flow guide nenber 62 is forned into a flat-plate shape in
this enbodi ment, a better flow of air is attained by form ng one end
portion or both of the nmenber into a shape having an arcuate cross

ion. 25, F | ' !
section has™ ﬁg@g@ne Ly 21 la@k@pﬁwes e ;.rﬁ%ré.ﬁ@w@eaeighgnlk

- 24 - ha |pt|ca pe in cross secti

which end pgpkANS enl ﬁ&?%'dﬂg‘j ﬁ@@éreﬁéhbéfd upstream and
downstreamof{‘}fl e air flom1thﬁbugh the air |H?rodUC|ng pat h P 11 aPe

formed into aggiAastreast oNdheshale PiowtRFuPRVERE aiP int2olReshyl pdth
radi us of curvature. Al so, an air flow guide menber 62B shown in

Fig. 12 has aighape ifortiedsirrCld GWrdds sectiomdl askapavopgan apechbivdtg
radi us of curvature at one end upstream of the .air flow through the

air intsoduci ag gpedified radiust b€ icurclatess.of Alhsopemreraiei fiyoyr guidel y
reduced member 62B shown in Fig. 12 has a shape in cross section of
an arc hévimg a specified radius of curvature at one end
upstream of the air flow through the air introducing path
11, the thickness of the member being gradually reduced
10 from the upstream side toward the downstream side so that
the member is formed with an edge on the downstream side.
Both of the air flow guide members 62A, 62B are capable of
reducing the inherent disturbances of suction air flow more
and also separating back flow components more easily, as
15 compared with the flat-plate air flow guide member 62.
Accordingly, further improvement in performance and further
noise reduction can be attained.
As means for solving the back flow issue, it
might be conceivable that the cylindrical portion of the
20 discharge guide member 6 is extended rearward with respect
to the discharge direction so as to enclose and conceal the
tip portion of each blade 20 of the centripetal fan 2,
instead of providing the air flow guide member 62, 62a, or
62B, to thereby prevent back flow itself from occurring.

25 Indeed such an arrangement can prevent the back flow from



10 fromthe upstream side toward the downstream side so that t he
Jrenber is formed with an edge on the downstream si de. Both of the
air flow guide nmenbers 62A, 62B are capabl e of reduci ng the inherent
di sturbances of suction air flow nore and al so separating back flow
sconponents nore easily, as 15 conpared with the flat-plate air flow
gui de nenber 62. Accordingly, further inprovenent in performnce
and further noi se reduction can be attained. As
means for solving the back flow issue, it m ght be concei vabl e that
the cylindrical portion of the 20 ~d#%charge guide nenber 6 is extended
rearward with respect to the discharge direction so as to encl ose
and conceal the tip portion of each blade 20 of the centripetal fan
2, i nstead of providing the air flow guide nmenber 62, 62A, or

62B, to thereb r t | ow . i f.se ring. s e such
an arrangenen?xsgﬁ%éﬁg\felrg’t%q(r%mb\%#éfI%éw %‘?%En’%&?% the ce?xérlpejtg‘i o
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is reduced so e air delivery ability 1n large air (
regi ons woul dehgy,’ ¢duGehsAwoiAl e SesfuddPad eadrB@hseen froff thied grhdh
an

Further, there would occur a so-called dead 5 water region in
outer circunger aiiig.al 19par tFuBthet i1€there waeld rbgeusl o afo<called dead
Accordingly, such means is undesirable. The present enbodi ment does

not intsnd towaterenkegion inccatr epaterf biekuhifewentdall partonedal itheg
the tip centripetal fan 2. Accordingly, such means is undesirable.
The present embodiment does not intend to prevent
-occurrence of back flow itself. by concealing the tip
portion of each blade, but uses the air flow guide member
10 62, 62A, or 62B to allow a back flow that has occurred to
be blown out to the upstream side of the air introducing
path 11 in a state that the back flow is kept apart from
the suction flow. Accordingly, the problems of
deterioration in the air delivery ability and dead water
15 regions do not occur.

Into the circular outlet 1, as shown in Figs. 2
and 5, a circular discharge grille 7 made of resin is
fitted. This discharge grille 7 has a cylindrical grille
leg 73 to be fitted into the cylinder portion of the

20 discharge guide member 6, a grille frame 74 integrated with
the grille leg 73, a center cylinder 75 whose lower end
surface is flush with the lower end surface of the grille
leg 73 and whose upper end surface is flush with the upper
end surface of the grille frame 74, a plurality of grille

25 rings 71 disposed concentrically between the center



_portion of each blade, but uses the air flow guide nmenber 10 62, 62A,
Or 62B to allow a back flow that has occurred to be bl own out to the
upstream side of the air introducing path 11 in a state that the
.back flow is kept apart from the suction flow Accordi ngly,
*the problens of deterioration in the air delivery ability and
dead water 15 regi ons do not occur. Into the circul ar
outlet 1, as shown in Figs. 2 and 5, a circular discharge grille 7
made of resin is fitted. This gkﬁqharge grille 7 has a cylindrical
grille leg 73 to be fitted into'the cylinder portion of the 20

di scharge guide nenber 6, a grille franme 74 integrated with t he
grille leg 73, a center cylinder 75 whose | ower end surface is flush
with the lower end surface of the grille |l eg 73 and whose upper end

surface is flugshinaep tvlae afPefhe grill8ndramie are oF the @fmmafmge-;i‘l
a plurality of " grille rings 71 disposed concentrically between

the center and radlal rlbs 72 coupling these grille?brings 71 to the
cylinder 75 and the grille frame 74 or the grille leg 73, and radi al

ri bs 72 coupl cegtéheseydinides ri7)s dadtothee grillecehegr A3 i naer Ebusnd
the grille leg 73 at four circunferential locations. Aradially
outer portioncbfcunfereptialglprhtibnagne M madiaddns duter tpergion| ef| the?3
so as to be. engaged with the floor panel 103. Also, as shown in
Figs. 5 gridle frasa 74dpPEPIechs7 friom dihentani ¥k kedl T sheas to be

engaged with the floor panel 103. Also, as shown in Figs.
6 to .9, each radial rib 72 is slanted forward in the
rotational direction of the flow of discharge air with
respect to the vertical line (where the angle of slant is

10 approximately 30 degrees with respect to the vertical 1line
in this example). The slant of the radial ribs 72 allows
the rotational flow directed toward the outlet 1 to slip
through the radial ribs 72 without being subjected to any
great resistance by the radial ribs 72. Thus, pressure

15 loss at the outlet is reduced, and air noise is also
reduced.

Fig. 13 shows an air discharge unit 100’ which
can be used in place of the air discharge unit 100 used in
the underfloor air-conditioning system of Fig. 1. In Fig.

20 13, componenté similar to those of Figs. 2 to 4 and Fig. 5
are designated by the same reference numerals.

This air discharge unit 100/ differs from the air
discharge unit 100 according to the first embodiment in
that the motor 4 is installed at a different place. The

25 motor 4 is provided below the centripetal fan 2 in the air



rotational direction of the flow of discharge air with respect to
the vertical line (where the angle of slant is 10 approxi mately 30
degrees with respect to the vertical line in this exanple). The
slant of the radial ribs 72 all ows the rotational flow directed
t+oward the outlet 1 to slip through the radial ribs 72 w thout being
subj ected to any great resistance by the radial ribs 72. Thus,
pressure 15 | oss at the outlet is reduced, and air noise is also
reduced. - Fig. 13 shqmszﬁn_air di scharge unit 100" which
can be used in place of the air discharge unit 100 used in t he
underfl oor air-conditioning systemof Fig. 1. In Fig. 20 13,
conponents simlar to those of Figs. 2 to 4 and Fig. 5 are
designated by the sanme reference nunerals. This air

di scharge uni §i&e8ardel @it f100) t¥RiBer the motott SiChix deoused ifiBide the
according to the first enbodinent in that the notor 4 is installed
at a differenhupl 200 inThhe 2ir dimdlmirdeisnptolddéd beAmwipper portion
centripetal fan 2 in the air - 27
dogc Hdweg anatrat 40projkecténghEront dthel hub 2l edsi asichmmadated
hub 200 in the air discharge unit 100'. An upper portion of the
not or 4 proj edni Agd sapparted by othe SC%MIALE@P—I' 75 ofj fhendisghssigeed
by the center cylinder 75 of the_discharg 5 grille 7 which_ is dlsposed
above tHBe hub9xillen7 ﬁ@%e’-%fdlsp°sed s%k‘h"% %?‘Fu}é’tlhr@' t k8 tbeocage of

desirably has a snaller ter
y such a struc ure, the motor 4 desirably has a smaller outer

diameter, and it is preferable to adopt not an AC motor
such as induction motors but a DC motor. This is because a
DC motor can be provided in smaller size than an AC motor

10 having the same output, so that almost the entire motor can
be housed in the hub 200. In this case, a distance h from
the suction quide member 5 to the floor panel 1oi can be
reduced to 100 mm.

Figs.-14 and 15 show still another air discharge

15 unit 100" which can be employed instead of the air
discharge unit 100 used in the underfloor air-conditioning
system of Fig. 1. 1In Figs. 14 and 15, components similar
to-those of Figs. 2 to 4 and Fig. 5 are designated by the
same reference nunmerals.

20 In this air discharge unit 100", a suction fan 8
for sucking room air is disposed in adjacency to and on the
suction side of the centripetal fan 2. The centripetal fan
in this embodiment is of the same construction as the
centripetal fan 2 of the air discharge units 100 and 100/

25 shown in Figs. 2 to 4 and Fig. 13, respectively. For the



dianeter, and it is preferable to adopt not an AC notor such as
.induction notors but a DC notor. This is because a DC notor can be
provided in smaller size than an AC notor 10 havi ng the sane output, so
_that alnost the entire notor can be housed in the hub 200. In this
=-case, a distance h from t he suction guide nenber 5 to the floor

panel 103 can be reduced to 100 nm Figs. 14 and 15
show still another air discharge 15 unit 100" which can be

enployed instead of the air glscharge unit 100 used in the
underfl oor air-conditioning s?s? mof Fig. 1. In Figs. 14 and 15,
conponents simlar to those of Figs. 2 to 4 and Fig. 5 are

desi gnated by the sanme reference nunerals. 20 In this
air discharge unit 100", a suction fan 8 for sucking roomair is

- disposed in ' nd,o0 dego t ryd I
ng{” S ax;éx? 8Nda0dddna centrf%&apnféh gs tampl yeRNt RibRiR

fan 2. The c in this dinment is of the sane

constructi onias tHife same coRRftruikdlidh fa® €nhef deMtrdigetdilschani 02 Wid sisl00
and 100 25 shown in Figs. 2 to 4 and Fig. 13, respectively. For the

- 28 - rotatilld oinf 8pp8sites adaattivny, nut afotwaris atidp! ysidvard ch
has the sanme construction as the centri petal fan 2 and is r ot at abl e

in opposite diheand i tws, centirdpeatiad afehdackwe dare housedhelse aweasing 9

centripetal fans 2, 8 are housed in a casing 9 5 provi ded bel ow t he

fl oor @anel ¥videtke kekowdtlte i flopenpanel 103. The casing 9 is opened
at its sides.

This air discharge unit 100" is enabled to blow
or discharge a large volume of air when both two '’
centfipetal fans 2, 8 are rotated forward. Also, in the

10 cooling mode, the reverse rotation of the centripetal fan 8
provides a good mixture of room air sucked through the
outlet 1 (serving as a suction inlet in this case) and air
in the underfloor chamber 104 of a temperature lower than a
room temperature. Thus, the discharged air is prevented

15 from being cooled too much, and the cold draft in the

cooling mode is reduced successfully.

INDUSTRIAL APPLICABILITY
The air discharge unit for underfloor air
conditioning and the underfloor air-conditioning system
20 according to the present invention are applicable in
offices, computer rooms, various laboratories, stores,
factories, hospitals, hotels, banquet halls, and other

building facilities in various fields. 1In particular, they



at its sides. This air discharge unit 100" is enabled to

bl"ow or discharge a large volune of air when both two

centripetal fans 2, 8 are rotated forward. Also, in the 10 cool i ng
npde, the reverse rotation of the centripetal fan 8 provi des a good
m xture of roomair sucked through the outlet 1 (serving as a
suction inlet in this case) and air in the underfl oor chanber 104 of
a tenperature | ower than a roomtenperature. Thus, the discharged
air is prevented 15 from bei ng coql too nuch, and the cold draft in
t he cooling node is reduced successfully. | NDUSTRI AL

APPLI CABI LI TY The air discharge unit for underfloor air
conditioning and the underfloor air-conditioning system 20 accordi ng
to the present invention are applicable in of fi ces, conputer
roons, varioufneibsunitabiles foxt aiss, in placeka i € pi hot el s,
banquet halls, and other building fag%lﬁ%?g% ?%neggig%gh Pefhsfa¥ﬁe
particul ar, tHh#derfloor space. - 29 - are suitable

for use in places that cannot afford a | arge underfl oor space.



- 30 - - CLAI MS 1. An air

wdi scharge 100") for underfl oor air
conditi onJmme m(nmnm an outlet (1) provided in a floor
, panel (103) a centripetal fan (2) which has a hub (200)
=-and a plurallty of blades (20) formed on an outer surface of said
hub (200), and which is di sposed opposite to said outl et (1) and
wi t hin an underfl oor chanber (104) fornmed between said floor panel
(103) and a floor slab (102), and whi _10 i n operation, sucks therein
air in said underfl oor chanber 104) fromradially outside and
delivers the sucked air generally axially toward said outlet (1);
and a motor (4) for driving said centripetal fan (2)
into rotation. 15 2. The air discharge wunit for
underfloor air conditioning agcprainamMte® Caiml, wherein a | eading
edge (21) of each blade (20) of said centripetal fan (2) is

sl anted suchjthat a | eagi naiedg@ilschayigde @HEY) i(xdogcati@d?, 100"gxi ddyy
nore on di scharge side of said fan and radially 20 nore outside than a
| eadi ng edge underfilder Alit) donditioning dbmprisingkthe air discharge wunit
for wunderfloor air conditioning according to Claim1l, further
conpri si ng: an outlet (1) provided in a floor panel (103);

5 | a centripetal fan (2) which has a hub (200) and a
plurality of blades (20) formed on an outer surface of said
hub (200), and which is Qdisposed opposite to said outlet
(1) and within an underfloor chamber (104) formed between
said floor panel (103) and a floor slab (102), and which,

10 in operation, sucks therein air in said underfloor chamber
(104) from radially outside and delivers the sucked air
generally axially toward said outlet (1); and

a motor (4) for driving said centripetal fan (2)

into rotation.

15 2. The air discharge unit for underfloor air
conditioning according to Claim 1, wherein a leading edge
{(21) of each blade (20) of said centripetal fan (2) is
slanted such that a leading edge tip side (212) is located
axially more on discharge side of said fan and radially

20 more outside than a leading edge hub side (211) is.

3. The ‘air discharge unit for underfloor air

conditioning according to Claim 1, further comprising:



pl anar suction gui de nenber (5) provided on

‘iﬁéﬂ"?ﬁlllﬂlﬁﬂlllﬂlﬂﬂﬂl l! petZ'ndfa” e eyl i ndri cal di Schar ge”

Jgui de nmenbér 6) provi*ded 5 on di scharge side of the centripetal fan
-2) concentrically with said rotary shaft (3). 4. The
air discharge wunit for underfloor air condi tioning according to
Claim 3, wherein an upstreantside cylinder start portion (60) of
sai d di scharge guide nenber 10 (6) is positioned at a | evel between a
| eadi ng edge tip side (212) and 3 tFailing edge t|p side (222) of
each bl ade of said centripetal fan (2). The air

di scharge wunit for wunderfloor air condltlonlng according to
Claim 3, wherein said discharge 15 gui de nmenber (6) has a suction air

introducing neans (61) . plan£¥ %aghggg}ogge lmeHL$?rd(§f(“Efﬂ%1deﬂ] on

upstreanmt si de cyllnder

air dlscharggucggbh dg%éleeﬁtrggétal fan q%?g éﬂgléﬁggfgyngoto

Claim 3, wherelin an alr gul menber pl aced close to
?Pd aX|aeg uRst6eaRy shaft qﬁ)sgfdsqhacﬁ@&gg qqngamgnber (6), said air
ow gui de
a cylindrical discharge guide member (6) provided
5 | on discharge side of the centripetal fan (2) concentribally

with said rotary shaft (3).

4. The air discharge unit for underfloor air
conditioning according to Claim 3, wherein an upstream-side
cylinder start portion (60) of said discharge guide member
10 (6) is positioned at a level bhetween a leading edge tip
side (212) and a trailing edge tip side (222) of each blade

of said centripetal fan (2).

5. The air discharge unit for underfloor air
conditioning according to Claim 3, wherein said discharge
15 guide member (6) has a suction air introducing means (61)
projecting radially outward from an upstream-side cylinder

start portion (60).

6. The air discharge unit for wunderfloor air
conditioning according to Claim 3, wherein an air flow
20 guide member (62) is placed close to and axially upstream

of said discharge guide member (6), said air flow guide



nber se parating a suction flow froma back flow agai nst
tﬂgefrﬂ)gﬂﬂuﬂIﬁIHIII"”Il”U"Lm tioni ng lzgorg: Lg ?gsahglr ?nel u\r/]\lll"lza\re:c ﬁrsal d hub

,(200) 5 of sa"d &enfrlpetal fan (2) has a discharge-side outer

-di ameter (D2) l|larger than a suction-side outer dianeter (D).

8. The air discharge wunit for underfloor air

conditioning according to Claim1l, further conprising a 10 di schar ge
grille (7) fitted into said outlet 35) sai d di scharge grille
(7) conprising: a grill%e Trame (74) engaged with said

fl oor panel (103); a plurality of grille rings
(71) placed inside 15 said grille frame (74) so as to be concentric
wi th and radially spaced from one another; and

radial ribs ( | rq | S ) cxai | nme
(74), Hédnef! Qbﬁv\ﬁi égr?gsdal éecr:%?g fﬁl.IZ%:S f(r702“)‘ ?ar t(iao‘asl anft:hé%& f %é%&%ﬁ
20 in a di¢get 5@8tPbnr eYSWUtion of a discharge air flow with

respect to a vertical |ine.

7. The air discharge unit for undeffloor air
conditioning according to Claim 1, wherein said hub (200)
5 of said centripetal fan (2) has a discharge~side outer
diameter (D2) larger than a suction-side outer diameter

(D1).

8. The air discharge unit for underfloor air
conditioning according to Claim 1, further comprising a
10 discharge grille (7) fitted into said outlet (1), said
discharge grille (7) comprising:
a grille frame (74) engaged with said floor panel
(103);
a plurality of grille rings (71) placed inside
15 said grille frame (74) so as to be concentric with and
radially spaced from one another; and
radial ribs (72) joining said grille rings (71)
to said grille frame (74),
wherein said radial ribs (72) are slanted forward
20 in a direction of revolution of a discharge air flow with

respect to a vertical line.



air discharge wunit for underfloor air

.pondltlonl ngu m “ JJ Iial m 1, wherein part of said nmotor (4) is
housed wi t hi 10. The air discharge unit

Lfor underfl oor — ai'r conditioning according to daim9, wherein said
=not or (4) S supported on a discharge side of said centripetal fan
(2). 11. The air discharge wunit for underfloor air
conditioning according to Claim8, wherein said discharge 10 grille
(7) further <conprises, radially ingide of said plurality of
grille rings (75), a center cyIinder'(?i)' extending axially, and

an end portion of said notor (4) is housed within said hub (200) and
an opposite end portion of said notor 15 (4) is fitted into said center
cylinder (75). 12. The air discharge unit for underfl oor

air ccg*ndl tioni ngn?é:co (_j&ng éf) a%% ,u%EI’EIfb@. S'd‘f\hb@ho%@ air

(8) for sucki'ng roomaitT |spose acency to

suction side of.,8al{h “aQ:"ct:ﬁjd fn%" ég) -clainfV1, v}ﬁereln g)aw o‘l" said

di scharge wunit Tor underfloor conditioning according to
Caim 12, whegidy spif Se'hé@¥ed within said hub (200).

10, The air discharge unit for underfloor air
5 conditioning according to Claim 9, wherein said motor (4)

is supported on a discharge side of said centripetal fan

(2).

11. The air discharge unit for underfloor air

conditioning according to Claim 8, wherein said discharge

10 grille (7) further comprises, radially inside of said

plurality of grille rings (75), a center cylinder (71)
extending axially, and

an end portion of said motor (4) is housed within

said hub (200) gnd an opposite end portion of said motor

15 (4) is fitted into said center cylinder (75).

12, The air discharge wunit for underfloor air
conditioning according to Claim 1, wherein a suction fan
(8) for sucking room air is disposed in adjacency to and on

a suction side of said centripetal fan (2).

20 13. The air discharge unit for underfloor air

conditioning according to Claim 12, wherein said suction



) is constituted of a second centripetal fan

- 34 -
“rotat almgm“u“!“ﬂh@&ﬂﬂbackmrd, and the two centripetal - fans (2, 8)
are hou i (9). 14. An underf | oor
salr-conditioning systemconprising: 5 an underfloor chamber
=t104) fornmed between a floor slab (102) and a floor panel (103);
an air conditioner (109); means (105) for feeding
conditioned air from said air conditioner (109) to said underfl oor
chanber (104); 10 an air  discharge wunit (100, 100",
100") for underfloor air condi?ﬁoﬁing as defined in CGaim1l for

di scharging the conditioned air fed to said underfl oor chanber
(104), into a room (101); and means (112, 114) for
returning roomair to said 15 air conditioner (109). 15.

The ‘underf 1 oog i r¢gpndisLi ORI RALSHSHEIY acgfrdﬁngsecogxﬁl t&ﬁﬁfé}\%ﬁ‘l fan
wherei n sai d heans 'for feturning roomair to e alr condi tloner

(109) has an Lo &fakid)edtviiidednd? Backward, C8iAd "Ernel 18%0 centripetal

fans (2, 8) are housed in a casing (9).

14. An underfloor air-conditioning system comprising:
5 an underfloor chamber (104) formed between a
floor slab (102) and a floor panel (103);
an air conditioner (108);
means (105) for feeding conditioned air from said
air conditioner (109) to said underfloor chamber (104);

10 an air discharge unit (100, 100/, 100") for
underfloor air conditioning as defined in Claim 1 for
discharging the conditioned air fed to said underfloor
chamber (104), into a room (101); and

means {112, 114) for returning room air to said

15 air conditioner (109).

15. The underfloor air-conditioning system according
to Claim 14, wherein said means for returning room air to
the air conditioner (109) has an inlet (112) provided in a

ceiling (110).



