1 3 JUN 2005 SPECI FI CATI ON HEAT EXCHANGER UNIT 5 TECHNI CAL FI ELD OF THE
| NVENTI ON The present invention relates to a heat exchanger unit, and nore

particularly to a heat exchanger unit for cold-clinate regi t 7
perfornms heat exchange and ventilation, and is arranged bet \(ngnJ;ZNl ZQBEr

space and an outdoor space. 10 RELATED ART The net hods used in recent years
for indoor ventilation, in which air conditioning is performed for heating
and cooling, have included one that ains to reduce the operating expense
of an air conditioner for heating and cooling by exchangi ng heat between
the supply air (outside air) SERCIFHCATION | ndoor space and the
conditioned air (return air, exhaust air) exhausted from 15 the indoor
space. A heat exchanger unit is one exanple of an apparatus that perfornms
heat exchange and ventilation. Heat exchanger units are installed to
ventilate buildings and var HBsT EXCHANGER UNIT | nclude those |linked with
an air conditioner and those that operate independently. As shown in 20
FIG 1, the heat exchanger unit ‘is installed in places such as above the
ceiling of an indoor space S|l that is to be ventilated. The heat exchanger
unf t FTECHMICAD FIEGD OFCRERANYERNTHAN bet ween the return air RA fromthe
i ndoor space Sl and the outside air OA by a heat exchange element 11 in a
casi ng 10, TH: prekant gwsntiduarelagisue a heatrexAntgd unhtparduhcle partiephdg taOhéaex haust
air EA), and then delivers post heat-exchanged outside air OA into the
i ndooexchpagee ufit fasoklupiphate mgionSkhat penfordfs hextanphange hiid vtdntildtiod oo ispace Sl i s
‘cooled in sunmertinme to 26C by an air conditioner 20, the 1 7 3 JUN 2005
arranged between an indoor space and an outdoor space.

10 - _RELATED ART-
| | The methods used in recent years for indoor ventilation, in which air conditioning is
performed for heating and cooling, Bave included one that aims to reduce the operating expense
of an air conditioner for heating and cooling by exchanging heat between the supply air (outside
air) supplied to an indoor space and the conditioned air (return air, exhaust air) exhausted from

15  the indoor space.

A heat exchanger unit is one example of an apparatus that performs heat exchange and
- ventilation. Heat exchanger units are installed to ventilate buildings and various facilities, and
_int:lﬁde those linked with an air conditioner and those that operate independently. As shown in
20 FIG. 1, the heat exchanger unit is installed in places such as above the ceiling of an'indoor space
SI that is to be ventilated. The heat exchanger unit 5 shown in FIG. 1 exchanges heat between the
" return air RA from the indoor space SI and the outside air OA by a heat exchange element 11 in
a casing 10, discharges the return air RA to the outdoor space SO (exhaust air EA),. and then
delivers post heat-exchanged outside air A into the indoor space Sl as supply air SA. For

25  example, if the indoor space Sl is cooled in summertime to 26°C by an air conditioner 20, the
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heat exchanger unit éxchahges heat between the 26C return air RA and the

- 32C outside air OA by the heat exchange el enment 11, operates the supply

air fan 12, inserts the 27.4C supply air SA into the indoor a
operates the exhaust air fan 13, and di scharges the 30.6C exkgﬂgfﬁaﬁsbﬂ@@

into the atnosphere (outdoor space SO). Thereby, the operation duty cycle
of the air 5 conditioner 20 decreases, and energy consunption can be
reduced. However, the heat exchanger unit 5 does not always exchange heat;
rather, in cases where not exchanging heat would save energy, such as when
per f orheatregclangsr undt enblemgtdiecat betwoen thp A6 reflm air R A ae A2 entdide &it Olaer t han
t he outdoor space SO air tenperature (hereinafter, the "outside 10 air
- t enperbatthe k2a) exchingpelekaticne X T pogess thtndupply alrafan P2 rihseriatior I 41€rsyppe airiSlaat i on,
wherein outside air is taken in without exchanging heat. Although onmtted
f r om mhtGtheindédrapires, apecdartheexhansttairfan $3, apd dischiegeswhd B0.6°Coyspass ajpassage
that is used when performng ordinary ventilation instead of performng
heat @&échtmihe atmebphern (outdddrapace SO afteeby( thetopsrativn jutg vidle btthe biet ween t he
bypass passage and the passage that passes through the heat exchange
el &newrondifionet 30 Hecreads, tihd epergsheonbeaptiexahdagatucedi t 5 is equi pped with two
tenperature sensors 51, 52 for judging whether to perform heat exchange
and ventilation, or ordinary ventilation. As showmn in FIG 2, the '
tenperature sensor 51 is arranged at' a |ocation where it can detect the
t enper at ur Eowfevert the heaitenciangerunRs deek aoealwhyspashage hbatptatier, il easbewhere
exchange elenent 11, i.e., the indoor 20, tenperature. In addition, the
t enpemat exchangenpdent Bulid savaraharpyedich bis whémpafirmingdoelisg whercthn irdiobegiace t he
tenperature of the outside air OA before it passes through the heat
exchaByer empeeatire shigharehan the hetdowt sphacteShir tdngprepamat(hiereinaffa, tha "exsidpl e of
the specifications of the heat exchanger unit as descri bed above, the 25
ol si di tanperateneile thatheatexsiengef gl carperfors etditay aentdatipn, oherelhloutsidkOdt
Furthernore, if.such a heat -2

is taken in without exchanging heat. Although omitted from FIG. 1, the heat exchanger unit 5 is

provided with arbypa'ss passage that is .usled when performing ordinary ventilation instead of
performing heat exchange and ventilation. A damper (not shown) switches between the bypass
passage and the passage that passes through the heat exchange element 11.

15 |

In addition, the heat exchanger unit 5 is equipped with two temperature sensors 51, 52 for

Jjudging '&hemer to perform heat exchange and ventilation, or ordinary ventilation. As shown in
FIG. 2, thc‘ temperature sénsor 51 is arranged at a location where it can detect the temperature of
the return air RA before it passes through the heat exchange element 11, i.e., the indoor

20 temperature. In addition, the temperature sensor 52 is arranged at a location where it can detect
the temperature of the outside air QA before it passes through the heat exchange element 11, i.e.,

the outside air temperature.

As an example of the specifications of the heat exchanger unit as described above, the

25  outside air temperature specification is set to a range of -10° — 40°C. Furthermore, if such a heat
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Z 3 JUN 2005 exchanger unit is used in an environnment where the out si de
air tenperature falls below 10C, condensed water nay freeze t he %
exchange elenent. In addition, dew condensation nay formins GBe JH&J u%i[}fj
To inhibit freezing of the heat exchange elenment in this manner, when the
outside air tenperature fell below a predeterm ned | evel (e.g., )-1 0 C,
conventional heat exchanger units executed an intermttent operation
control node by intermittently stopping the supply air fan and running

with just the exhauyst air. Wien operati nghvmth ust the exhaust air, only
the ret uFFchEpgergingdhy é@lalfl%‘ﬁmﬁ@nt Whers thesgyigde %t%r%wéé&r elffice woul d

flow to tlb“?) QSﬂ%s%Wﬂﬁg%ea?%e&%fcﬂ%gg% éilné?l't'tl aﬁ'&inﬁﬁ "geyAl 2

t enper at ure "be art onger pass t hrough the
heat exchamipesatioameayt forrBausidesthe tlieé | ndoor t enper ature is maintained at a
relatively high tenperature when the outside air tenperature falls bel ow -
10C, the heat fromthe return air would be stored in the heat exchange

el ement when mmnbngre%ﬁgofﬂaémeetﬂaﬁc}%g@el%ﬁleﬁe ifuthis h%ﬁ&ywh&h R \Gulitd 43
condition in which the heat exchange ¢€lenent was about to freeze due to

t he out sieatepesitnre feléhdowra prledletclmmbddlevdﬁc ., FEYCh menwenéipesl hha etxdhmiges severe,

it is al so, concei yabl after f w side,air

t enper at Hps ‘E,?%’*"WSX I}% &‘cfrﬁé’Per o 4a %:(Ob) gﬁgyn}q lé?f&(i\ PR, it
nmay not bie fROSRI Wheink &SRB &ihMudt AR WHenbbeaahNFitRiust HR HRBAlst ai@; nge
el ement just by executing a fixed intermttent op erafll on control node when

the tenpéraii ar fisrhasebirowthe ipledtspesatp rﬂwutécm Ispacgsvaudd Howdo the heat
conventi 2%3}1 ¢ (alé)lfn?ct\’l‘%“}tﬁg cgﬁ O-IIJ_hS%G air, ?T{e%eﬁaﬁnurg%%ﬁ% rlg%lzl%oul%ﬁ)r rovi de a

heat exchange c¢an approprr fe heat
exchangemekiepindo Rvgé pass ibedugh ¢hd ivat @(Cﬂl@@ecﬁllémerﬁ. Because the indoor temperature

is maintained at a relatively high temperature when the outside air temperature falls below -
10°C, the heat from the return air would be stored in the heat exchange element when
running with just the exhaust air, thereby relieving the condition in which the heat exchange

element was about to freeze due to the outside air.

However, in cold-climate regions where the cold is severe, it is also conceivable that,
after falling below -10°C, the outside air temperature could fall further to -15° to -20°C. In
such an environment, it may not be possible to completely inhibit freezing of the heat
exchange element just by executing a fixed intermittent operation control mode when the

temperature falls below a predetermined level, as is done conventionally.

DISCLOSURE OF THE INVENTION
An object may be to provide a heat exchanger unit that can appropriately inhibit

freezing of the heat exchange element even in cold-climate regions.



13 JUN 2005 In accordance with a first aspect of the present invention,
there is provided a heat exchanger arranged between an indoor space and an
out door space, and can perform heat exchange and ventilatioT. tg h :
exchanger unit conprises: a heat exchange elenent; a supply é?r EQ&?@E@
that is routed via the heat exchange el enent; an exhaust air passage that
is routed via the heat exchange el enent; a tenperature sensor that detects
the outside air tenperature, which is the air tenperature of the outdoor

space; and a ¢ontro] unit t?@g exe%é%es a first freeze inhihit control

mode that i nhibiqeerdepessyitng Tisyt apnrst oidhe peRe dpyration|tsre i Prpyidedia best si de

t enper at I i eeze
B @iahddr aﬁ‘oaﬁd%dﬁ)g%\@eefn ah3hddo® %ﬁéce afid gn E))Pﬂ%)%lgﬁﬁﬁgéj LESP c%ﬂge?ﬁ)%gﬁegtr

i nhibit control Inhibits eezin eat ex nge enent
nmor e st r oxihyge dndrventiiation. fihedteatf exebamer whit Lorhprisesitarteht enctiangei demdrg; out si de

air temperatur.e falls. below a second  |eyel which is |ower than the first
| evel . A?lfppﬁPé‘i‘}r B%Sségfptb?‘ﬂ%ﬁm@o‘f’r? ﬁ}‘?}e&h‘f’i’f BheceRetay hAUS Al paisagpRe via

the suppisytoaied vidthé hed  xciffe SefmeBY tQRpShnrhRhHE thd hord e dJurd@osir space to
t he outdoor space via the eéxhaust air passage. Further, because the supply

ai r passtsgeeateret Whichsihe oir terhperpasselbe antdoortrpade; madis echtial anit ket heat

exchange gl n at_is.exch ed between.the su ir, and the exhaust
air int ﬁ)gecﬁﬂezg tﬁg&tgﬁ: g%fgle bllt_ec ﬁ?lgm&%ﬁ &‘ﬁ%’l"ﬁ%ﬂ% ?re?%?g gitgﬁ%fwet,ex gont r ol

uni t monéle@est if R CuKidd @Ripalaturé SRR brst (LR ah@thabdxcohis h S80RaH HMeblice
sensor; as._in the conventional art, when outside air tenperature falls

bel ow a ihitietonir] medethatvalibity freesing efithe heat exchange dementanors sframgliithanc ont r ol
node is X . i r i : e, gl enent i.s
o bi ¢ efie B ESRe: MBL SRR EnChubidE ol Febn N GRATRAT TRRE  on
| evel , wewehwhihlioerer thaanhd fisst fevelst | evel , the second freeze inhibit
control node 4
Air may be supplied from the outdoor space to the indoor space via the supply air

passage, and air may be discharged from the indoor space to the outdoor space via the

exhaust air passage. Further, because the supply air passage and the exhaust air passage are

both routed via the heat exchange element, heat is exchanged between the supply air and the

exhaust air in the heat exchange element.

Furthermore, for example, the control unit monitors the outside air temperature
detected by the temperature sensor; as in the conventional art, when outside air temperature
falls below a predetermined level (first level), the first freeze inhibit control mode is
executed, wherein freezing of the heat exchange element is inhibited; and when the outside
air temperature falls below the second level, which is lower than the first level, the second

freeze inhibit control mode



7 3 JUN 2005 is executed, which nore strongly inhibits freezin
Accordingly, after the tenperature falls below the first Ieve? !y 005
cold-climte region, even if the outside air tenperature unfortunate f
falls further to the tenperature at which freezing of the heat exchange
el ement would be insufficiently inhibited (second level) with just the
first freeze inhibit control node, when the outside air tenperature falls
bel ow t he second | evel the second freeze inhibit control node is executed,

whi ch stren t hens .t ef fect of jnhi |t|ng freezing qof the heat exchange
ol ement . 19 HEPHF %ﬁh@?m Sit’iﬁ’nﬁlddP}t“B PeFiRin APy, Ales We fRPEIATe B0 r ol
node t habelguaht e IMBER a R cRHAS 9§ I?IGR/eﬁ &ﬂ‘gl Eglrft&héﬁ?atgfé ow the first

| evel , a second freeze inhibit cont een new y provi ded t hat
execut es upfocunately folls foither taithe teappetat at which tﬁiesthg bbthetheat emchm@a dlenene| ;

it Vb G R A RIS e i R et B P o

regi ons. mode OfiEenaADOELIAB Rir terth P& athfballs KEOFNBS EecBd TevELthE laé'crona @B Ses a
supply air fan incor porated 1n the supply air passage; and an exhaust air

fan i ncotdhibgasdrol modeis eecﬁna@d;mlmh strepgihsagfbe effeettof énhibiting freering of thani t
intermt S the supply air fan in the first freeze inhibit
cont rol Bg%tgl(%lniﬁg %%n%e second freeze inhibit control node. The percentage
of halt time during intermttent operation in the second freeze inhibit

control node is greater than that during intermttent operation in the
first freeze MASININEH AR pdditipn tpcthe eyt diegze inhibitygpispymeade thibexemitys waen

i nterm tpantl deoat?letr ﬂ%}@fh&% f&lﬁ%?orv@ﬁfe st%‘t;\pe? pats%goﬁd@eezc%ﬂu‘%? ofitrol mod
predeterm ne percentage o nt r’s reeze 1n conttof nmode
and t he hssmondewlygeaddedibiabétect@nivhon tirntesiddMii fetperuturs dER hel@b thef an i s
st opped, the EF’ pply air stops and only exhaust air_ flows by the exhaust

air fan; SEARY el eonsgamepily e gaample bealrechangergmik s ableite appypPasalydntibis s e s

freezing of the heat exchange clement even in cold-climate regions.

In one embodiment, the heat exchanger unit further comprises a supply air fan
incorporated in the supply air péssage; and an exhaust air fan incorporated in the exhaust air
passage. Further, the control unit intermittently operates the supply air fan in the first freeze
inhibit control mode and in the second freeze inhibit control mode. The percentage of halt
time during intermittent operation in the second freeze inhibit control mode is greater than

that during intermittent operation in the first freeze inhibit control mode.

Herein, the supply air fan may be intermittently operated by temporarily stopping the
fan for a predetermined percentage of time in the first freeze inhibit control mode and the
second freeze inhibit control mode. While the supply air fan is stopped, the supply air stops
and only exhaust air flows by the exhaust air fan; therefore, only the warm return air of the

indoor space passes



51 3 J UN 2005 through the heat exchange el enent, and the col d outside
air no |l onger passes through the heat exchange el enent. Accordingly, the

heat exchange el enent stores heat when the supply air fan s S ]mg e
supply air and exhaust air flow by the action of both fans, 1g£éi¥h ?@gﬁh

t he heat exchange el enent, which is cooled by the outside air, is
inhibited. Furthernore, with intermttent operation in the second freeze
inhibit control nbde executed when the outside air tenperature falls bel ow

t he second level, which is Jower than he first |level, the percentage of
time t hatﬁ“ﬂ‘é‘ & Bptyehanee afﬁn}egt; ‘gg'ﬁé?élfdi WY@ Bp Tangat pasregthngpe the
I nter m t {eitlexORBEAEIRRAL. ?xctf:&ﬁirfg!)r, $he ﬁéa?&?cﬁaﬁ%l&?ﬁén&%&?%sr}@at WRGEthe suprply

Consequently, even if there is™an Increase e outside a
t enper at @irdarf ipps; mipeh Siesmpplyaismdenbadsesie loarty the ecthmaif botxiaha figpeziak effent

freezi ng, freezing of the heat exch lement will be inhibited b
the t1 e Y TH SHER SRR WREh BFQaIedba e Puipide BBt he outsi de air

(the tine that the supply air fan is operating) will shorten. In another
enbodi ment, the control unit further perforns intermttent operation of

t he exhaust aFprthermorg withanteeodiedt spesating in Hie sscondoiberze nhibibemtrobaoden, i n
t he seco e_inhihit control . intermttent, operatiaon, of the
exhavet - Sre BT, ARGy bOR B MRRLIRR PRI DiediehiBn o

t he suppkly fastrlefedthe pbiteRhfest tiBe that the Bupile ai SHORGtIPpe® Aerédidy thid thaos r ol
node, there i;s a tinme span when both the suppléialr fan and the exhaust

air fan HrEMIEeHsepaptioy sthe Hisd dreemashibi conepl mode: Consaayently, eyaigerdisi ng
per f or me g I i t,. Bl r i this
e opaniieiea i i S ARl of o SRS SR el (R EeLERF S HERIR | T
t he suppkxchange dadeheusp, fradzing dnkk licat stdhgngdéchenpelldicynldbied because

the time in which the heat exchange element is cooled by the outside air (the time that the

supply air fan is operating) will shorten.

In another embodiment, the control unit further performs intermittent operation of

the exhaust air fan in the second freeze inhibit control mode.

Herein, in the second freeze inhibit control mode, intermittent operation of the
exhaust air fan may be performed in addition to intermittent operation of the supply air fan.
In other words, in the second freeze inhibit control mode, there is a time span when both the
supply air fan and the exhaust air fan are temporarily stopped. Because ventilation is no
longer being performed and both the supply air and exhaust air are stopped during this time
span, the temperature of the indoor space rises. Thus, by stopping the supply air and exhaust

air, and raising the temperature



1 3 JUN 2005 of the indoor space, freezing of the heat exchange elenent is
i nhi bited by the subsequent exhaust air. Furthernore, if th §uaehﬁzﬁkgiis
stopped and just the exhaust air flows, entry of the outsidé i

out door space into the indoor space through a gap prevents the indoor
tenperature fromrising;, consequently, the enhanced effect of inhibiting
freezing may not be obtained as when both the supply air and exhaust air
are stopped. In this manner, because it is possible to create a condition
in the second freeze inhibit _control node wherein both the supply air and
exhaust &1 thedpdoarspgssy Hegame ofitepbreg excianaelpraent ininbibitsd §y she wbsequant

i nhi bi ti ngrfJeszi ng of the heat exchange el enment, freezing of the heat
exchange el enent” may be effectively achieved. In another enbodi nent, the
heat exchanger unit further conprises: a supply air fan incorporated in
the supply air ssage;..and an exhaust air fan incorporated in the exhaust
air passage. Rl hem st ¢ sypply 816 4, FQPeg T JUSh (SR AUSDHE fowsrartryof ghe he
supply ai i i f- ik i I -

Tt or i O hFutbdripace A i ke BN eofipiep@Tfeindpor e
second f terpeaturdirdgm ristngntonséquendie . théeslmnogd effdeyof inbibitingrepzmgmdyamt bay be

intermttently operate en the outside air te rature falls bel ow the
first Ie&ggnﬁﬁﬁf eF&S&Qﬁgﬁﬂﬁﬁ%ﬁWa ﬁg?ﬁﬁaﬁﬁﬁ%?ngﬁd both the supply air
fan and the exhaust air fan are operated intermttently when the outside

air tenmperature falls below the second |evel (second freeze inhibit
control node) In tecmaswerbechyse itdpanssihle begeatp a conditiswinghd s§aone figeieihhibitt

fﬁgt r70 |13 qﬁ%ﬁ?l% v!il%err]eirq %E)ﬁ!l t}up s?up%ﬁp ﬁlr Ind clexrhalellsr}%irtarr]g te?n)i)%?alfﬁ;r st%lplgef Qw%ichﬁ'}agpped '
a strong effect in inhibiting freezing of the heat exchange element, freezing of the heat

exchange element may be effectively achieved.

In another embodiment, the heat exchanger unit further comprises: a supply air fan
incorporated in the supply air passage; and an exhaust air fan incorporated in the exhaust air
passage. Furthermore, the control unit intermittently operates the supply air fan in the first
freeze inhibit control mode, and intermittently operates the supply air fan and the exhaust air

fan in the second freeze inhibit control mode.

Herein, only the supply air fan may be intermittently operated when the outside air
temperature falls below the first level (first freeze inhibit control mode), and both the supply
air fan and the exhaust air fan are operated intermittently when the outside air temperature
falls below the second level (second freeze inhibit control mode). Because a time span arises
in the second freeze inhibit control mode in which both the supply air and the exhaust air are

stopped, the



tenperature of the indoor space rises, and freezing of the heat exchange
elenment is effectively inhibited by the conparatively warmreturn air
passi ng through the heat exchange el enent when t he exhaust i g LHJN ZQQ§
subsequently flows. In another enbodi nent, the heat exchanger unit further
conprises a casing. The <casing has a first inlet and a second outlet on

t he outdoor space side, and a second inlet and a first outlet on the

i ndoor space side. In addition, the casing houses the heat exchange

el ement. The supply air passage extends in the casing fromthe first inlet
to the sd&BRFEPIR qgthe pdeprispacetisss. apd Eearine obthe hedexchange elenwnss air passage

ext ends 'eﬁe&tﬂ%lefiﬂﬁfbﬂgd B}fﬁ@c%ﬁ@mfa'ti(/élg/ a?fﬂtr%ﬁhl Lip ££1%g%ﬁl%8§lgth%lﬂegp t via the
heat exchange €l enent. *urthernore, the terrperaPure sensor s arranged
bet ween tehehahge slementl veienake etimugupplubseguenthadsage and t he heat exchange
el ement. Herein, because a tenperature sensor may be provided in the supply
air passage, in particular between the first inlet on the outdoor space

side and the heatoretChAaBae et ShEmat ex&gﬁ%&ﬁﬂﬁ?ﬁrﬁ{eyﬁﬁn 8O3 GAR AR Made to

detect the outside air tenperature. In accordance wth a second aspect of
t he preseating haserfirstanlet atvka sccbsd puatbet od €t eutdreaspace xtleangler sesond indut nadged

bet ween t.he ipdoor, space and the. outdoor space, .and ca rform heat
exchangetﬁﬁﬁgu{;%nc?liqj%&%?ﬂs?%eﬁ&?‘gﬁ‘ﬁ‘%‘gt_l‘é%ﬁlgg‘fwé'%@ﬂgﬁ?éghegl?% M supply air
passage efefient MR sYppMaidblissagdktdriidin ihe chaHs B8mMhe fitd 1bas theeehalart _
el ement; an exhaust alr passage for exhausting air, and that is routed via

t he heat vindbhenyexdlangresiement. nstairpassage extefidsrin thpegasiongifrogn thedfirst

t enper at rti on of the heat.exchange nt on,the downstream
srane ot St % ;88 gifle(Nin el GAn RS RO T Al RierS g RS0
execut es sensbi & atrafiged®etvden Mhdiifst BOADLSE He JUPHIY airabBe bihikbBitkst dxtRageng of

t he heat exchange -
element.

Herein, because a temperature sensor may be provided in the supply air passage, in
particular between the first inlet on the outdoor space side and the heat exchange element,

the temperature sensor can be made to detect the outside air temperature.

In accordance with a second aspect of the present invention, there is provided a heat
exchanger unit arranged between the indoor space and the outdoor space, and can perform
heat exchange and ventilation, comprising: a heat exchange element; a supply air passage

- for supplying air, and that is routed via the heat exchange element; an exhaust air passage
for exhausting air, and that is routed via the heat exchange element; a temperature sensor for
detecting the temperature of a portion of the heat exchange element on the downstream side

of the exhaust air flow; and a control unit that



element if the tenperature detected by the tenperature sensor falls bel ow a

first level; and executes a second freeze inhibit control , i
S AN 2005

inhibits freezing of the heat exchange elenent nore strong

first freeze inhibit control node, if the tenperature detected by the
tenperature sensor falls below a second |level, which is | ower than the
first level. Because the humdity of the indoor space is generally higher
than the outdoor space, a freezing phenonenon occurs at the portion of the

heat exchange el ement on the downstream sjde of the exhaust air flow (the
portion HESHUES afgstifeze hiibrongighmads, l%mgl%ﬂﬁ&ﬁem ot Brpertaxeh®pei f the

heat excRpngs: i Riperd %;95&&9& BF 1 t88b&h AR QhsdTaUSHHIRY ¥ fkificvePangage and

t he exhaust air passage, freezes. I'n cohtrast, in the conventiondl art, the
j udgnent exdxutes awhetnddreerzoinbént anmobmeda twhictsinhibis fieedingof the heszkclgngé t he

heat exchange, el enent. i de. by. detecting the t ature of the outside
BT that CRRCOLROIHBAGH Hbhe Sap e oaag el bR eFR e Hecied

t enper at uE end mPefdtiRé SREMTaN S Belb®\Elecol ¥ el HIBLE 8o wePBaR UGk Bvel.
conventional art is unable to judge based only on the outside air

tenperature whether the heat exchange elenent will freeze, it is therefore

preferable togmke sugh ..ud nt s, based on the.t erature of the portion
bt “the heat - oRonang B ey FERE ot 5k Slhehdiny FBEL R 8 Blekr RS
flow i.efieckiig ph&ichientn bbakrs dtaRélBortion bf @R HateAShdnge clbalenhgn i s i nto
consideration, a tenperature sensor nmay be arranged herein in order to

det ect t Hewpgrpgersidapidhe exhaget aoflaw the pertion aetrento thx evidpefespatedmying 2on t he
d t S| ir fil ' . th
ownstregn, Fu? ![teg%heg%ta{ﬁ: ‘i:“ﬁ[tﬁé; F@alﬂ %}rt?hl%hné? (t:lel% t éﬁl%ﬁ rfgtln?@% j?drtl&? E)P L Fﬁ@a%eg t

conventi ona es es erisk o eezing o

exchangepadsegeenid thasddusirit faesagu] fa¢cdes. i ConttagNethato@ntibhie aftj thk of
freezing.9 1 3 JUN 2005 of the heat exchange el enent can be judged based
on the t g}ﬁ]ﬁg}e&‘g ghout Wheqlﬁeto[i’@ﬁf’% Apeatiengdhat inhibit freezing of the heat exchange

element is made by detecting the temperature of the outside air that passes through the
supply air passage and comparing that temperature to a predetermined level. Nevertheless,
because the conventional art is unable to judge based only on the outside air temperature
whether the heat exchange element will freeze, it is therefore preferable to make such
Judgments based on the temperature of the portion of the heat exchange element on the

downstream side of the exhaust air flow, i.e., the portion that tends to freeze easily.

Taking this into consideration, a temperature sensor may be arranged herein in order
to detect the temperature of the portion of the heat exchange element on the downstream
side of the exhaust air flow. Accordingly, rather than the conventional technique that
estimates the risk of freezing of the heat exchange element based on the outside air

temperature, the risk of freezing



heat exchange el ement on the downstream side of the exhaust air flow, i.

e.,
the portion that 1is expected to freeze first. Enabling the ri f ©
freezing of the heat exchange el enent to be judged nore accuthéfy“JN zﬂﬂg

manner reduces malfunctions |like switching to freeze inhibit operation
when not needed, or not starting freeze inhibit operation (freeze inhibit
control node) despite the fact that the heat exchange el enent is freezing,
t hus enabling freezing of the heat exchange elenent to be appropriately

i nhibited.in cold-clinagg regi ons. Furthernore, for exanple, the % nt rol

uni ther 8f fhe SR PoRanee Rlemeah i be el fepet e teyPIRre iprepation ef Yensor ;
when thate4 %R&%g@ el%ﬁféﬂ@ér?ﬂlﬁ IrdSwflﬁlféaﬁl Q%% Sfhe eﬂﬁﬁ%ﬁﬂ%ﬁ% tbﬁgﬁjtion ﬁ{a‘t rst

| evel ), the first freeze | bit contr node 1's execute rein freezing
of the heatxpedsdaimepze irtnent i s i nhibited; and when the detected
tenperature falls below the second Ilevel, which is |ower than the first

| evel, the second freeze inhibit control node is executed, which nore

strongly i nhi Bhbhislide'tREALINGE FAGHRIHitNTheht efHhfEe dIBRedte9BE RN Riofdl | s bel ow
the first level in a cold-clinate region, even if the tenperature of the

portion afcuraielyte giis merediaedpscameliwntioonlikhewitdwwgstorfeesne whiat apferatios exhaust

air flow unfortunately falls as far ;. the .t epperat ure (second,l.evel) at
ahi ch v S8 REH PR potirn et Bioni B abitRp S RRRE L B RSP RSMAE b1 1 o
Wi th j ustedphte tHe fasd thit'tbe et exdhahid el 689 frebBAe thiablidpafked, RIFRATIA Il
falls below the second | evel the second freeze inhibit control npde is

execut edexshapgalementdn §e ppproprisialy dnliibised igfeoldhplipteiregionshe freezi ng of the
heat exchange elenment. In this manner, in addition to the first freeze
inhibit control node that executes when the tenperature detected by the
t enper at ur e sBaslrmiosd, ifer dxample, tHeeohirslsinit Ieréih monitsBabe tbmper£a2 deicofetibi t

control e may be provided that executes when the detected tenperature
falls begga}ettF@P‘?é%‘ﬁﬁFni@ﬁ when that detected temperature falls below a predetermined level
(first level), the first freeze inhibit control mode is executed, wherein freezing of the heat
exchange element is inhibited; and when the detected temperature falls below the second
level, which is lower than the first level, the second freeze inhibit control mode is executed,
which more strongly inhibits freezing. Accordingly, after the temperature falls below the
first level in a cold-climate region, even if the temperature of the portion of the heat
exchange element on the downstream side of the exhaust air flow unfortunately falls as far
as the temperature (second level) at which freezing of the heat exchange element is
insufficiently inhibited with just the first freeze inhibit control mode, when that temperature

falls below the second level the second freeze inhibit control mode is executed, which

strengthens the effect of inhibiting the freezing of the heat exchange element.

In this manner, in addition to the first freeze inhibit control mode that executes when
the temperature detected by the temperature sensor falls below the first level, a second
~ freeze inhibit control mode may be provided that executes when the detected temperature

falls below the second

10



1 3 JUN 2005 |l evel; consequently, the present heat exchanger unit can
appropriately inhibit freezing of the heat exchange el enent Nyl _
cold-climte regions. In another enbodinment, the tenperature ﬁgﬁsUJﬂhgggéts
the tenperature of the exhaust air in the exhaust air passage on the
exhaust air flow downstream side of the heat exchange el enent. Herein,
because a tenperature sensor may provided that detects the tenperature of
the exhaust air at the portion of the heat exchange el ement on the

downstream side of the exhaust air flow, the tenperature of the portion of
the heat ?f'éfﬁﬁ rapFaLetiynbs Presmtiheat exehumest P@éﬁ%@?@@te}%@%&l’r@%ﬁg&fﬁhq | ow
maybe aCﬁHﬁ%&&hM,Q@ﬁHﬁ veBR EaBiRANAH N OF DRAWNGS FIG | is a genera
| ayout draw ng OF t he heat exchanger unft. FIG 2 is a schematic draw ng of
the constitution of the heat exchanger unit. FIG 3 shows the operation
status of the heat, exchanger it wth respect to the outside. air
tenperature. ﬁ@oﬂaerie&?ba&%a%ﬁﬁ% TeRRFFALYHE e S6F a?tﬁﬁs BEAREPERRION BF ¢ he heat
exchangeexiuit air AAEOEAINL 4%abhge bR BraBRadi TN EowRREFERRER faMBRL MENTS
FI RST EMBODI MENT The heat exchanger unit 5 according to one enbodi nent of

t he presexchapgeedementn is linked to an air conditioner 20 or operates

i ndependently, and is installed in order to ventilate buildings and
various facilities. As shown in FIG 1, the heat exchanger unit 5 according

to the presenfereld, because a temperature sensor may provided that detects the temperature of

the exhaust air at the portion of the heat exchange element on the downstream side of the
exhaust air flow, the temperature of the portion of the heat exchange element on the

downstream side of the exhaust air flow may be accurately deduced.

BRIEF EXPLANATION OF DRAWINGS
FIG. 1 is a general layout drawing of the heat exchanger unit.
FIG. 2 is a schematic drawing of the constitution of the heat exchanger unit.
FIG. 3 shows the operation status of the heat exchanger unit with respect to the
outside air temperature.
FIG. 4 is a schematic drawing of the constitution of the heat exchanger unit

according to the fourth embodiment.

PREFERRED EMBODIMENTS

FIRST EMBODIMENT

The heat exchanger unit 5 according to one embodiment of the present invention is linked to
an air conditioner 20 or operates independently, and is installed in order to ventilate
buildings and various facilities. As shown in FIG. 1, the heat exchanger unit 5 according to

the present

kN



1' 3 JUN 2005 enbodinent is installed in places |ike above the ceiling of
an i ndoor space Sl that is to be ventilated inside a building, and the duct
31 links the indoor space SI to the outdoor space SO outsidg Bhé&f&ﬂZB@ﬁu}
The heat exchanger unit 5 exchanges heat between the return air rom _
t he i ndoor space SI and the outside air QA by the heat exchange el enent 11,
di scharges the 5 return air RA to the outdoor space SO (exhaust air EA)

and then delivers post heat-exchanged outside air OA into the indoor space
Sl as supply air SA. In addition to this type of heat exchange and

vent i leaibb@itncAPRIiAAIRE in plaCesB@tabswCiha 0eifAg bitintin§odt 3Pack|SE chap@ytb®em t he usual
ordinary ventilation operation by using a bypass passage. 10 CONSTI TUTI ON

As sheehtilhied fside abuilihe, HRBhe G¥&BANERS théRhdooPsaté BLioltAé bytd6aEPadeSHS A _
casing 10, which includes a supply air passage and an exhaust air passage;

a heabugidehROBEIR L TRO heal ExdHAHS@ NIt extRAgELHhetREen! the rdtifiabeR Qffrolhe
casing 10; a‘'supply air fan 12; an exhaust air fan 13; and a control unit

(not  sioBdor spire Bland aionthideait OADY tEPRED St INBAR dl@adndn g igthafpas tlel el epi ped
box that houses the heat = exchange elenent 11, and has a first inlet | Ga
angl s eaamchiORIA |6 thel oufdbop pach SOQLIHREN aiSIRAY; Gnd@Ben Gbldlers puithat-see@nged nl et

. 10b and a first outlet 10c on the indoor space St side. The supply air

passagftside a& PASKAHE ihiidtr spAdeS1ds sigpbnait HA. fni ddditioh Bd ¢is thPeofieat he second
inlet 10Gb via the heat 20 exchange el enent 11. The exhaust air passage is a

passaggchaigd arfdtetifitiod 6]]§Hﬁﬁdih§tHeiHeﬁﬁerhﬁdgatunMcantaﬁsotﬂ&EfoﬁﬂMuﬁut let | d
via the heat exchange el enent 11. The heat exchange elenent 11 is a - -

: so-cab‘hﬁﬁhﬁ@hﬁilaﬁ@aipeﬁﬁsﬂapgﬁh%aibgyds@gasaag&tructure wherein the nutual ly

orthogonal flow passages are alternately | ayered The fl ow passage in one
-12 '

10 CONSTHIHKQN
As shown in FIG. 2, the heat exchanger unit 5 principally comprises a casing 10, which
includes a supply-ajr passage and an exhaust air passage; a heat exchange element 11 housed in
the center of the inside of the casing 10; a supply air fan 12; an exhaust air fan 13; and a controi
unit (not shown).
15
The casing 10 is an approximate rectangular parallelepiped box that houses the heat
exchange element 1 1, and has a first inlét 10a and second outlet 10d on the outdoor space SO
side, and a second inlet 10b and a first ou'tlct. 10c on the indoor space SI side. The supply air
. passage is a passage that extends from the first inlet 10a to the second inlet 10b via the heat
20  exchange element 11. The exhaust air passage is a passage that extends from ﬂ}e first éuﬂet 10c

to the second outlet 10d via the heat exchange element 11.

- The heat exchange element 11 is a so-called total heat exchanger, having a structure

wherein the mutually orthogonal flow passages are alternately layered. The flow passage in one

-12-



13 JUN 2005 of the directions is incorporated in the supply air passage

i nside the casing 10, and the fl ow passage in the other diregtion is ,
incorporated in the exhaust air passage inside the casing 10. 3’h.éUNJQ}E![}6
~air fan 12 is arranged on the downstream end of the supply air passage, and
is 5 operated so that the outside air QA fromthe first inlet 10a fl ows
into the casing 10. In addition, the exhaust air fan 13 is arranged
downstream of the exhaust air passage, and is operated so that the air
(return air) RAinside the indoor space SI that is to be ventilated fl ows
i nto ththeidirsitibas ifincarherated s Hg supply eispatsage inpide thewasing 40, anghe figyv |
addition, although omtted fromFI G 2, the heat exchanger unjt 5 is

. provi gadags inthesothdrydingestionpa swamwraiedia thhevhaps eirgesiagginsidgithesayingdfit i | ati on
i nstead of heat exchange and ventilation. The danper (not shown) sw tches
bet ween the passage through the heat exchange elenent 11 and the bypass
passage. 15 Furthernore, the heat exchanger unit 5 is equipped wth_ two

t enper at ur he suppbyrair fag, 1259arrdnged puthsidegrnelieanhend af dheapplyral prewes-eRe Fange
and ventilation, or ordinary ventilation. As showmm in FIG 2, the

t efpe pptrated ss 8nt e oBtridexin P A drsgethe firstanirotiatfloys ipledhecasioeddn Inpddiion. t he
tenperature of the outside air OA (nanely, the outside air tenperature),
. bef or thej exhpst gie £ant I3rie eghnged dowagreameoldhrsrideus pi pasiees nd mywerasdsg ey t he
tenperature sensor 51 is arranged between the first inlet 20 10a_of_ the
suppl $hegiir (g BA nsiddsherindoar spaos$1 fipt Hria be nentHaigd flewe maa g udiring 11.
In addition, the tenperature sensor 52 is arranged at a |ocation where it
can déteawsing he frosvihefisst gukdetdfict he return air RA, namely the indoor
~tenperature, before it passes through the heat exchange el enent 11
Specifically, the tenperature sensor 52 is arranged between the first

outlet 10c of the exhaust air passagze i nside the casing 10 gndd t he heat
ek@&hange e eadslitton] glthopgh pmitted from FIG. 2, the heat exchanger unit 5 is provided with a

bypass passage used when performing ordinary ventilation instead of heat exchange and
ventilation. The damper (not shown) switches between the passage through the heat exchange

element 11 and the bypass passage.

15 Furthermore, the heat exchanger unit 5 is equipped with two tempéramre sensors 51, 52
for judging whether to perform heat exchange and ventilation, or or_dinary ventilation. As shown
. inFIG. 2, the temperature sensor 51 is arranged at a location where it can detect the temperature
of the outside air OA (namely, the outside air temperature), before it passes through the heat
exchange element 11. Specifically, the temperature sensor 51 is mmged between the first inlet
20 10aofthe suppiy air passage inside the casing 10 and the heat exchange clement 11. In addition,
the temperature sensor 52 is arranged at a location where it can detect the temperature of the
| return air RA, namely the indoor temperature, before it passes through the heat exchange element
11. Specifically, the temperature sensor 52 is arranged between the first ouﬂg:t 10c of the exhaust
air passage inside the casing 10 and the heat exchange element 11. |

25

-13 -



13 JUN 2005 Furthernore, the detection results of the tenperature sensor
51, which detects the outside air tenperature, are used as aéc ndi tion
when the control unit execute the freeze inhibit control nod sgasJUN 20{]5
described later. 5 CONTROL | The control unit of the heat exchanger unit 5
controls the operation of the supply air fan 12 and the exhaust air fan 13
based on factors |like the detection results of the tenperature sensors 51,
52. 10 NORVAL VENTI LATI ON CONTROL MODE The control unit of the heat
exchanger unit 5 executes normal ventilation control node based on the

i ndoor t empertixrooee, drdletdetomresslisie thd temperapes sthsmrd 1dwhieh detcth thetoutside
tenperature sensors 51, 52. In cases where there is a linked air '

condi tirsereper@0re, atcasebasratondition iwheh ittercooweltund excenteltheifsemdshibitednttdki ng t he
operating status of the air conditioner 20 into consideration. In the 15
nor mamodenas deatrited lgemt r ol node, the heat exchanger unit 5 swi tches between
t he heat exchange and ventilation operation and the ordinary ventilation

- operation. Wien the supply air fan 12 and exhaust air fan 13 are operated
and operation of the heat exchanger unit 5 starts in heat exchange and
veht i ICONDBRObperation, the return air RA inside the 20 indoor space Sl is
sucked into the casing 10, passes through the heat exchange el enent 11,
changes i nffbe exttad guit af the Bogt eackhnge whitSoivatrgls the apsmtion of the stpy giagiong 10 to
t he outdoor space SO In addition, the outside air OA of the outdoor space
i s t ak2and tittexhivst gafinn§ thdsd paciess liketmudpectiph eeshiénef thx thpagbire| enent 11,
changes into supply ar SA;, and is discharged fromthe heat exchanger unit
5 to sdmsoisrddo®). space SI. 25

10 NORMAL VENTILATION CONTROL MODE
The control unit of the heat exchanger unit 5 executes normal ventilation control mode
based on the indoor temperature and the outside air temperature detected by the temperature
sensors 51, 52. In cases where there is a linked air conditioner 20, the normal ventilation control
mode is executed taking the operating statué of the air conditioner 20 into conéideration. In the
15 normal ventilation control mode, the hcé;t exchanggr unit 5 switches between the heat exchange

and ventilation operation and the ordinary ventilation operation.

When the supply air fan 12 and exhaﬁst air fan 13 are operated and operation of the heat
exchanger unit 5 starts in heat exchange and ventilation operation, the return air RA inside the
20 | indoor space Sl is sucked into the casing 10, passés through the heat exchange element 11,
changes into exhaust air EA, and is discharged from inside the casing 10 to the outdoor space SO.
In addition, the outside air OA of the outdoor space is taken into the casing 10, passes through
| the heat exchange element 11, changes into supply air SA, and is discharged from the heat
exchaﬁger unit 5 to the indoor space SI. |

25
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-14 13 JUN 2005 Heat exchange and ventilation operation varies according
to the operating conditions, such as cooling in the sumrerti heat,l I
the wintertinme, cooling when the tenperature of the outdoorng%ékeﬂégpggbg
| ower than the indoor space SI, and heating when the tenperature of the

out door space SO is higher than the indoor space SI; the follow ng

descri bes one exanple of 5 such operation. In a case where the indoor space
$l is heated in the wintertine to 20C by the air conditioner 20, the heat
exchanger unit 5 exchanges heat between the 20C return air RA and the O0C
out si de ai He@¥gxchbpeee and sentitgionwppiatiomiaries agcotding tthe pperatingecopdiGosuppl y ai r
SA into the indoor 10 space SI, operates the exhaust air fan 13, and

di schanges cobinSi@ thahaursertinier hdafing mtthe wirgerinrepepiog avben thederoperaprrced SO) .
Ther eby, the heating operation duty cycle of the air conditioner 20

decr edbewtdandpaen & lovrdbmphé odoorsspacedicad heptingatién the fempefaturief thent r ol
unit of the heat exchanger unit 5 judges fromthe detection 15 results of
t he tenploraipaceSQankigh Ui, the hdpdrpaseoilethedellayyingdetcabiseons gyaraplp pf
performng ordinary ventilation instead of the abovenenti oned heat
exéharsgeh epethtiwent i [ ation, it switches the danper (not shown), and perforns
ordinary ventilation operation using the bypass, passage. In ordinary
ventilation operation, the outside air OA whose heat is not exchanged with
the return air RA is taken into the indoor space SI. 20 FREEZE INHIBIT
CONTROL MODEScase whetd the indbpespaéany ipheat¢deinitbawiniscimarigy 806l tortbagir 11 when t he
outside air tenperature falls below -10C, the control unit of the heat
excharmgeditionsi £0,3hehext axchenganonid b ekehrapges Heptcherweanthe BO°C relwgmair BA anddes _
dependi ng on the outside air tenperature. These two freeze inhibit control
modes 0°C outside air OA, operates the supply air fan 12, inserts the 15°C supply air SA into the indoor

10 space SI, operates-the exhaust air fan 13, and discharges the 5°C exhaust air EA into the
atmosphere (outdoor space SO). Thereby, the heating operation duty cycle of the air conditioner

20 decreases, and energy consumption is reduced.

In addition, if the cqntrol unit of the heat exchanger unit 5 judges from the detection
15 results of the temperature sensors 51, 52 that more energy would be saved by pérforming
ordinary ventilation instead of the abovementioned heat exchange and ventilation, it switches the
damper (not shown), and performs ordinm;y ventilation operation using the bypass passage. In
ordinary ventilation operation, the outside air OA, whose heat is not cxchén_ged'with the return
air RA, is taken into the indoor space SL
20 |

| FREEZE INHIBIT CONTROL MODES
To inhjbit. freezing of the heat exchange element 11 when the outside air temperatﬁre falls

below -10°C, the control unit of the heat exchanger unit 5 executes two different freeze inhibit

control modes depending on the outside air temperature. These two freeze inhibit control modes

25  are the first freeze inhibit control mode and the second freeze inhibit control mode.

-15-



25 are the first freeze inhibit control node and the second freeze inhibit
.control node. -15 1 3 JUN 2005 The first freeze inhibit control node

inhibits freezing of the heat exchange elenent if the outsi d'bSaUU 2005
tenperature falls below -10C. In the first freeze inhibit control nnde Ph
exhaust air fan 13 is continuously operated, and the supply air fan 12 is
stopped for the first 15 mnutes of 5 every 60 mnutes; this operation is
performed repetitively, and is hereinafter referred to as the first
operational node. . In cases where the outside air tenperature falls
bel ow -15C, the second freeze inhibit control node inhibits freezing of
t he heat exchange el enment nore strongly than the first freeze 10 inhibit
.control nodge fika flcbe: iskBD Bohtfol awde inhibitdfrdezing of thelhcamestehanph elesieppif vheai r f an
12 and the exhaust air fan 13 are operated intermttently. To explain this
nor e eaRideeliakyiperafird falls be&ewRTD°Cf ez rst foéeiihhibio néntall muddethe tXiemustappl y ai r
fan 12 and the exhaust air fan 13 are halted for 60 mnutes, and then
oper aftuprB issont@aicasly egerhted, and shie suppiyraittfers 12 issicpped for aiid finst 1 Smpertdsarfned
repetitively, and is hereinafter referred to as the second operational _
nmode. eldry bhenifiges; Otk bperatiqyl iapagornied repefidvdncad tichdrdiftafted refloed tohw tiper at i ng
condi ti ons change when using the two freeze inhibit control nodes. During
- t he usudlopwatibndl aldden operation (herein, heat exchange and ventil ation
operation ‘20 because the outside air tenperature is low), the tenperature
sensor 51 continuously nonitors the outside air tenperature; the first
freeze inhibit control node is executed when the outside air tenperature
falls bel ol eak8Grherh @reatmysidel aﬁnttempiaﬂanmmfallepelbart-ilmﬁi dfe seostd fideee st y ai r
fan 12 begins (first operational node).

control mode inhibits freezing of the heat exchange element more strongly than the first freeze

10  inhibit control mode. In the second freeze inhibit control mode, the supply air fan 12 and the
exhaust air fan 13 are operated intermittently. To explain this more concretely, in the second
freeze inhibit control mode, the supply air fan 12 and the exhaust air fan 13 are halted for 60
minutes,i and then operation is restarted for just 5 minutes; this operation is performed |
7 repetitively, and is hereinafier referred to as the second operational mode.
s : . ,

The following explains, in reference to FIG. 3, how the operating conditions change

when using the two freeze inhibit control modes.

During the usual ventilation operation (herein, heat exchange and ventilation operation
20 because the outside air temperature is low), the temperature sensor 51 continuously monitors-the
outside air temperature; the first freeze inhibit control mode is executed lwhen-the outside air
. temperature falls below -10°C. Thereby, intermittent operation of just the supply atr fan 12

begins (first 6perationa1 mode).

-16 -



-16 3 JUN 2005 During the first operational node, the outside air
tenperature is continuously nonitored, including the 15 m nutes,wh tf
supply air fan 12 is halted. Because the cold outside air OA daeaiﬂat é@@s
t hrough the heat exchange elenment 11 while the supply air fan 12 is halted
in the first operational node, cooling of the heat exchange elenment 11 is
alleviated. 5 However, if the outside air tenperature is too low, it is
concei vabl e that freezing of the heat exchange el enment 11 cannot be
inhibited in the first operational node. Therefore, when the outside air

- tenperatur @dhﬁ%'ﬂﬁ 8l PatidbREmddaethe StsidRlairtBrhperhidtd i§ comamvbilpontiorelie fir st
freeze inhibi control node and executes the second freeze inhibit control

mode ih'fb?ﬁcﬁﬁ’éjthe-[@ Snisitbd Sndd 19%&15})1%} he e 15t nhAeB&caushihbicbldaRBidealir Onde t o
the second Treeze inhibit control nobde is forced, even if the first

oper atyi,andls paRGRrobsh 1B hRARUERSSe cIERBNSIAGARL RO QUHPY APk 1TadRalfdRRes a
cycle of 60" mnutes of halting the supply air fan 12 and the exhaust air

fan 13l pkiaf¥ed mdte fcb¥BndbMie Bsit efcHARRY bR 11 Th&leRtiyed. because 15

: 0 : ; .
ventllatlgn operati on |s£ﬂglted continuously for 60 m nutes, the indoor
tegperature rises during this tinme. Consequently, when operation of the
exhaust air fan 13 is restarted, the warmindoor return air RA passes

through t heheat:, B AREE: St mRtandd is fob &6 ayisicohddddbloWatffeeing ogthef t he
heat exchange el ement 11. Furthernore, in the second operational node, the

out si @l@ai%ix&han%@@@ﬁéﬁth r@nhdt bERHibiRidas dRyfirkl et LBRAMAGdY Theefoss whbd théur i ng
the five mnutes when the supply 20 air fan 12 and the exhaust air fan 13

are ORGfRIcSsh tethperhilf fBSHEIbW L 5°0DMelcORirdldmithalO e htln dithe fidbfreszRt Ure in
the second operational node indicates that the outside air tenperature is

11 Si NGHARE cdtdl mohSaRidxebales Bl kedoRTRRER iHAiBit ORI MR indteadbBhe SBCHOM
greater during five mnutes of nonitoring, the control unit shifts fromthe
S@@0NGhe first freeze inhibit control mode to the second freeze inhibit control mode is forced, even if

the first operational mode is in progress.

The second operational mode repeats a cycle of 60 minutes of halting the supply air fan
12 and the exhaust air fan 13, followed by five minutes of operation. ’f‘hereby, because
15 venﬁlaﬁon operation is halted continuously for 60 minutes, the indoor temperature ﬁscs during
this time. Consequently, when operation of the exhaust air fan 13 is restaﬁed, the warm indoor
retirn air RA passes through the heat exchange element 11, thereby inhibiting freezing of the
heat exchange element 11. Furthermore, in the second oi)eraﬁonal modg, the outsidgz air
temperature is monitored by the temperature sensor Sll during the five minutes when the supply

20 aJ;r fan 12 and the exhaust air fan 13 are operated.
If the result of monitoring the outside air temperature in the second operational mode

indicates that the outside air temperature is rising and that the outside air temperature continues

to be ~13°C or greater during five minutes of monitoﬁng, the control unit shifts from the second
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17 13 JUN 2005 { freeze inhibit control node to the first freeze inhibit

control node after operation of the supply air fan 12 and'tTS mﬁé air
fan 13 during those five mnutes. In addition, the outside a e/Hor e

is continuously nonitored in the first operational 5 node, during which
time the control unit judges whether to return to the usual ventilation
operation based on the continuous state of the outside air tenperature
during 45 mnutes of operation of the supply air fan-12. Concretely, if
the outside air tenperature is higher than -8C for five mnutes or |onger
dur i ngredle ifthibit costrdlimaiieas eei fast fodez¢ mbitéigoptryl mode dfeen of@ation dfftie fupplyt

freeze inhibit control node, the control unit pronptly shifts fromthe
first apEar & it cxiRdet diofan 10 dulieg theswfiveraimiidsat i on oper ati on.

CHARACTERI STI CS OF THE HEAT EXCHANGER UNIT. In the heat exchanger unit 5 of
t he present enbodi ment, the control unit nonitors the outside air
tenperature detected by the tenperature sensor 51; as in the conventional -
art,. when Id&ddithe, desidde b eniperpee stoontmioaklysnduétorad in therfestaperatiomad | evel
(-10C), the control unit executes the first freeze inhibit control node,
wh ¢h niddb]j duiring wWhiteiime the@bnirblawitgadges xdhthage refuemerthe Al veatithtivhen t he
outside air tenperature falls below -15C, the control unit executes the
secondperhti@eRed odtheicontinmus sthterof de, ourdidcdir temperasitre dmghg/43 mhnukEsof fr eezi ng.
20 Specifically, in the first freeze inhibit control node, the first

oper abperatdn sithesipply fixauteCononttelyif thenuaside ait teripatatise Griligher then sippl y ai r
fan 12; in the second freeze inhibit control node, the second operational
nmode if@ flveativhied or ohgahiutiagps ranitkyoftupltation of the tsingply aip finyl 2ak theffamt 12 and
t he exhaust air fan 13. In the latter second operational node, because a
time s$eed ifhiBit controltngsle, e icemso! unit wrongdtlysbifls frdie tteuppl opemtiond mebdethaust ai r
are stopped, the tenperature of the 25 indoor space Sl rises and, when the
ethausdie wiil viestilatitisepspustinvinl y started, the conparatively warm

CHARACTERISTICS OF THE HEAT EXCHANGER UNIT .
In the heat exchanger unit 5 of the present embodiment, the control unit monitors the
outside air temperature detected by the temperature sensor 51; as in the conventional art, when
15  the outside air temperature falls below a predetermined Ievel (-10°C), the control unit executes
the first freeze inhibit control mode, which inhibits freezing of the heat exchahgc element 11;
and when the outside air temperature falls below -15°C, the control unit executes the second

freeze inhibit control mode, which more strongly inhibits freezing.

- 20 Specifically, in the first freeze inhibit control mode, the ﬁrst operational mode is
ékecuted, which temporarily halts only the supialy au' fan 12; in the second freeze inhibit control
mode, the second operational mode is executed, which temporarily halts both the supply air fan
12 and the exhaust air fan 13. In the latter second operational modé, because a tume span (60

. minutes) arises in which both the supply air and exhaust air are stopped,.the tempcrature of the

25 indoor space S rises and, when the exhaust air is subsequently started, the comparatively warm
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18 1 3 JUN 2005 return air RA passes through the heat exchange el enent 11,
effectively inhibiting freezing of . the heat exchange el enent 1.dyﬁi
these two differing operational nodes to effect freeze inhibﬂt Cd 0?885
increases the 5 degree that freezing of the heat exchange elenent 11 is -
i nhi bited; nanely, even if the outside air tenperature falls as far as the
tenperature (-15C) where freezing of the heat exchange elenent 11 is
insufficiently inhibited just by repetitively executing the first
operational node after the tenperature falls below -10C, the second
oper atdt@nair KB §assesthei it Uhekkabyx chingreshensnd 1 f regfeztvely inbibiithig! freeging obthenode.
Consequently, the heat exchanger unit 5 appropriately inhibits freezing of
10 t hgedieathafigshiames 1@l ement 11 even in cold-climte regi ons. SECOND
~EMBODI MENT To provide a significantly different degree of inhibiting
freezing of heat exchange elenent 11 between the first operational node in
the first freeze inhibit control node and the 15 second operational node in
the secondUking@E®e bW ififciing opéradnaldaes o cffba fabgydhibitcohtrdribadiseethe,  t he
first operational node tenporarily halts just the supply air fan 12,
Wher egsortdRatRE2nE of dReiicat sH@Ralgcaent ENRAHkIbitéd) nhdblyseventifthe betsiduppl y ai r
fan 12 and the exhaust air fan 13. However, a case is al so conceivabl e
wher eidmpepitpetdisng ranstthechPuaheaPes al) whercPergiod tiarieat elhddge cloemht
exchange elenment 11 and the ability of the air conditioner 20 to warmthe
i ndoon | sQiaaghiSkatly MBI HSIBPEshaitBal s ebuting|thsfsoostraipanbhodeudier thede s not
needed. In such a case, it is also possible to set the follow ng type of
first tdnienare ifally Yeldw ClonC[thé setonleopdsticharand: isferaers byrthe iconthietzeol  node.
-19 13 JUN 2005

inhibit control mode. Consequently, the heat exchanger unit 5 appropriately inhibits freezing of

10  the heat-exchange element 11 even in cold-climate regions.

SECOND EMBODIMENT
To provide a significantly different degree of inhibiting-freezing of heat exchange
clement 11 between the first operational mode in the first freeze inhibit control mode and the
15 - second operational mode in the second freeze inhibit control mode in the above first embodiment,
the first operational mode temporarily halts just the supply air fan 12, whereas the second

* operational mode temporarily halts both the supply air fan 12 and the exhaust air fan 13.

However, a case is also conceivable wherein, depending on the low-temperature
20  resistance of the heat exchange element 11 and the ability of the air conditioner 20 to warm the
indoor space SI, the abévemcntioned powerful second operational mode is not needed. In such a
case, it is also-possib'le to set the following type of first freeze inhibit control mode and s¢cond

freeze inhibit conirol mode.
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I n the second enbodi ment, just the supply air fan 12 is tenporarily stopped
for a predeterm ned percentage of tinme in the first freeze |nh| bit control
node and the second freeze inhibit control node. In other Word Urﬁzvqu
exhaust air fan 13 runs continuously in the first freeze inhi b|t cont

node as well as in the second freeze inhibit control node. Further, during
5 operation in the second freeze inhibit control node, the percentage of
time that the supply air fan 12 is halted is greater than during operation
inthe first freeze inhibit control node. For exanple, wth operation in
the first fi&ezecondeinbodimeot)jusothe SOSdy airfen H lseaaporailyisophéd farnut es of hal t
time and 45 mnutes of operation tinme for the supply air fan 12; in _
cont r psddetefiiinkd geroRagatof tmelin tHelf@rst Seee idthibir @@l inndd &id the s;wondfreemede, t he
allocation is 50 mnutes of halt time and 10 m nutes of 10 operation tine

for t héhilsitpgingl mote. TabthtRworlk] tRPEMBSREMaNT 3 kinstdoatimipavig e del fosieebefd r St
enbodi nent, the start and cancellation of the first freeze inhibit control

node ailibit bemtrpenoaclad welbzsein iththdeborid feesat irdlibitesherohmeds. Rigther, badied only on
the 15 tenperature detected by the tenperature sensor 51, which detects

t he oupautien iaithe teeombfratzt ihibih@nevbmodé, hiad pgresgae of tinetha lilscosupplyraircden t aki ng
into consideration the conditions of the tenperature detected by the .

t enpendtdhisted éngedterdRan duiing lbpdeti@cinstht fiest ifvc@dnhiba epetral ode. Forrextinpls, case,
the risk of freezing of the heat exchange el enment 11 can be nore accurately
est i matitchperafiek ime ifitst fleszi ihibit tontrol meodepibe afodative isyl Stminetdslo€ halt ame and
cancellation of the first freeze inhibit 20 control node and the second

f r eezand #hiniiutescdvpeatiomisle for theCulply MBOD2 MuNbnitise, dusiap opsratiangghe unit 6
according to one enbodi nent of the present invention, shown in FIG 4, is-
i nst akécedd freeze\istibit kartroh ghodelithalalbgation aninates of bali time med]0 amhitésof] | nked
to an air 25 conditioner or operated independently. In the heat exchange
amtl vepdraticai tirae forpier supplyrai fambzle, - 20

THIRD EMBODIMENT
In the abovementionedi first embodiment, the start and cancellation of the first freeze
'inhibiteontrol mede and the second freeze inhibit control mode are judged based only on the
15 -femperature detected by the temperature sensor 51, which detects the outside air temperature; |
however, that judgment may also be made taking into consideratien the conditions of the
temperature detected by the temperature sensor 52, which detects the indoor temperature. In this
case, the risk of ﬂeeziné of the heat exchange element 11 can be rﬁore accurately estimated,
making it possible to rﬁore appropriately time the start and cancellation of the first freeze inhibit
20  control mode and the second freeze inhibit control mode. |
FOURTH EMBODIMENT
The heat exchanger unit 6 according to one embodiment of the present invention, shown
in FIG.. 4, 1s installed for ventilating buildings and various facilities, and is linked to an air

25 conditioner or operated independently. In the heat exchange and ventilation operational mode,
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1- 3 JUN 2005 the heat exchanger unit 6 exchanges heat between the return
air RAfromthe indoor space SI and the exhaust air EA by fhe heat
exchange el enent 11, discharges the return air RAto the ou &OQHjﬁbE@QE SO
(exhaust air EA), and delivers the post-heat exchanged outside air QA Into
the indoor space SI as supply air SA. In addition to this type of heat
exchange and ventilation operational 5 node, the heat exchanger unit 6 can
al so performthe usual ordinary ventilation operation using the bypass
passage. CONSTI TUTION As shown in FIG 4, the heat exchanger unit 6 ,
Pr i NChRAchYexERIRE! @fis Sk chafdcl Bed Betidah Gk rethth APRIAUSGS 1R RURR!YaRid] ap@SSage

and an exhaust air passage; a heat exchange elenent 11 housed in the center

of thﬁleié}ﬁs‘ﬁ@apmﬁ}m(l@ﬁégteﬁ%h&anﬂ%e AebRAY diRiHarde@ he témrPilr RANBYRE oidlidorf 2N 13;

and a control unit (not s The constitution of the casing 10, the

heat exERRRUR.hEIRTAT Ind B8 1fe DAY ALfank@llokdde H OM fud B iRRRE a5 i1

the first enbodinent. Tn addition, although omtted fromF ; the heat .

- exchagges syl dapfiyia DL AGA0NI HichpOYRRICRATIEUR LiRtiatich disstloien

performng ordihary ventilation instead of heat exchange and  ventilation.
The byPRAsshPRSH Saaify uh#® RASREPE bR PASS BRtiddY eaﬁmfoha%p%a&mm%ange
element 20 11 are swtched by a danper (not shown). Furthernore, the heat
exchap@efimilinhssBed S €qui pped with two tenperature sensors 51, 52 for

j udgi ng %ﬁetﬁ%r %o perform heat exchange and ventilation, or ordinary

~ventilation; and a tenperature sensor 53 for judging whether to execute a

freeze inhibit control node discussed 25 |ater. The tenperature sensor 51
and t peyNeraarfioNe sensor 52 are arranged in the sane manner 21 1 3 JUN
2005 o

As shown in FIG. 4, the heat exchanger unit 6 principally comprises a casing 10, which
10  includes a supply air passage and an exhaust air passage; a heat exchange element 11 housed in
the center of the inside of the casing 10; a supply air fan 12; an exhaust air fan 13; and a control

unit (not shown).

The constitution of the casing 10, the heat exchange element 11, and the supply air fan 12

15 are the same as in the first embodiment.

In addition, although omitted from FIG. 4, the heat exchanger unit 6 is provided with a
bypass passage that is used when performing ordinary ventilation instead of heat exchange and
ventilation. The bypass passage and the passage that passes through the heat exchange element

20 11 are switched by a damper (not shown).

Furthermore, the heat exchanger unit 6 is equipped with two temperature sensors 51, 52
- for judging whether to perform heat exchange and ventilation, or ordinary ventilation; and a
temperature sensor 53 for judging whether to execute a freeze inhibit control mode discussed

25  later. The temperature sensor 51 and the temperature sensor 52 are arranged in the same manner
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as the first enbodinent. Furthernore, as shown in FIG 4, the tenperature
sensor 53 is provided to detect the tenperature of a portion 11 a of the
heat exchange el enent 11 on the downstream side of the eXh¢4§RJEWEZHUSM
and detects the tenperature of the exhaust air EA (hereinafter,” the ‘
exhaust air tenperature). Specifically, the tenperature sensor 53 is
arranged in the exhaust air 5 passage inside the casing 10 between the heat
exchange el enent 11 and the second outlet I Od CONTROL The control ‘unit of
t he heat exchanger unit 6 controls operation of the supply air fan 12 and

t he exdasirs@dnibddafent FRMSAELE s R&HPISFIG. K etht Banptel@etskldr SERYrbEdQf the
tenperature sensors 10 51, 52 and 53. NORVAL VENTI LATI ON CONT MODE The

cont r gh dbtétlihOferpBanhe 8t a FHEHRANULET HOhdat Ex M%BEIMISHertNe oRARSBIwERBIrh | at i on
control node in"the sane manner as the control unit of the heat exchanger

uni t Ridebrikiexhibls? hir SGRO S ®Acts thd BenlpREadE of td dRhdusEAMNFERQheMdBS, BRCaUSE

the control unit of the heat exchanger unit 6 inhibits freezing of the heat

exchangpagl aPRAlpetaturd)) sPectiﬁ&ugﬁhat&xt efttiire SEHEBES PsWkAnGRliR Sk hist bine
tenperature sensor 53 Ttalls e|0m16b, two differing freeze inhibit contro

nDges pRtRAseMmsiae HRLaHAP 0 BbtkdeR thelhRSt okOhMsbalétien®i I addeAP Sdcahdib@let Th®sE two
freeze inﬁibit control nodes are the first freeze inhibit control node and

the second freeze inhibit control node. The first freeze inhibit control

node inhibits freezing of the heat exchange elenment 11 if the exhaust air
t enper@ynTROfal | s below OC. In the first freeze inhibit control node, the
exhaust 25 air fan 13 is continuously operated, and the supply air fan 12

~is halted fe chiitolhuhit SF thbhe dxbhifigeinit ebntrol opetidh@Bthe supply air fan 12

and the exhaust air fan 13 based on factors like the detection results of the temperature sensors

10 51,52, and 53.

NORMAL VENTILATION CONTROL MODE
The control unit of the heat exchanger unit 6 executes the normal ventilation confrol
mode in the same manner as the control unit of the heat exchanger unit 5 in the first embodiment.
15 |
FREEZE INHIBIT CONTROL MODES
Because the control unit of the heat exchanger unit 6 inhibits freezing of the h;eai
exchange element 11 when the exhaust air temperature detected by the temperature sensor 53
falls below 0°C, two differing freeze inhibit control modes are executed depending on the
20 ¢xhau:§t air temperature. These two freeze inhibit control modes are the first freeze inhibit control

mode and the second freeze inhibit control mode.

The first freeze inhibit control mode inhibits freezing of the heat exchange element 11 if
the exhaust air temperature falls below 0°C. In the first frecze inhibit control mode, the exhaust

25 airfan 13 is continuously operated, and the supply air fan 12 1s halted for the first 15 minutes of '
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every 60 mnutes; this operation is perfornmed repetitively, and is

- hereinafter referred to as the first operational nbde. The second freeze
i nhibit control node inhibits freezing of the heat exchange él@ngQ}N ZU@@re
strongly than the fast freeze inhibit control node in cases where the '
exhaust air tenperature falls below -3C. In the second freeze inhibit
control node, the supply air fan 12 and the exhaust air fan 13 are
operated intermttently. To explain this nore concretely, in the second
freeze inhibit control node, the supply air fan 12 and the exhaust air fan

13 arg,, '62)%‘311&%& 38 opLFhfioh f?iserf&%d#gfeﬁtiga?aﬁfdi iQHeﬂe&aﬁ&?Ef%ﬁgﬁ% alfsgﬁe j ust

five mnutes; thi's operation 1S per med 10 repetitively,

hereiﬂﬁ&%ﬁ&aﬁ&%ﬁh&ﬁg to as the second operational node. The follow ng
expl ai ns how the operating conditions change when using the two freeze

inhibit control nodes. 15 During the usual ventilation operation (herein,
heat exchange and ventilation operation because the outside air

t ermper at ur Gyl Sedofitlceifiibf ENRIA A iHERR M cDhe R HUHAUS bl BRkA S t he

exhaust air tenperature; eftirst freeze inhibit cont de 1s executed

g’ggp aﬁ}gﬁ Wt g ﬁrét%f’&?é Mﬁt%géﬁél@d%%;&%eg Q?lfefléf}ﬁé EBVustiapt er mi ttent

e supply air ns Irst operational node).

operat! . ! : . ’
. &é.%gtgl% nf%r}]{ﬁ?vg gf(:am 0 gégoﬂ@ﬂ@%zeﬁﬁﬁbf?ém tnddbtht g@m} £h9 2iafd

continu I nc Ing the 15 m nutes when supply air fan

o I

heat e ange el enent ply air fan 12 1s halted in the

first qRpesahi ' Of t : ,
al | evi at ecﬁli’1 gg%aé%d%q?&ﬁggﬁ&w aif fan! 12%n0 %R xRNSR P3 ERRKed fbr 66
minutes, and then operation is restarted for just five minutes; this operation is performed

10 repetitively, and is hereinafter referred to as the second operational mode.

The following explains how the operating conditions change when using the two freeze

inhibit contro! modes.

1.’_’. _ During the usual ventilation operation (herein, heat exchange and ventilation operation
because the outside air temperatu;'e is low), the temperature sensor 53 continuously monitors'the
exhaust air temperature; the first freeze inhibit control mode is executed when the exﬁaust air
femperatllre falls below 0°C, Thereby, intermittent operation of just the supply air fan 12 begins
(first operational mode).

20

During the first operational ﬁlode, the exhaust air temperature is continuously monitored,
including the 15 minutes when the supply air fan 12 is halted. Because the cold outside air OA
~ does not pass through the heat exchange element 11 while the supply air fan 12 is halted in the
first operational mode, cooling of the heat exchange clement il is alleviated.

25
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However, if the exhaust air tenperature further decreases; it is

concei vabl e that freezing of the heat exchange elenent 11 c qgot be
inhibited in the first operational node. Therefore, when th mﬂéﬂ%QQ@ﬁ
tenperature falls below -3C, the control unit halts execution of the first
freeze inhibit control node and executes the second freeze inhibit control
node instead. The 5 shift fromthe first freeze inhibit control node to the
second freeze inhibit control node is forced, "even if the first
operational node is in progress. The second operational node repetitively
perfornms apoweh&, Flithd@hhish gir tddepesatiR! rtdrideéroibes; 18s ansbetvableakhidrstingi r f an
13 for 60 mnutes, and then operating themfor five mnutes. Thereby, 10
- becaugetheairhd dxohdn@B cleRehEt]l Afindthehibd 6o fiRktepesdtionblaho&) THereftk€s, the

i ndoor tenperature rises during this tinme. Consequently, when operation of

the exhry#e ahbust &R tehhelaturk Edlsdeldd.3°ChBe WBKTB] ubi A1V excitiohbfdhd A passes
t hrough the heat exchange elenent 11, thereby inhibiting freezing of the

heat gxehARKIBit@bewst Rods hnd Exbchie HEeeond fleckdmhiRcRAdoRedinieaRrITheode, the
exhaust air tenperature is nonitored by the tenperature sensor 53 during

the fishig fdm tHeSBrstWARAe InhebiSciRRbY mble B the béand EeaRdnkibR conthdusddeds fordedn 13
are operated. If the result of nonitoring the exhaust air tenperature in.

t he seﬁgmgmuﬁﬁﬁ&*ﬁﬁw@ﬂﬁnﬂegimp%@@@es that the exhaust air tenperature is
rising and that the exhaust air tenperature continues to be OC or greater

during five mnutes of nonitoring, the control unit shifts fromthe second
20, freeze inhibit control node to the first freeze inhibit control node

af ter oper ahé B@ohd6pcaiBhlmédd repétivelydepfoting § Sychxbftafiingathe spply disfahor t hose
five mnutes. In addition, the exhaust air tenperature is continuously

noni t ap afld theleikidhst diefahilB For 600REISds] AftictheBtRating Whidnd Goriieeiintiies e Heftdy,cONt 1 Ol
unit judges whether to retain to the usual 25 ventilation operation based

\(])EIJIO\I t 288@;@% Vet RLiSn Shahttondb hhlee! contimusilyaor 60 aifuedsathd igdodu tenip@raffre riges 1 3
during this time. Consequently, when operation of the exhaust air fan 13 is restarted, the warm
indoor retum:air RA passes through the heat exchange element 11, thereby inhibiting freezing of
the heat exchange element 11. Furthermore, in the second operational mode, the exhaust air

temperature is monitored by the temperature sensor 53 during the five minutes when the supply

15  air fan 12 and the exhaust air fan 13 are operated.

If the result of monitoring the exhaust air 'temberature in the second operational mode
indicates that the exhéust air temperature is rising and that the exhaust air temperaturé continues
to be 0°C or greatef during five minutes of monitoring, the control unit shifts from the second

20. freeze inhibit control mode to the first freeze inhibit control mode after operating the supply air

fan 12 and the exhaust air fan 13 for those five minutes.

In addition, the exhaust air temperature is continuously monitored during the first
operational mode, during which time the control unit judges whether to return to the usual

25  ventilation operation based on the continuous state of the exhaust air temperature during 45
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.and conparing that tenperature with a pre

m nutes of operation of the supply air fan 12. Concretely, if the exhaust
air tenperature is higher than 2C for five mnutes or |onger during the 45
m nut es of operation of the supply air fan 12 in the first Tfkqﬁ@ﬁjgnngit
control node, the control unit pronptly shifts fromthe first operational
node to the usual ventilation operation. 5 CHARACTERI STICS OF THE HEAT
EXCHANGER UNIT (1) Because the humdity of the indoor space Sl is
general |y higher than the outdoor space SO a freezing phenonenon occurs
at the elenent exhaust air downstreamportion 1la, as shown 10 in FIG 4,

Tt hgiRRES ofDHERBRDSE BE SN aif fan MDTERrENE tii dXBhiist 1 t@hpdriteressipighst ai r
passage and the exhaust air passage, freezes. In contrast, in the

CONV efiah 9P@ Fordive mihfigs b1daEE ﬂhﬁﬁ%ﬂiéMS\MlﬁﬁtB@éf opefutpaof deBupplgaittuoNBin hat
inhibit freezing of the heat exchange elenent 11 is nmade by detecting the

t enpefRtiardle MABitRUhesIdRodR, fhetcﬁﬁ&olmiﬁ&gﬁﬂy Mighirb ehSERPbperationalpassage
eterm ned | evel. Nevert hel ess,

beCaUﬁ%dgﬂﬁh@@ﬁﬁ@ﬁ&ﬁmﬂﬁhﬁﬁéﬁﬁbﬁ unable to 15 judge based only on the ,
outside air tenperature et her the heat exchange elenent 11 will freeze,

itsis therefore preferable to nake such judgnents based on the tenperature
of the elenent exhaust air downstream portion 11 a of the heat exchange

el emepH ARACTERETICS esreREeHsA T X CTRKNGERIDINET | nto consi deration, in the
heat exchanger uni-it 6 of the present enbodinent, a 20 tenperature sensor

53 ismewy provi ded, and the tenperature of the el enent exhaust air
downstream portion 11 a of the heat exchange elenent 11 is indirectly-

det ect ed bpedaise HeheGldignr def ndhiR shoRBR istenelip highbethex h@wstdoar spakA
(exhaust air tenperature) that passed through the elenent exhaust air
downsgoeametd prRRorheddh: occd® af thé efemboex2a( air downstream portion 11a, as shown
10 | in FIG. 4, if the heat exchange element 11, which forms a portion of the supply air passégc and
the exhaust air passage, freezes. In contrast, in the conventional art, the judgment about whether
to perform operations that inhibit ﬁeezing of the heat exchange element 11 is made by detecting
thé temperature of the outside air that passes through the supply air passage and comparing that
femperature with a predetermined level. Nevertheless, beéauée the conventional art is unable to
15  judge based only on the outside air temperatui"e whether the heat exchange element 11 will

freeze, it is therefbré preferable to make such judgments based on the temperature of the element

exhaust air downstream portion 11a of the heat exchange element 11, which freezes easily.

Taking this into consideration, in the heat exchanger unit 6 of the present embodiment, a
20  temperature sensor 53 is newly provided, and the temperature of the element exhaust air
downstream portion 11a of the heat exchaﬁge element 11 is indirectly detected by the detection
of the temperature of the exhaust air EA (exhaust air temperature) that passed through the

element exhaust air downstream portion 11a.
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Thereby, enabling the risk of freezing of the heat exchange elenent 11 to
be judged nore accurately reduces malfunctions |like switchin o]
operations that execute a freeze inhibit control node when ngﬂ§nééﬁédﬂﬂﬁﬁ
not executing a freeze inhibit control node despite the fact that the heat
exchange elenent 11 is freezing, thus enabling freezing. of the heat

~exchange elenent 11 to 5 be appropriately inhibited in cold-climte

regions. (2) In the heat exchanger unit 6 of the present enbodi nent, the
control unit nonitors the exhaust air tenperature detected by the

t enper at ur GhsRAS Fnaklhe MO $iRecEinp P He hRht extRARE ERIeNE! | hBefialdes nlgd ow a
predeterm ned level (0C), the control unit executes the first freeze

i nhi bigkazaBkeducBPASHuNRbENWiRhing 16 beRahidE iRk ekhatteRieze MbiANGRLS] enent

11; and when the exhaust air tenperature falls below -3C, the control unit

execut@sietdten 18EARMAcd ro?ﬁ@t%xle@ﬂin? inlfree N nhidlit JHREEE mod UcEhitd e BacSthaomel ¥
inhibits freezing. 15 Specifically, in the first freeze inhibit control

- node, Hehtexbhdngé ]gl@ﬂ%ﬁtaltli 19 RRLZiAD WusicBabl e SrieLg of MeiLeh dxEHEgE aleinkit abt's only

the supply air fan 12; in the second freeze Inhibit control node, the
segon@egﬂﬁbﬁﬁﬁ@@qﬁmymgﬁnhgkﬁaﬁﬁwgﬁgﬁomMﬂ ch tenporarily halts both the
an

supply air 12 and the exhaust air fan 13. In the latter second
oper ati onal node, because a tine span (60 mnutes) arises during which
both the supply air and exhaust air are stopped, the tenperature of 20 the
i ndoorzspace Sl rises and, when the exhaust air is subsequently started,
the conparatively warmreturn air RA passes through the heat exchange

el'ement 11 gkfhestd@inder bt dbftthdprebdn embbdimedt, i @nheanimclivngdeel enent
11. Using these two differing operational nodes to effect freeze inhibit

cont r @khduRCAiCRMPErahe detdredBEME CerhitRdtute sefsr 53; Wher! the eXiRatt adxehpagRre! enent
11 is inhibited; nanely, even if the exhaust air -26 1 3 JUN 2005
10 falls below a predetermined level (0°C), the control unit executes the first freeze inhibit control
mode, which inhibits freezing of the heat exchange element 11; and when the exhaust air

temperature falls below -3°C, the control unit executes the second freeze inhibit control mode,

which more strongly inhibits freezing.

15 ASpeciﬁcally, in the first freeze inhibit control mode, the first operational mode is
executed, which temporarily halts only the supply air fan 12; in the second freeze inhibit coﬁ‘;‘rol
mode, the second operational m&)de is executed, which temporarily halts both the supply air fan
12 and the exhaust air fan 13. In the latter second operational modé,»because a time span (60
minutes) arises during which both the supply air and exhaust air are stopped, the temperature of

20  the indoor space SI rises and, when the exhaust air is subseéquently started, the comparatively
-warm return air RA passes through the heat exchange element 11, efféctively inhibiting ﬁ'éezing

 of the heat exchange element 11.

Using these two differing operational modes to effect freeze inhibit control increases the

25  degree that freezing of the heat exchange element 11 is inhibited; namely, even if the exhaust air
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tenperature falls as far as the tenperature (-3C) where freezing of the
heat exchange elenent 11 is insufficiently inhibited by jus? %@E@i&ﬁﬁﬁ%y
executing the first operational node after the tenperature

t he second operational node is executed in the second freeze inhibit
control node. Consequently, the heat exchanger unit 6 appropriately
inhibits freezing of the heat 5 exchange el enent 11 even in cold-climate
regi ons. MODI FI ED EXAMPLE OF THE FOURTH EMBODI MENT | nstead of the
abovenentioned tenperature sensor 53 that detects the tenperature of the

ex haus‘% | Lol VBl f&?%tszﬁqhé an UG §"é5)or t i‘rg tﬁ% B3R BLchidee didmdrs 18] SO

possi b to use a t enper ture ectly detects t he

'égmnﬁgtﬁg&rrf{ﬁc%té}E&&ﬁ%&hgﬁﬁéuﬁﬁéﬁy% %5%%% ELD OF APPL?Q:AEI'IheO\I

Us bl
e Ofer) l%p SathRah11 51;9695%&1&'@&06@%9{]&5@35%% 1% gfeé‘,g{etﬂﬁtgﬂiﬁ shéb‘ﬁﬁ'ﬁée?élnﬁi%ﬁ es

the appr rlate I nhi’lbition o eat exchange el enent

even i, I [ e

i biep S i) CORES AT, ARt BEAHART ubll s SpRpHAED i RaES

fakls F&{ag%téa ttt e%x‘?]nco'l& ol %tﬁ?#‘y‘ﬁpr ovided with a second freeze inhibit
et is

contro execute e outside air tenperature falls bel ow
a second | evel. 20 -27 1 3 JUN 2005 CLAIMS 1. A heat exchanger unit
arranged betmeen an i ndoor space and an outdoor space, and that can

perfo ¢ MR NP: a heat exchange el ement;
a supp:y alr passage gﬁﬁ I's routeg Ia sa|g Eeat exchange el enent;

Instead of the abovementioned temperature sensor 53 that detects the temperature of the
exhaust air that passed through the heat exchange element 11, it is also possible to use a
10 temperature sensor that directly detects the temperature of the portion 11a of the heat exchange

element 11 on the downstream side of the exhaust air flow.

INDUSTRIAL FIELD OF APPLICATION
Use of the heat exchanger unit according to the present invention enables the appropriate
15 inhibition of the freezing of the heat exchange element even in cold-climate regions because, in
o addition to the first freeze inhibit control mode that is executed when the outside air temperature
falls below a first level, it is newly provided with a second freeze inhibit control mode that is

executed when the outside air temperature falls below-a second level.
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“an exhaust air passage that is routed via said heat exchange el enent; a
tenperature sensor that detects the outside air tenperature, which is the
air tenperature of said outdoor space; and a control unit th 8
first freeze inhibit control node that inhibits freezing of ?algg"ﬁggjt 2[}@
exchange elenent if said outside air tenperature falls below a first |evel,
and that executes a second freeze inhibit control node that inhibits
freezing of said heat exchange elenent nore strongly than said first
freeze inhibit control node, if said outside air tenperature falls below a
second | &4eAIM§hich is lower than said first level. 2. The heat exchanger
unit according to Claiml, further conprising: a supply air fan
incorporated in said supply air passage; and an exhaust air fan

i ncorporated iln saiAlh&xbahahgaruhit RAasGASetVRARA IR0SAsFhcE Uhtifaaloutddot
intermttently erates said supply air_ fan in said first freeze inhibit
cont r ol ﬂ&ﬁgahqap@ﬁmmnb‘iﬁp}yc}@p@ Hdeenyltian<opPIyngi r fan in said
second freeze al node with a percentage of halt tine greater
t han that of Hﬁgger‘%@&tm %?ﬁ(})‘%gl{”atl on in said first freeze inhibit control
node. 3. The heapplgxtipasges thamstroﬁed:Oradaﬁﬂg"lehoexehmgme&,mGMEr ein said control

unit further perforns .intermittent oper,atl xhaust air fan in
sai d second fPBESRAUSHHT paspagedhat ipToutrdde %@X%’éﬂgeé%‘ﬁ%thger uni t

according Lo GhaifRrdurd i ShaCRARS Bt Bgts1deaa UM G dtgiRer porated in

said supply air passage; and an exhaust air ncorporated in said
exhaust #&mpgratssageaidwiietoet spacg8ndd 3 JUN 2005 said control unit

intermttent| ¥1 cofl) erle}}nﬁ:sthgt%lxgcu elé%piji%t ﬁ"flzerze flrﬁ’lnblt con al r(i!lo];lel:: % Jhlblt%zngeeizirr]lg io? It
| said heat exchange element if said outside air temperature falls below a first level, and that
executes a second freeze inhibit control mode that inhibits freezing of said heat exchange
element more strongly than said first freeze inhibit control mode, if said outside air

temperature falls below a second level, which is lower than said first level.

2. The heat exchanger unit according to Claim 1, further comprising:

a supply air fan incorporated in said supply air passage; and

an exhaust air fan incorporated in said exhaust air passage; wherein

said control unit intermittently operates said supply air fan in said first freeze inhibit
control mode, and intermittently operates said supply air fan in said second freeze inhibit
control mode with a percentage of halt time greater than that of intermittent operation in said

first freeze inhibit control mode.

3. The heat exchanger unit according to Claim 2, wherein
said control unit further performs intermittent operation of said exhaust air fan in

‘said second freeze inhibit control mode.
4, The heat exchanger unit according to Claim 1, further comprising:

a supply air fan incorporated in said supply air passage; and

an exhaust air fan incorporated in said exhaust air passage; wherein
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control node, and intermttently operates said supply air fan and said
exhaust air fan in said second freeze inhibit control nobde. 5. The heat

exchanger unit according to any one claimof dains 2 througih u}&\%mﬁ
conprising: a casing that houses said heat exchange el enent, gnJ

first inlet and a second outlet on the outdoor space side, and a second
inlet and a first outlet on the indoor space side; wherein said supply air
passage extends in said casing fromsaid first inlet to said second inlet
via sai d heat exchange el enment; said exhaust air passage extends in said
casing from s&ié Cﬂ*m{gﬂmﬁmtﬁl@tlﬁﬁlﬁlme@ﬁt%&ﬂpphwﬂ%11 lmsaldsﬁiﬁtcﬁmtﬂh@kfc hange

of “sai o' SO AP, HTTRERAAAGY BORRH 4R o AR AR MR R R B . ™

exchangeﬁax&@&donﬁﬁ@@@@ﬁhibh@bm@lnn@dbe i ndoor space and the out door space,
and that can perform heat exchange and ventilation, conprising: a heat
exchange el enent; a supply air passage for supplying air, and that is

routed via sakd hegfl ﬁéﬁ Qf&ﬂﬁ%er%g%&dn%ntgeaﬁg%#é Llafth of PASHE

exhausting air, I's routed via s exchange ?enen
tenperatﬁnﬁmsannpmmﬂgw detecting the tenperature of a portion of sald heat
exchange el enent . on downsHjeam si de of the e(i< aust ir flow . and a

control unit tFA&ENEhat %S&Saal patiexehangs glemapt gnd having 2 Grst ideteatd i ch

i nhi bi t sedchg@ehtd onthe S@dot'§RLe %i%hﬁﬂgaﬁse@érﬁﬁ'ﬁf& ahd a HRE ohBIP&T Bk Wdeor
detected by said tenperature "sensor fall

space side; wherein

said supply air passage extends in said casing from said first inlet to said second
inlet via said heat exchange element;

said exhaust air passage extends in said casing from said first outlet to said second
outlet via said heat exchange element; and

said temperature sensor is arranged between said first inlet of said supply air

passage and said heat exchange element.

6. A heat exchanger unit arranged between the indoor space and the outdoor
space, and that can perform heat exchange and ventilation, comprising:

a heat exchange element;

a supply air passage for supplying air, and that is routed via said heat exchange
element;

an exhaust air passage for exhausting air, and that is routed via said heat exchange
element;

a temperature sensor for detecting the temperature of a portion of said heat
exchange element on the downstream side of the exhaust air flow; and

a control unit that executes a first freeze inhibit control mode, which inhibits freezing
of said heat exchange element if the temperature detected by said temperature sensor falls
below a first level; and that executes a second freeze inhibit control mode, which inhibits

freezing of said heat exchange element more strongly than said first freeze inhibit control
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below a first level; and that executes a second freeze inhibit control

node, which inhibits freezing of said heat exchange elenent nore strongly
than said first freeze inhibit control 29 13 JUAN 2005 L”é& @@5

~ tenperature detected by said tenperature sensor falls beIOM/a o | eve
which is lower than said first level. 7. The heat exchanger unit accordlng
to daim6, wherein said tenperature sensor detects the tenperature of the
exhaust air in said exhaust air passage on the exhaust air flow downstream
side of said heat exchange el ement. 30 ABSTRACT The present invention
provi des Mpdrdhthedsmparages delested pyaid tapeiTe appob frllehedey aispenngilevelf r eezi ng
of a heat, ﬂngg even in cold-climate regi ons. The heat
exchanger 3%&? fﬁh ofﬁéﬂﬁéat exchange and ventil ati on between an

i ndoor space (SI) and an outdoor space (SO, and is therefore provided wth

a heat exchan el t (11), a supply air hat is routed via the
heat exchange eIen&ﬂeﬂ?4f}émﬁﬂaéﬁﬁaﬂ§Pﬂ%?$cﬂg@ geW'WEFlls routed via the
heat —exchangg,g k&g@p&m&%ﬁ or U EINGE FollicPariRNF e (st o sd EQMALONir uni L
The tenperature sensor (51 detects the outsi alr_ tenperature.

cont rol padstgexctbeesuat i flst dowastzeam sitle bf gaidheut emhangmldemnnt a s econd
freeze inhibit control node. The first freeze inhibit control nbde inhibits
freezing of the heat exchange elenment (11) if the outside air tenperature
falls below a first level. The second freeze inhibit control. node, which
inhibits freezing nore strongly than the first freeze inhibit control
node, inhibits freezing of the heat exchange elenent (11) if the outside
air tenperature falls below a second | evel (which is |ower than the first
| evel ). :
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ABSTRACT

The present invention provides a heat exchanger unit (5) that can appropriately inhibit

freezing of a heat exchange element (11), even in cold-climate regions. The heat exchanger unit

(5) performs heat exchange and ventilation between an indoor space (SI) and an outdoor space
| (SO), and is therefore provided with a heat exchange element (11), a supply air passage that is

- routed via the heat exchange element (11), an exhaust air passage that is routed via the heat

exchange element (11), a temperature sensor (51), and a control unit. The temperature éensor
(51) detects the outside air telﬁperahue. The control unit executes a first freeze inhibit control
mode and a second freeze inhibit control mode. The first freeze inﬁibit control mode inhibits
freezing of the heat exchange element (11) if the outside air temperature falls below a first level.
The second freeze inhibit control mode, which inhibits freezing more strongly than the first
freeze inhibit control mode, inhibits freezing of the heat exchange element (11) if the outside air

temperature falls below a second level (which is lower than the first level).
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