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
~heat axaigadbewveomart induatspagemdneautdoot sppens t he 26C return air RA and the

: 32C outside air OA

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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b‘y the heat exchange el ement 11, operates the supply air fan 12, inserts

- the 27.4C supply air SA into the indoor space -Sl, operates the exhaust air

fan 13, and di scharges the 30.6C exhaust air EA into the at p
(outdoor space SO). Thereby, the operation duty cycle of thefgfmgNGZUUS
conditioner 20 decreases, and energy consunption can be reduced. However,
t he heat exchanger unit 5 does not always exchange heat; rather, in cases
where not exchanging heat would save energy, such as when perform ng
cool i ng when the indoor space Sl air tenperature is higher than the
out dodicatspelmgSQnit eaxchagpclicat beteedrhihe @690afktien air Rreandiit 32 Wemiidaair OA
tenperature”), the heat exchanger unit 5 can performordinary ventilation,
~wher eiby thelient eehaige eldnsent bk epeiateswhd dupplly atah anghsegts el 7.4°6l supslvgh S t t ed
fromFIG 1, the heat exchanger unit 5 is provided with a bypass passage
t hat iistouiseiddodrapaco LS aperdtesghoextiangtrajr fne I3, iahd disohargétghe30160f exhpest fior mi ng
heat exchange and ventilation. A danper (not shown) sw tches between the
bypasEA prsthagenaspblert hautgas spae SKHaThapetssths opbmationgButl beclbepthe axchange
el enent 11. 15 In addition, the heat exchanger unit 5 is equipped with two
t efipercabditiencs 80 derrsasbd and endrgy consudgtiong-anetréthiced.0 per f or m heat exchange
and ventilation, or ordinary ventilation. As showmn in FIG 2, the
tenperature sensor 51 is arranged at a |location where it can detect the -
tenperature of the return air RA before it passes through the heat
exchange elHewewtr, tht heat.eachanpbreunitntidozs n@alwhwngxehaied heat; dathes ddtdseowhert he
tenperature sensor 52 is arranged at a |location where it can detect the
t enpemat exchangingtheet waild sale aergy(hiches ehen pdrfopatpaotity whghtht helobesiace
exchange elenent 11, i.e., the outside air tenperature. As an exanpl e of
t he spéair tampetaten s lnfhdritnhibatutdsetspngetO ainitdmssatdesbercinefierathe Veutsiihe 25
outside air tenperature specification is set to a range of -10 - 40C.
Fl9 t heir femperatinfe!)s thetheat dxebanger @iZ5 SmjigoRn 0bdiney ehatilgtem, wherein aitsideesdr i N an
envi ronment where the outside air tenperature falls bel ow

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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10C, condensed water may freeze at the heat exchange elenent. In addition,

dew condensation may forminside the unit. To inhibit freezig%bof %E% heat
exchange el enent in this nmanner, when the outside air tenperat néU Mﬁﬁ§
bel ow a predeterm ned level (e.g., )-1 0 C, conventional heat exchanger
units executed an intermttent operation control node by intermttently
stopping the supply air fan and running with just the exhaust air. Wen
operating with just the exhaust air, only the return air discharged from
t he i ndoor space tq the outdoqgr space would flow to the heat exchange
el enent , SSHENEH LS Bscddn an gevimmenwhere tampyiside o temmperaie falbdbelegpal d f or

the . MOSYoRAkbndsl AOREF nBI TRk Ml DDA GICRANARIBLETRY! - Bocause

t he i ndoor tenperature 1S maintain I'at1 vel 't enper at ure when
t he out sicdmleasationengyefoah imsidef the isit.bel ow - 10C, the heat fromthe return air
woul d be stored in the heat exchange el enent when running with just the
exhaust air, thereby relieving the condition in which the heat exchange

el ement was alguhnibR fEARE 6f BE Bedt Rx LR g0 HicReHBInAhis mATBWEYREN tHeDutside air
cold-climte regions where the cold s severe, it is also conceivable that,

af t er f aldnipegatiesi follbelodQ predeteroninsi ideel 4¢.., t KR catvantoed beat ckelidngéur t her to
-15to -20C. In uch an.environment, i not be sible to conpletely
nhi bt FPEgRued B B obgRiRR oL e R T B DaReths e SPRY veq
i nterm t hefin Siefahing WiGGoitRd cxXiRee anhWheh b eraﬁﬁ%ﬁﬁféﬁli#ﬂ% ckBilsp ai?%rﬁ\/’ a

| S ENTI ON

predeterm ned | evel, as is done conventionally. OSURE OF THE |
An obj ecthergtprpair discharesd Wemdhaiadeorspeatedn dha owldoar spargtwaddhilaw e Sisrlicat el y

i nhi bit ' heat change, e] enent e i | d- el L mat e
regi ons. AL ARmEl R SR STEERT €lerR R b e d0 o BB E s et
i nvent i omost et 8o lopg@ravd Weshgh thdaiat exhef@ahe! B&RgRAhS BidOBERMPBrahire 00T
space and an outdoor space, and can perform heat
1s 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.



exchange and ventilation. The heat exchanger unit conprises: a heat
exchange elenent; a supply air passage that is routed via the heat
exchange el enent; an exhaust air passage that is routed viajgze Eﬁ$?805
exchange el enent; a tenperature sensor that detects the outsi 4
tenperature, which is the air tenperature of the outdoor space; and a
control unit that executes a first freeze inhibit control node that
inhibits freezing of the heat exchange elenent if the outside tenperature
falls below a first |eve], and thatggxecutes,a second freeze . inhibit

control nodet FatcoPHies YEb p Hgd 25Re5t of the peesptdnvealiemdifge iomengad 2 bete
strongl yetdh@foer %ﬁ‘aﬁgécd' Heﬁ*reefnraﬁ‘?%(gm'r l@g’:{/cgiahe\%? ?:E{d?ér %ﬁg&? and {gl%nt rﬁb?ﬁ)%t}éhtd e ar

tenperature falls bélow a seco ower t e first
| evel . Agexchaege dvd veopilatioe dherheat dxobanget dabcompaes dleat ehingeemapace vi a

t he suppl i r. passage,. an Ir be discharged fromthe indoor_ space to
the out GBUPTSHERBoHyis vl e Hept Srs g G S ush G ESEET WET <uppl
ai r passpdsudfdiathe hext RAMEheALIEMRAS 8 3BpMitfire PRI KR ULEHs Vicbuifige fipat

exchange el enent, heat is exchanged between the supply air and the exhaust

ai r in tisepeeiurecxbich pyibe eirderaparaturapiithe pnidoer, sphoy;, arkanpitm] unitéhat ont r ol

uni t nonj tside.air erature. ..detect.ed he t erature
sensor; %%E%pﬁs%E@St%ﬁ\zleelr?ﬁbgtncé)fl&%?d%\ﬁ%k%% itﬁc%z’% ?P%S&?ﬁ%reéfed%ge falls

bel ow a gemdeti€iid dveidd ©n@bralire Fls HeRMeh first 14181, hhd Gat EXcBeEa bR iffeeeONt T OI
node is _executed, wherein freezing of the heat exchange elenent is

 nhi bi t etphibirenimbmodefbativhibiteieezang ofithabent stehanes lfnsiisabrowiopely $usond
contr ol e ot hptcsBReditfods Ihe bENRLaAFRARERIAI AT SRetl

f r eezi nglevélgwhiciiniwer tahttes fitshievelenperature falls below the first |eve

in a cold-climate region, even if the outside air tenperature
unfortunately falls further to the tenperature at which freezing of the

heat exchangea§! BIFEL 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



woul d be insufficiently inhibited (second level) with just the first freeze
inhibit control node, when the outside air tenperature falls ﬂe@ !\@eﬁaaﬁ
second | evel the second freeze inhibit control node is executed, i HC
strengthens the effect of inhibiting freezing of the heat exchange
element. Inthis manner, in addition to the first freeze inhibit control
node that executes when the outside air tenperature falls below the first

| evel, a second freeze inhibit control node has been new y provided that

execut es.when t ide air t ture falls. below the second | veI
consequehgtff’%‘/“’u ?‘n iiﬂa%’reegt#?@aky 1 ﬁﬁ%ﬁm% ,%cpongiggpmage{ %‘eé‘%ﬁﬁ’fb’m"é
i nhi bit pineast Ak fivelhie J&?@Enﬁé&: '}@@gﬁ SLETRIE o YaL aftrrﬂerlf]ﬂéer gufd 1 mate

regions. In one enbodi nent eéxchanger unit conprises a
suppl y almfoﬁanatellyrfd&ﬂﬁudhattedﬂw mlmhmtwra pp*bvhlchrfneepag sfihe heanekchangeelement ai r

fan incor t air e. FEurthe th uni t

i nt er ni ti"g’H[dla?F %ﬁ%ﬁ?‘i}gy Fﬁ@l@abﬁﬂ}“‘h &7 STt et ﬁ%%zefﬁa@gé"mfﬂhml bit
control fRde, witgh th@oltbde SR GQAFerhiuREREs bABWRAE s&:eﬂa [t thBdEcond hReRET CeNt age
of halt time duri ng intermttent operation in the second freeze inhibit

control bt gantigl maders exheried, mthich sieenigthgns the @ffmttqf anttibitipg frzeiiogof thet he

first fr ntrol node. Herein, the supply air fan nay be
intermt a%%%/ﬂg%%lg?%gt by tenporarily stoppi ng the fan for a

predet erm ned percentage of tinme in the first freeze inhibit control node

and the second freeze inhibit control node. While the supply air fan is
stopped, the Suipjsinpanier, i edfition kb Sinst freaseiabibit cantfolfm@d@thbyemh@ewmst

25 570 HeDBhEh Rtk BRIMRIGR ile o Qkold el HHROH GRRTFHoBBCE°S
no | ongehagimss aswlyprovigéd thacexdoniat whee Hengeidd ﬁmmperaﬁﬁedﬂtb Wlphw thet he heat

exchange el e cﬂEnt stores heat when the supply air fan stops; when the
suppl y afsconhifvelk rnsequestly, the gwamgle b eaehqua?r it i5 gbls te apRroPH el Al of

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



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 node executed when the outside air tenperatgg)re ‘lﬂ"\g%mﬁ ow
t he second |l evel, which is lower than the first level, the ceht age of
time that the supply air fan is stopped is greater than that of
intermttent operation in the first freeze inhibit control node.
Consequently, even if there is an increased risk of the outside air
tenperatuyre falling bel ow the seco | evel and the heat exchange el enent
freezi ng?hff"r‘@ea'%ff h@fﬂﬂglmge w%ﬁ%fﬂ&‘ﬁgelde%ﬁé%ﬂw IMESEPISH (BROPBA e ause
the tinmey i j L ir
I A e S
enmbodi memwir fart $iepss wien dhe wpply dinandeshayseait dowsbyi the ectivint dfdnoth fbpg fakiiog obf

the exhaust, air fan in the second f ze, inhihit. control node. Herein, in
the seco ‘FP%%%&“?%W?%WH%CWE&COH{?EE’? eq“h?‘g? giteidnty tion of the
exhaust air fan nmay be performed in addition to intermttent operation of

the supply air fan. In other words, in the second freeze inhibit control
node, there i Eughermese, sgnntevaiitebbererative in shemskyndafrecze anhibihcontiob modhaust

per 1 or med pranRih o ehel AR ESho MRS R R e PO ATV E, Bien i B g nPs

time spérfirktfievdlahppertatage off tihhat e @OEpl$ BREEN IsiskpPed T i#Satetarbthaped ng
t he supply air and exhaust air, and raising the tenperature 6 1 3 JUN 2005

of the | HHgBHtYY gperation Buthe fHgst dreezaiahib soneRlonaday Eoaseanently. pyen iffiert sed by

t he subs e j LIl ed and

| st °t ne iR becd i the Biking S ARSIl ok, SURE NS Lt GEBRRSC 200

i nt o t heexdhdonge elapantdidehing) féezinggdphelicay exdhangdelemattanl] betitiibesdbattgsel 1 om

rising; onseq.uenﬁjl y,. the enhanced effect of inhibiting freezing may not be
e time'in which the heat exchange element 1s 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



obt ai ned as when both the supply air and exhaust air are stopped. In this
manner, because it is possible to create a condition in the egoud fgﬁﬁf?
inhibit control node wherein both the supply air and exhaust 4i Lﬁ“
tenporarily stopped, which has a strong effect in inhibiting freezing of

t he heat exchange el enent, 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

passage; and an exhaust air fan jncorporated in the exhaust air passage.
Fur t her mo &1e ingieor sBsner Brezing of thelnesi prehengn slymepds hibited by thasWbpsAvERt fan in
t he firs%mh%ﬁpgze inhibit control node, and intermttently operates the
supply air fan and the exhaust air fan in the second freeze inhibit

control node. Herein, only the supply air fan may be intermttently
oper at ed when _{ he out si. air tenperatyre falls belowthe first |evel
(first freeze ﬁtUHﬁ?lmqf%gﬁf«‘ PEIPLy @ &) stopisd a6 dust theexbnspaiy flowsrenfrypfahey ¢ he
exhaust @idsideah t i ] t | e
Femper at o e O e e b g e b S lliogt o
node) . Béuspsaue fromeissgacoraejusesy, thoetthecsedtactiof inkibtmgi frdezinigtmayantt be
node in jch both the,s | y,ai.r and.the exhaust air are stopped, the 7
13 JUN Zgg mefié’ﬁﬁvg‘lﬁﬁttt]’ﬂ@etgg&fﬁ?'ea‘f ?I‘Hg%xrhagﬁé‘gém? FIRREA- and freezing of the
heat exchange el ement is effectively inhibited by the conparatively warm
return air passing through the heat exchange el enent when the exhaust air
subsequent | y fin Susmangerdreseuseit ie pbssihlertnereate heondition intbh sevged figaiea inhibitt her

conpri se asing.. The in as a finst inlet and a.second outlet on
Che out ageR-d MR vafidhe Melliinfd b ff £° «ffooRg SRR Sttt

i ndoor spagéngteflet id Mhibiihid fr@Ringldfeh SRt BLhaRLS@smEMEf &0tz DIEOROE

el ement. The supply air passage extends in the casing fromthe first inlet
to the s&rehsges 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



via the heat exchange el enent. The exhaust air passage extends in the
casing fromthe first outlet to the second outlet via the heat exchange

el enent. Furthernore, the tenperature sensor is arranged beﬂwéegﬂjmezgmgst
inlet of the supply air passage and the heat exchange elenent. Herein,
because a tenperature sensor nmay be provided in the supply air passage, in
particul ar between the first inlet on the outdoor space side and the heat
exchange el enent, the tenperature sensor can be made to detect the outside
air tenperature. In accordance with a second aspect of the present

i nvent i ofSMRGEAPE q éhepméwéwea‘l%epd fr@%ﬁ&ﬁﬁ@ﬁ hgafiorchanga glgarnbist ween t he

I ndoor s I%ﬁ‘éal& nhfﬁ?[e@g}rr 42% ﬁ%ei ey {a%fsﬂl‘g tﬁ%ﬁf;h fitqlagnge and
ventil ation, nprisin a he exchange el enme a-suppfy air passage for
suppl yi ngxdlange elanietthetenitbe epmahﬁdmﬂuhsdqhmt})emiwsexc hange el ement; an exhaust
air passage for exhausting air, and that is routed via the heat exchange
el enment; a tenperature sensor for detecting the tenperature of a portion
of the heat exchaG® oflbeaRR: e ﬁé&?eﬂ%ﬁ%&hﬁﬁ@ﬁxﬁieﬁ@om eyaecaﬁﬁgaﬂfet air
flow, and a control unit that 8 1 3 JUN 2005 executes a first freeze

i nhi bit cawg ks anfodiepletmdhsdenid titiet of tleemitdugpr space kelehesl a sxanhinde andh enent

if the t erature, det.ect ed erature sensor, fal elow a first
evel s aNi ou e PSG Bt L st O (% BaTEPSF Tt XA | nini bi 1 s
freezi ngeRinehhanb pl?%l? Pange: e}@érﬂmﬂle'mﬁﬁ% ﬁbﬁﬁ:ﬂghi/st hharto tﬂhbeset:bﬂ@fmeft reeze
inhibit control node, if the tenperature detected by t tenperature

sensor f aid the hedt evghangeeement] Eheexhavstiaitpapsagt oxierdstindre Qaﬁmgffmﬂs thel faste| .

Because i t.he [,ndoor ace the
ooy bt BedelohaRhkd iy GRS cSRAGE ol SndIE B Reimorth e fimpter s’ e
exchange sélseine atrafged beveet e st B0 tdGuphlytaliasospatied thainkatldxeMarigbhe

portion nearer to the outdoor space having a low air tenperature) if the
heat excKAW¥BLel ement, which forms a portion of the supply air

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



passage and the exhaust air passage, freezes. In contrast, in the

conventional art, the judgnent about whether to perform ope i t
inhibit freezing of the heat exchange elenent is made by deggtfgym

tenperature of the outside air that passes through the supply air passage
and conparing that tenperature to a predeterm ned | evel. Neverthel ess,
because the conventional art is unable to judge based only on the outside
air tenperature whether the heat exchange elenment will freeze, it is

t herefore preferable tolgﬁée such he tenperat ure of

) judgnent s._based .on
the por t CBYFUEE &HE HReae bkt hepnge! EolhaRoRbbe Dedguaet e RRISKENGE { he
exhaust @jdmeht F¥he ﬂem?grr?tl.{rg 8etRAEd bY &ettgﬁéerﬁﬁ@s%ﬁ%@' f%l'isel?&@w %Qﬁ%}ll el; @Y1 N9

this into considerat , a tenperature Sensor e arrange ereln in
order t exehtesatsetdrd freeppahiticoatrol mbte whicht inbibite fretding bfthe heatchampgee

el enent on the downstrea ide of the,exhaust, air flow Accordi,ngl

Cathor t REMSEHEORAORED, @m@e%é%ﬁ?ﬁea%ﬂehﬁwm@mﬁragé ¢ foperqag d5Ectl oo ng
of the hegihexmbantfe StRIERIs BASHD QRoddNEVUBILE S 1Blver thhf IREHALIN S, the
risk of freezing 9 1 3 JUN 2005 of the heat exchange el enment can be judged

based on the tenperature of the portion of the heat exchange el enent on the

downstream side of the exhaust air flow i.e. he. portion th IS
expect e to-f Fedse IRhuE AR Shng iidopr ¥y tcbaprahy BiaBFl g heioflopg ifce
exchange adieesiBg phéronkRoh YeERsatThE fortiof 6BihatheAtextRansb cReniAnHEthe! educes

mal functions |Ii1ke switching to freeze inhibit operation when not needed,

or not stawpytregnyfsideoidhe priagstaifley ghe pertion neagetol the pwdeorspate vingmde)

despite ] I s f in h nabl i ng
frobai g af o Abnekitfito 11s ERL- GHAREOBRCS, BRRN sl d (HAGh DBme kilily B°P
col d- cl i padsege agithaexhabstrdiersige Sfredzed. res@nmkiein thbeow@niiol atthe herein

nonitors. the tenperature detected bg t he t_errgigrature sensor; when that
det ect edi4dgmsat ahoyt whether te psEpBR cperaiesdha infbié fepangef 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



(first level), the first freeze inhibit control node is executed, wherein
freezing of the heat exchange elenent is inhibited; and when L?E Eﬁﬂﬁgzﬁﬁp
tenperature falls below the second I|evel, which is |ower than e Y J
| evel , the second freeze inhibit control node is executed, which nore
strongly inhibits freezing. Accordingly, after the tenperature falls bel ow
the first level in a cold-climte region, even if the tenperature of the
portion of the heat exchange el enment on the downstream si de of the exhaust
air flowuynfortunately falls as far s the tenperature (second |evel) at
whi ch fr'QE%eg’ﬁa %@%eﬁ eng cayhedydesd) n the tempragrg ofjtagperfion ﬁﬁihﬁi ted
wth jus I FARAN s THa e
falls be?lg%/tvtétﬁ?lﬁedngi%lg%ﬁfeveb%? hgé%egggﬁ%é ?‘tﬂelgggﬁfursl | |?&Q?Httfrl§?aﬁ%§?% S
execut edis exipedbd tosfreezndirdtens the effect of inhibiting the freezing 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

tenperature seasilingftad lisk HekOWi thd Keat ek @MBLe c18mERTHBE judbbERBHE: | Nhi bi t
control node may be provided that executes when the detected tenperature

falls bekemrately i diomdnng ragdi@egiohl f@etions bkeswitdharstodtesnt inribit dperatioes ent

h i . i |-y, 1 nhi bj. i .0f th h
exchange “IPERR eR P P BB b oo Sgalitn (1L iRtiCortbmaiiont  tne

t enper at despits ansfatt tHattBe héat Rehah grEIemattus Gedfing, Rus &éllilﬁigsﬁee%intrg dffihé gt
exhaust air passage on_ the exhaust air flow downstream side of the heat

exchange c¥hapgslemegtite bp appreprately ishibisedriarceldrelanate segionsnay provi ded t hat
detects the tenperature of the exhaust air at the portion of the heat
exchange el enent on the downstream side of the exhaust air flow, the

t enper at ur e oFultthempes, forasxamible the doardl wxicheaeif endiitenené tepipetdhere ddzvsedt r eam

side of {)}b ﬁ'leeténqggrg%urg ;eliisgij; gvvﬁeg?h%? getg(ﬁgéj {e?ép%Lgm%ef'gllljscb%?dw 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



BRI EF EXPLANATI ON OF DRAWNGS FIG | is a general |ayout draw ng of the

heat exchanger unit. FIG 2 is a schematic drawing of the co It Ut A
t he heat exchanger unit. FIG 3 shows the operation status g?tgt h@h@gg@g

exchanger unit with respect to the outside air tenperature. FIG 4 is a
schematic drawi ng of the constitution of the heat exchanger unit according
to the fourth enbodi nent. PREFERRED EMBODI MENTS FI RST EMBODI MENT The heat
exchanger unit 5 according to one enbodi nent of the present invention is

| i nked t an air conditioner 20 or_ operates independently, and. is

install e veh copsearently. theprosraitheat rehingenyat sanrnpsrigiely mhif fregzing ofgle shown

in FIG ileatteﬁghaﬁﬁételeﬁféﬁpéﬁﬁﬁ{cdl@-iciirn;éteal%gﬁ-lgi ng to the present 11 1 3 JUN

2005 enbodinent “Is installed 1 n places e above the ceiling of an indoor
space Sl that is to be ventilated inside a building, and the duct 31 |inks

the indoor space Sl to.the outdoor space SO oqutside the building. The heat
exchanger uni ?n an ﬁHW@g’glqﬁ‘gé& ﬁ?@%ﬂﬁ%&‘ﬁeﬁﬁ@‘)? FEFH it?m?ﬁaW%‘i‘#tp‘g he i ndoor
space Sl cmfhst HLINAHE StiABstBhr pagh¥n tiEedhaal s HRRIPNGEnsEEeSIRMe oFtne KHapChar ges

the 5 return air RA to the outdoor space SO (exhaust air EA), and then

del i ver s exdwenghelamerixchanged outside air OA into the indoor space Sl as
supply air SA In addition to this type of heat exchange and ventilation
operation, the heat exchanger unit 5 can also performthe usual ordinary

ventilation opefe,itRBaRY atihptgatrd RS AT vided thhPdebdthi TaklphtuAsofs hown

in FIG 2, the heat exchanger unit 5 principally conprises a casing 10,

whi ch  the exhaust air at the portion of the heat exchange clement 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



includes a supply air passage and an exhaust air passage; a heat exchange

el ement 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 §h@mﬂiﬂﬂ§§ﬂﬁge
casing 10 is an approxi mate rectangul ar parall el epi ped box that houses the
heat exchange el enent 11, and has a first inlet | Oa and second outlet |

Qd on the outdoor space SO side, and a second inlet 10b and a first outlet
10c on the indoor space St side. The supply air passage is a passage that
extends fromthe first inlet 10a to the second inlet 1 via the heat 20

exchargdogineeRtinstdlied T plaBegNaiesbodd the PSSR ifiddbr RPEL &Y that Bab bext ends from
the first outlet 10c to the second outlet | Od via the heat exchange

el emeRtntildted TiRilchARil AR CRRNGE d8dtSTBiks tht ihdboRspaBe SBlo! tRelodidba sty@ago
exchanger, having a structure wherein the nutually orthogonal flow

passagasiditie Blildiahehdat cRIRAEH uhRS dxbRiNgRARIAGEwWE (B Rturnbd R fbbN 2005
of the directions is incorporated in the supply air passage inside the
casi Ngheliddod3flade!BE ahd MY RBSEAGCOADbY thehak Bshaslielcbhdn®N1 | dischages er ated in
t he exhaust alir passage inside the casing 10. The supply air fan 12 is

ar 5 ang&rmQiir R Ago dRWaslobence 8O (@thdub@iSpp bd fich dPIASEAGERL hanexdtBngd

. operated so that the outside air QA fromthe first inlet 10a flows into the

casi ngutkfiie a0 A48 thedAdoorisPeeest haugiplypair SAamm aliditios i@ tiaRpeds ganwnst r eam of
the exhaust air passage, and is operated so that the air (return air) RA
i nsi dexétafgd AROCRAtIRAKE Spebhtidn) e Hebt dx@hdi@emeint I dantapd delfond thenisaalt he i nsi de
of the casing 10 fromthe first outlet I Oc. 10 In addition, although -

- omi t t efhihdrpReftilfBiondpetation beaking ¥ bhpaRgpissati t 5 is provided with a bypass

passage used when perform ng ordinary ventilation instead of heat exchange
and ventilation. The danper (not shown) sw tches between the passage
t hrough the heat exchange - el enent 11 and the bypass passage.
10  CONSTITUTION
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; ;md 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 the first outlet 10¢

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-



15 Furthernore, the heat exchanger unit 5 is equipped with two tenperature
sensors 51, 52 for judging whether to perform heat exchange  and _ ,
ventilation, or ordinary ventilation. As shown in FIG 2, tﬂe?téb‘;ﬂérzwe
~sensor 51 is arranged at a | ocation where it can detect the tenmperature of
the outside air QA (nanely, the outside air tenperature), before it passes
t hrough the heat exchange elenent 11. Specifically, the tenperature sensor
51 is arranged between the first inlet 20 10a of the supply air passage
inside the casing 10 and the heat exchange element 11. In addition, the
t enpepfithediresiisms tvin@zporsted in thegupplHpir passaginside thiresiag 19, andphefiavect the
tenperature of the return air RA nanely the indoor_ tenmperature, before it
_ passepasshgasudiie ather dirsetiondix tearmgeated intbnexhaust airggesers inside e casiig 1enper at ur e
sensor 52 is arranged between the first outlet 10c of the exhaust air
passage inside the casing 10 and the heat exchange elenent 11. 25 13 1 3
JUN 2005 Furthernore, the detection results of the tenperature sensor 51,
whi ch det e@hs supply dufesildds amanged enfherdernstcamens of deeisURBlyYRICRASHES B Sahen
the control unit execute the freeze inhibit control nodes as descri bed
| af er op&alEONT @) the loutFitls airdp fesim theifirstanlet Hia flaavgriniodbheaster! Oy b 3dd8iogont r ol s
the operation of the supply air fan 12 and the exhaust air fan 13 based on
. f act othe dxhiust aih Eandidtie errpnged dewnstresmuff thhexbpusiplpassage and wpsraiedse thaty - 10
NORMAL VENTI LATI ON CONTROL MODE The control unit_of the heat exchanger unit
5 exethetaiss(retomrai) Rieimside shd indoas spaoeSIL thab isdo bp yeridatgd flows iyte hsdpsidettper at ur e
and the outside air tenperature detected by the tenperature sensors 51,
52. | thegasiag 10#remethe fiest outled 18¢ i nked air conditioner 20, the normal
-ventilation control

10 . In addition, although— omitted from FIG. 2, the heat exchanger unit 5 is provided with a
bypass passage used when perﬁ)nning 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
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node i s executed taking the operating status of the air conditioner 20 into
consideration. In the 15 normal ventilation control node, the jheat

exchanger unit 5 switches between the heat exchange and vent|1l gt LJcUﬂ\] 20{]5
operation and the ordinary ventilation operation. Wen 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 ventil ation operation, the return air RA
inside the 20 indoor space Sl is sucked into the casing 10, passes through
t he heat exchange el enent 11, changes into exhaust air EA, and is

di schar ged Fartlgemmiores ilgtaletdetor mesultsgpf 1k temptratrosensiodil, whab det®@s thelomtsadbdi t i on,
the outside air QA of the outdoor space is taken into the casing 10, passes
t hr oughr tethperatheasreeschagenditionsviten e, cootralnoétsexenttoths fippte/inkibit c@®Xroland i s

di scharged fromthe heat exchanger unit 5 to the indoor space SI. 25 -14
13 JUmcIe9as desimritieddatehange and ventil ation operation varies according to

t he operating conditions, such as cooling in the summertine, heating in the
“wintertime, cooling when the tenperature of the outdoor space SO is |ower
than the indoor space SI, and heating when the tenperature of the outdoor
space C&NTROhi gher than the i ndoor space Sl; the follow ng describes one
exanpl e of 5 such operation. In a case where the indoor space $l is heated
in the w niloe tonm! noit 20 hyattechaager unigdrntdls tier opRGition o€ thesnpple ric FEanger

unit 5 exchanges heat between the 20C return air RA and the OC outside air
QA, op2rad s exhastaipfinyl 3diasedf anfadidrs likeshmr detectihe 1<8IG efithpteppaiaturSA i nt o t he
i ndoor 10 space SlI, “operates the exhaust air fan 13, and di scharges the 5C
exhaustnsaisrS1E3.i nt o t he at nosphere (outdoor space SO . Thereby, the heating
operation duty cycle of the air conditioner .20 decreases, and energy
consunption is reduced. In addition, if the control unit of the heat

exchanger unit 5 judges fromthe det ection
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

- 14 -



15 results of the tenperature sensors 51, 52 that nore energy woul d be
saved by performng ordinary ventilation instead of the abov nt |
heat exchange and ventilation, it switches the danper (not smﬂﬁ&ﬁg[‘]oS
perforns ordinary ventilation operation using the bypass, passage. In
ordinary ventilation operation, the outside air QA whose heat is not
exchanged with the return air RA is taken into the indoor space SI. 20
FREEZE | NHI BI T CONTROL MODES To inhibit freezing of the heat exchange
el ement 11 when the outside air tenperature falls below -10C, the control
unit of t héleaachaee hnhyentilativntopsraticreraries scqopding i the pperatingraopdidionnhi bi t
control nodes depending on the outside air tenperature. These two freeze
i nhi bistchcasrcopiing moblesmmMGtimechaating ini the wirfterigreecoating iben gheriempiratrde and t he
second freeze inhibit control node. -15 1 3 JUN 2005 The first freeze
i nhi bithe audior spacebdeis lovnrithanghé indewr spgcedtl, artcheaating wharcthe tegepeedteneiithe f t he
outside air tenperature falls below -10C. In the first freeze inhibit
cont r eutdeodspace $Q iekigberdhandhe indperspa: Slsthedolowing descyibespme skaapleahd t he
supply air fan 12 is stopped for the first 15 mnutes of 5 every 60
m Aut esch eperationper ation is perforned repetitively, and is hereinafter
referred to as the first operational node. _. |In cases where the outside
air tenperature falls below -15C, the second freeze inhibit control node
inhibits freezing of the heat exchange el ement nore strongly than the first
freeze 10 imarasetwhenrthe oldopmgpece $lris héntedsiadbmwinftertmedo 2076 thithe @iont r ol node,
the supply air fan 12 and the exhaust air fan 13 are operated
i nt er wpuditioner 90, thohent pkehianger bhi S enehangesisaichebiveen the 2§’ hacwardnBA addbye
inhibit control node, the supply air fan 12 and the exhaust air fan 13 are
hal t ed®°€ ontsigl airfAupertesdhgisuphbyritdpe i 2tingsutsithe F8Ssuprlp dir Sorinjofhe ingoed nut es;
this operation is perforned '

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.
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repetitively, and is hereinafter referred to as the second operational
. mode. 15 The followi ng explains, in reference to FIG 3, how the operating
conditions change when using the two freeze inhibit control '}r@deﬁ({”\[)gﬁgﬁg
t he usual ventilation operation (herein, heat exchange and ventilation
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 below -10C. Thereby, intermttent operation of just the supply air
fan 12 begins (first operational node). -16 3 JUN 2005 During the first
operational node, the outside air tenperature is continuously nonitored,
.includi ng tThe fitH frereuhkisit Wherol idvde nbiptsy/fragiing bfithe h2ati exclmlpt edmeBeid Hese t he
cold outside air OA does not pass through the heat exchange el enent 11
whi | e oidRlessitpingeratute faHnbddw i- B0°0ald thel fitsn fiebi intibit séntoyb afodt) the exhawstcdr,
cooling of the heat exchange -elenent 11 is alleviated. 5 However, if the
out si dsn B ¥ coim@uéy op&raics, #ndohd supplyiair fhus 12 drscgipedifiir éhd fiat 15 mémeésng of t he
heat exchange el ement 11 cannot be inhibited in the first operational node.
Ther efeodre 60 whiatkes; Hieis opeihitinde paifernied nigetidtely,entlad hescihaftapvefedt&Oo dsitiee cont r ol
unit halts execution of the first freeze inhibit control node and executes
- the séeamgeftieaitmodahi bit control node instead. The shift from 10 the 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 repeats a cycle of 60 mnutes of halting the supply air
fan 12 anth ézes ehdradstoutiide distempratirofallie beldwhy 5%, te serandt feszohdper at i on.
Ther eby, because 15 ventilation operation is halted continuously for 60
m nut esntrdl heode fntdbits freaingotheteatrdxskmed aleinegt 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 monjtors-thc
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 air fan 12

begins (first 6perationa1 mode).
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this time. Consequently, when operation of the exhaust air fan 13 is
restarted, the warmindoor return air RA passes through the Wegtdiﬁﬁqiﬁ?e
el enent 11, thereby inhibiting freezing of the heat exchange 'efe _5
Furthernore, in the second operational node, the outside air tenperature
is nonitored by the tenperature sensor 51 during the five m nutes when the
supply 20 air fan 12 and the exhaust air fan 13 are operated. |If the result
of nonitoring the outside air tenperature in the second operational node
indicates that the outside air tenperature is rising and that the outside

- air tenper ging aedftd JpeSiondl nd®, thé IsRk aft@BbREEHES cbEidubidy Fonltbres, of
monitoring, thé control unit shifts fromthe second 17 13 JUN 2005 {

freeze,difhihdink 15Mbke whRGe sy &ir bn' Btis haikAZBeda0kd ik tola®itsidd aindde af t er
operation of the supply air fan 12 and the exhaust air fan 13 during those

five nh,oulf asslt&oﬁ&gﬂhteih@z[bex&ﬁhﬁg@él}eﬁﬂe%ﬁ-l%ﬁﬂétﬁ%pﬁt AF i 12 iSRAltedinighes | y

nonitored i1 n the frrst operati ona node, during which tine the contro

uni t jﬁ'x‘éi%ﬁéraﬁ@&aﬁ Bietle, (cBofufd &the h&ut ERGatEd @ém¥R N iid AldvRied. Oper ati on based on
the continuous state of the outside air tenperature during 45 m nutes of

opgration of -the supply air fan 12. Concretely, if the outside air
tenperature-is higher than -8C for five mnutes or |onger during 45

m nutes of RARLEL ireR: QltsildSir BaRRkMurdiid tobddiy ifisicBnddMabld thaitirecking@Z thei nhi bi t
control node, the control unit pronptly shifts fromthe first operationa

mode 8,4 e%@hahg@ew&aﬁh1\eﬁﬁidtlb@timﬂ|51tmﬁﬂ@etﬁr@¢rb eFIBRAGTER BldrelSrwhiirbeHEAT
EXCHANGER UNI'T. I n the heat exchanger unit of the present enbodi nent, the

CONt T Qlytstdi dir tBMPérhiRfeSralidBelo@UI P MeRbhitrdITRSARS S Lutict efthersbitetdee _
tenperature sensor 51; as in the conventional art, when 15 the outside air

* t enpenafibik Sorftdl AP SlPW ButB Mdt@haIHREs: ihBBR cofitrdl B6dde ibdieadCDRE stof: fromi t
executes the first freeze inhibit control node, which inhibits freezing of

the hem iRKeLaBamisl GNEBE mbds to tAOkch@ fredZentabit Sorde] Aidde isfopedatven & fal | s
bel ow -15C, the control unit executes the second

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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freeze inhibit control node, which nore strongly inhibits freezing. 20
Specifically, in the first freeze inhibit control node, the IE{TQJ
operational node is executed, which tenporarily halts only e &hﬂ@ﬂéir
fan 12; in the second freeze inhibit control node, the second operational
node i s executed, which tenporarily halts both the supply air fan 12 and
the exhaust air fan 13. In the latter second operational node, because a
time span (60 mnutes) arises in which both the supply air and exhaust air
are stopped, the tenperature of the 25 indoor space Sl rises and, when the
exhau$iee ilhibB centhd epdend the fattardeelinhithiscontroinaodd dfiee byeraionnof tsBsupply JUN
2005 return air RA passes through the heat exchange elenent 11, effectively

i nhi biatrifig1 7 @riahé Bghaaft dihfan 1hdatinehokaigemmuesent 11. Using these two
differing operational nodes to effect freeze inhibit control increases the

5 degree that freezing of the heat exchange elenment 11 is inhibited;
nanely, even if the outside air tenperature falls as far as the

t enper at ur @ 4dditkin) thshersidd deemipagteé istdoatineatlyexmitaregan tedirsiniperafinal s
insufficiently inhibited just by repetitively executing the first
opsr amcde aduriipekhicH firae tHelventrblanfigudges mdethat logetnal ovthe 4@ ventiltisecond
operational node is executed by the second freeze F inhibit control node.
Cons egpanatidn/bastden ieabnémoha gerof tht dutbdegpteopeiantre dyridgdh mintesof eezi ng of
10 the heat exchange element 11 even in cold-climte regions. SECOND
EVBODbMbfTonl6f the supiptieaiafzai 1@nChhosetelly] if thoh duftideeait techpgrabere ofhighehihan +§°0y
freezi ng of ~heat exchange elenent 11 between the first operational node in
t he f ifsrStveiniiaazeof lhgdiduriagAs rohutend@parndot hétht Supspdy ain danolPen did fonal node in
t he second freeze inhibit control node in the above first enbodi nent, the
first fieperiakibneehtroimctelef daportest iuhit proahpthy shifst frach éhesurpipipgrational frgnde 1@
whereas the second operational node tenporarily halts both the supply air
f ah 1zheanndaltviestilatibmosdrataont f an 13. However, a case is al so conceivabl e
wherei n, depending on the | owtenperature

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 exchange 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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20 resistance of the heat exchange elenent 11 and the ability of the air
conditioner 20 to warmthe indoor space SI, the abovenentio eg p ré |
second operational node is not needed. In such a case, it i Isﬁ?ﬁo gﬂﬁle
to set the following type of first freeze inhibit control node and second:
freeze inhibit control node. -19 13 JUN 2005 1In the second enbodi nent,
just the supply air fan 12 is tenporarily stopped for a predeterm ned
percentage of tine in the first freeze inhibit control node and the second
freeze inhibit control node. In other words, the exhaust air fan 13 runs
cont i QMR A Paddaethkduphithd Ko hangeltldindnt ¢ Oruffeolivalpiibibatingiedekingof the t he
second freeze inhibit control node. Further, during 5 operation in the

- secondedtegE@Agd AbmbAt11cont rol node, the percentage of time that the supply
cair fan 12 is halted is greater than during operation in the first freeze
inhibit control node. For exanple, wth operation in the first freeze
inhibit control node, the allocation is 15 mnutes of halt time and 45

m nut es of UsRgHidsk eko HifftBing opcrhiithabmpidsito affectffRpzdidhibittoawsltinasdses dher i ng
operation in the second freeze inhibit control node, the allocation is 50
M fut gsored thapfréezingor tiad Kball & chhdpdicRonedf 11 kGnkipeéd nkmely! ¢ver if the onthide airppl y
air fan 12. TH RD EMBCODI MENT I n the abovenentioned first enbodi ment, the

start tenijsbraae agld RtiaR e tetperatirs 61590) et frécaiighif thedeat sxohanyodierent t he
second freeze inhibit control node are judged based only on the 15

t enpen aidineuffleaty Rdibiyd jliehy efpaielisxeagmgibe filslopartionhl edecaftes tiehe
outside air tenperature; however, -that judgnment may al so be made taking

Nt 0 eiselAere FlisHeldvn el (0O W bécond opdratidingl mbédip exeduttidebydht scombifryet he
‘tenmperature sensor 52, which detects the indoor tenperature. In this case,

t he r imlbiodontroEedid Codbedubiily) @atheaikadbager wliefepirofriatdpimhitdtsifreesingofur at el y
estimated, naking it possible to nore appropriately tinme the start and
c anc e kledichioikchinge Renfent 51 efehde zaidichihiate iegidfs.cont r ol node and the second
freeze inhibit control node.

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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FOURTH EMBCODI MENT The heat exchanger unit 6 according to one enbodi nent of
the present invention, shown in FIG 4, is installed for vent| | ati ng

bui l di ngs and various facilities, and is linked to an air o d| U)\g@g@r
operat ed i ndependently. In the heat exchange and ventil ati on oper at’i

node, -20 1 3 JUN 2005 the heat exchanger unit 6 exchanges heat between
the return air RA fromthe indoor space SI and the exhaust air EA by the
heat exchange el ement 11, discharges the return air RA to the outdoor
space SO (exhaust air EA), and delivers the post-heat exchanged outside air

QA into thé thedewhd esipaditrefd, j1asthe ymply amifin PAs tdmpaaldlytsiopped farahi s type of
heat exchange and ventilation operational 5 node, the heat exchanger unit 6

can alpsedepanined pertditageil dimean tHerfastyfrasge bkt ¢omrobpedatrdohe sxiond fre¢dze bypass
passage. CONSTI TUTION As shown in FIG 4, the heat exchanger unit 6

pr i nciihibit yor&@hmods 46 othe@6id8,Ghd Bxhankt aihfan 10 riniclonttamusly s fiel firstdfrdezgpassage
and an exhaust "air passage; a heat exchange elenent 11 housed in the center

of t hénhibistat@rodinotitiss welbasig thdkecandsfigrat ynldhit cdutrol mdie. Surthed dusdg ai r fan 13;
and a control unit (not shown). The constitution of the casing 10, the

heat epehingie the @Bl frdcke irhitd: dopeobupfic, )theape‘rcefnmgebﬂtlmlzﬁhailﬂ&a dupplys@rfen as i n
the fi rst enbodi nent. In addition, although omtted fromFI G 4; the heat
exchangéy hdlted is gredtar tmmiﬂﬂgdpwiaﬁdm m thbYipa Siscpaskibiectithdtmade. Baedamplen
perform ng ordinary ventilation instead of heat exchange and ventilation.
The bypthshenass aohe find flebe ipldbs agerdl dddepths abscatibn duidhminnees o€ holt 8mwehange
element 20 11 are switched by a danper (not shown). Furthernore, the heat
exchaagb45 mirmitestofioperatiet e torwhd dupplyoait fanp121 mtconeass,eiusiop 9p&ratiorbia thé or

j udgi ng whet her to perform heat exchange and ventilation, or ordinary

vent i kabohd freezerishikit control mode, the allocation is 50 minutes of halt time and 10 minutes of

10 operation time for the supply air fan 12.

THIRD EMBODIMENT
In the abovementionedi first embodiment, the start and cancellation of the first freeze
'inhibitreontrol 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 taldng 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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tenperature sensor 53 for judging whether to execute a freeze inhibit
control node discussed 25 later. The tenperature sensor 51 nd t he
tenperature sensor 52 are arranged in the same manner 21 13 J\2P087as
the first enbodi nent. 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 ement 11 on the downstream side of the exhaust air flow,
and detects the tenperature of the exhaust air EA (hereinafter, the
exhaust air tenperature). Specifically, the tenperature sensor 53 is

ar r anghehiexcR o8 RAUS L Bhhges heﬁ%éﬁ&%n'tﬁ%% MRAC@&h'ﬂ% indoRSpNRE ahd1e heat

exchange elenent 11 and the second outl et The control unit of

the h%texﬁéxfspii?@f% %»méﬁ ase&gﬂ}.@@éﬁm@,ﬂq&a&g%@% tl{ef}@m&llﬁpk)& Bithe fdfloor2 and

the exhaust air fa onh factors’' i ke the detection results of the

te ”pe%lflaklé 56 @SR 3 BEAD and delpr & ps:he gééFMEhHéIﬁ M GENLRAMDE The

contr unit of the heat exchanger unit 6 executes the normal ventilation:

- cont rgéace @?Qsesu:ppl taﬁ]%ﬂ?.@ﬁ%ﬂ&'fﬁﬂﬂ% é‘&flfe%ﬂcﬁe{n Haﬁ& v&ftiléti&% gatiogchanger
uni t in the rst enbodi nent. 15 FREEZE INHI S Because

the copik Cﬂie Hht Exdﬁffm%m Bn# 8k X6 g@ﬁ&%{ the Rkl Qr&ﬂb?jr pérftﬁatfoh‘%f?éﬂaﬂgn ngé he heat
exchange ‘el ement 11 en the exhaust air tenperature detected by th
tenpeqRivipaspaiagy. 53 falls below 0C two differing freeze inhibit contro
nodes ar & executed depending on the 20 exhaust air tenperature. These two

“ freeze inhibit control nodes are the first freeze inhibit control . node and

the second freeze inhibit control node. The first freeze inhibit control
mode p@N®MUTIRezi ng of the heat exchange element 11 if the exhaust air
tenperature falls below OC. In the first freeze inhibit control node, the

exhaust 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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25 air fan 13 is continuously operated, and the supply air fan 12 is halted
for the first 15 mnutes of 22 1 3 JUN 2005 every 60 mnutes; this L
operation is perforned repetitively, and is hereinafter refér q?g%@Z@ﬂgfua
first operational node. The second freeze inhibit control node inhibits
freezing of the heat exchange elenment 5 nore 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

nor e %%ﬁ%@érﬂbed&ﬂeﬁt.@nﬁx@ﬁﬁﬁ}& aslh&SL B FIth,bﬂ'hE t&%&dt@e_sﬁi@ééﬁﬁ is@oﬁﬂ@' y air
fan 12 and the exhaust air fan 13 are halted for 60 mnutes, and then

oper atth @BtebtShd RidperahR8 of Pporkibis i 14 bMBe Rl Bk donpd QbfeRNeoAlthOfoviftreah f or med
10 repetitively, and is hereinafter referred to as the second operati onal

node. i ki) dxBish Hir SR, M GetepNhE BPnRPRIrR I it B h&g&sﬁheﬁamﬁef, ween using
the two freeze inhibit control nodes. 15 During the usual ventilation

oper atdxRilsl AeteRiperaniER EpSXGRMP Afie ARhHMIE sbbl SNisQRahAd iffhe Ragavse the
outside air tenperature is low), the tenperature sensor 53 continuously

NDRI t YaSsafdiRside WrAasihg A0 betwRER BloMHehl chdnd® cletnehi 1 T drRBESsdcBhd Hitlet ¢ONL I O
node is executed when the exhaust air tenperature falls below OC. Thereby,

intermttent operation of just the supply air fan 12 begins (first
operational node). 20 During the first operational node, the exhaust air

t enper@NTROLS continuously nonitored, including the 15 m nutes when the
supply air fan 12 is halted. Because the cold outside air OA does not pass

- through t hghbeatrd e anae nehieAeidngdunity ddmtblepstifiph ¥ Blefsupait Zar 2 hal t ed
inthe first operational node, cooling of the heat exchange elenment 11 is
al | eviag§ et exBRust 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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-23 3 JUN 2005 However, if the exhaust air tenperature further decreases;

inhibited in the first operational node. Therefore, when thg &xH Qﬂg %
tenperature falls below -3C, the control unit halts execution of 't I st

second freeze inhibit control node is forced, even if the first
operational node is in progress. The second operational node repetitively
perf ory R0t EXNRAKSTHe ai T fan
13 for%%g‘?ﬂn@tugss’%gﬂgé rsﬂhensg%g?lzf etl?lil‘/%];?/T or ?[tg/rg m ﬁu%%g ere%y
becausg.\LSakiibal LRRcoreration is halted continuously for 60 nlnutes the
i ndoor teﬁperature rises during this tine. Consequently, when operatlon of

through the heat exchange el ement 11, thereby inhibiting freezing of the

heat exchangg (&l GARALeSlnipf Uodhe HB‘&E %ﬁgﬁl’fb %&%m%%‘f%%%% rge QRincpde, the

exhaust air tenperature is nmonitore nmperature sefsor 53 during

f
are Oper EE: Cgféi %Q'uétri‘feleﬁéji!ﬂ%ﬂb}‘t c%ﬁ&&'ﬁoéﬁﬂ coes Mdrel e iii@yat air fan 13

the result nonitoring the exhaust alr tenperature in

the s %t&ﬁ%ﬁ% ARAL3°00HGhe LROAERESS ihHIBH cbiifl BIABURL s@p by dif fy siEfRahahyre is

r|S|ng at - the exhaust air tenperat ure cont i nues

dur i naleféxtésusmﬁ@ gﬁﬂfﬁs 8t o ?QF%B ﬂgérﬂgm&ugw 31518 hid B e SdHc eta¥ fifh a0 debigsecond

20, freeze In cont etot Irst freeze |1 nhibi control node

af ter ﬁ%@ferlﬁﬁlbﬂgoﬁﬁaﬁc%&e%¥ s Ea'ﬁ 122 LiGu@nhans i3 fkhakt@roddof or those

five mnutes st air tenperature 1s continuously

.moni t ghededYnd idnb &a&dgfresmeearf&t LeMH)e RERS; tﬂférh&gm‘ﬁfﬂis GBribinkd t he control

unit judges whethef to retain to the usua 75 ve

0R0t N@e AR UAHS: Bk tc? fefbiGt 1860 MleSecdtd opeBRiBRAIGEHE during 45 24

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 temperatut'e is low), the temperature sensor 53 continuously monitorsthe
exhaust air temperature; the first freeze inhibit control mode is executed when the exhaust air
temperature falls below 0°C, Thereby, intermittent operation of just the supply air fan 12 begins

(first operational mode).

20 i
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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it is conceivable that freezing of the heat exchange el ement 11 cannot be

freeze inhibit control npde and executes the second freeze inhibit control"
node instead. The 5 shift fromthe first freeze inhibit control npode to the

the exhaust air fan 13 is restarted, the warm indoor return air RA passes

OC or greater

tilation operation based



1-3 JUN 2005 minutes of operation of the supply air fan 12. Concretely, if
the exhaust air tenperature.is higher than 2C for five m nute r | onger
during the 45 m nutes of operation of the supply air fan 12 id?.ﬁh@¢@@gg
freeze inhibit control node, the control unit pronptly shifts fromthe
first operational node to the usual ventilation operation. 5 ,
CHARACTERI STI CS OF THE HEAT EXCHANGER UNIT (1) Because the humidity of the
i ndoor space S|l is generally higher than the outdoor space SO a freezing
phenomenon occurs at the el enent exhaust air downstream portion 1la, as

shown 10 Hawkhé&s, ifdhe dxhaldd 8ir Reaterf¥RTanBE debeiseitt it tonoshiable tharseziag por ti on
of the supply air passage and the exhaust air passage, freezes. In

~ cont r asthe Heft dxbRangO B¢RBAH ANBhn@ Ve inHibied M AKERL opthdishalhedd) Bherefoge, per f or m
operations that inhibit freezing of the heat exchange elenment 11 is made by

det ectiHRfl thd dxBalse AP ehiekine MlistRROWLFS] M8 caitfol bR halpAs@eRidnuTeugirst he
supply air passage and conparing that tenperature with a predetern ned

| evel frebigdiahibt@bREs mdae aadSfechits tHeRYSHA freB@inhibit confrolknady @stead. Thej udge
based only on the outside air tenperature whether the heat exchange el enent

115Wi Ishift fhdi® @eKirst fredz& infhithf @h@HEmBASeha btc@dnd BreBRNBhiBH CBntkd] GRS forbdsed on
the tenperature of the elenent exhaust air downstream portion 11 a of the

heat ew&h@A@Fire! peRMbnal nodeh @iprégregzes easily. Taking this into
consideration, in the heat exchanger unit 6 of the present enbodinent, a

20 tenperature sensor 53 is newWy provided, and the tenperature of the
el ement exhaust air downstream portion 11 a of- the heat exchange el enent

11 i s i ndi mREbdcyndepesions Mydd RpetdRieBGicrPAns 9tydder Hatitipehatuppty «if fahhe
exhaust air EA (exhaust air tenperature) that passed through the el ement
exhausp add thedQumst LiLAM1B a6t 600minktdspand-tBén §petatihg I BQFbve minutes. Thereby,
10  because ventilation operation is halted continuously for 60 minutes, the indoor temperature rises
during this time. Consequently, when operation of the exhaust air fan 13 is restarted, the warm
indoor return 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

-4 -



.inhibits freezing.. 15 Specifically, in the

Thereby, enabling the risk of freezing of the heat exchange elenent 11 to
be judged nore accurately reduces malfunctions like switching to
operations that execute a freeze inhibit control node when ﬁ@}&ﬂgﬁﬁgggﬁor
not executing a freeze inhibit control node despite the fact that e eat
exchange elenent 11 is freezing, thus enabling freezing. of the heat
exchange elenent 11 to 5 be appropriately inhibited in cold-clinmate
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 enpepahilELrTPpREsn §Sthe Wiy AiP Binenoheusdretdly! if IR GXBAG: Wi @empddathr! ik highel ow a
predeterm ned | evel (0C), 'the control unit executes the first freeze

| nhi bifan 20O FdrFHve FAGes ¥Woferidihhpitessiigeas fomRiatihef Heaipsyaidage? &l enent
11; and when the exhaust air tenperature falls below -3C, the control unit

execuiRYirktRectemand oh@84Rodd) ﬁie%ﬁtr&%ltrﬂi’ém?{_{ﬂm{iﬂs b Gle fiBt epepationng! y
I rs

freeze inhibit control

node, 1ol td the slulP@itddtioftpbratibgle is executed, which tenporarily halts only
the supply air fan 12; in the second freeze inhibit control node, the

second operational node is executed, which tenporarily halts both the
supply air fan 12 and the exhaust air fan 13. In the latter second

oper abHNRACTBERSTIOS CRUBEEHRA TEXIIIMNGER UNITut es) arises during which
both the supply air and exhaust air are stopped, the tenperature of 20 the

i ndoofy)space Sl rises and, when the exhaust air is subsequently started,
the conparatively warmreturn air RA passes through the heat exchange

el enent  11Beqlibemt hv@ldityloTiMdinibat@pided 1d gigierallf, higher thaathexabangace! enent
11. Using these two differing operational nodes to effect freeze inhibit

contrgb, & ﬁ%éﬂ@gz[ﬂﬁnérﬁ@non?&cﬁi@ Of @€ cldidint EXhaest iaff@lodhstidaen padon &Xg hargevel ement
11 is inhibited; nanely, even if the exhaust air -26 1 3 JUN 2005

t pepenAtIG, 8, iff el IRa&ch@ize @kenidhe] 1, efiel i £périidfpf dieeupply ne@aisnge ofd t he
heat exchange el enment 11 :
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
the 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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is insufficiently inhibited by just repetitively executing the first
operational node after the tenperature falls below OC, the segcond
operational node is executed in the second freeze inhibit co t3cd[ﬁNxﬂ885
Consequently, the heat exchanger unit 6 appropriately inhibits freezing of
t he heat 5 exchange elenent 11 even in cold-climte regions. MOD FlI ED

- EXAMPLE OF THE FOURTH EMBODI MENT | nstead of the abovenenti oned tenperature
sensor 53 that detects the tenperature of the exhaust air that passed
through the heat exchange elenent 11, it is also possible to use a 10

t enper at ur ?hé:%ﬁ?,%aﬁlﬁ%tthéjﬁﬂ@&ﬁﬂéézi@l%b?ﬁfeﬁhehthﬁcﬁﬁi@%Ieﬁieﬁf B t@fbe?ﬂi@e@m&d: on 1

| a of the heat exchange elenent 11 on the downstream side of the exhaust

air f10MratbNPLRER AhiffH bR e ARRhnEAT bidhtisR ok ckhatdehdeze MhitAN@RoLNi t

according t0 the present invention enables the appropriate 15 inhibition

of t hgnddeQ@zh Rt Medtd)@r heRke@imb ALz EMBIFRonYBAodI UeaSikSth € Fichhethe egi ons
because, in addition to the first freeze inhibit control node that is

- executyegt bRt Bemert B ifl Gredlifig, HRARRAAHNFReezina ol achiRhtcRnbasembavElto 1t 1S
new y prOV|de§ with a second Treeze inhibit control node that is executed

when the llg}gl\gﬁgltg%ﬂﬁﬁitgdmgrda&ﬁﬁa@e,fegiolng_,beI ow a second level. 20 -27 1 3 JUN
2005 CLR ‘1. "A heat exchanger unit arranged between an i ndoor space and
an outdoor space, and that can perform heat exchange and ventilation,
conprising: a heat exchange elenment; a supply air passage that is routed
via sgpd heat exchange el enent; an exhaust air passage that is routed via
sai d heat exchange elenent; a tenperature sensor that detects the outside

air tenper g iheReat¥rbigbSunid ¥ ofhé present embodiment, the control unit monitors the

exhaust air temperature detected by the temperature sensor 53; when the exhaust air temperature
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 of said outdoor space; and a control unit that executes a first
freeze inhibit control node that inhibits freezing of said ?ggt Eﬁﬁzﬁﬂﬂﬁ
elenent if said outside air tenperature falls below a first | eﬂ, at
executes a second freeze inhibit control node that inhibits freezing of
sai d heat exchange elenent nore strongly than said first freeze inhibit
control node, if said outside air tenperature falls below a second | evel
which is lower than said first level. 2. The heat exchanger unit according
to Claim1l, further conprising' a supply air fan incorporated in said

|
supp ¥en§15 ere| i saf’%ﬁcomr FﬁﬁHéﬁafk‘F‘?twﬁ&@ﬁjc%rmﬁ@E&geidﬁa&g@éi’elﬁ’eiﬁ@}'St air

passage; uni ermttently operates said supply air

fan in g fﬁcfehﬁf%nl%lﬁt?ﬁ f)g édspﬁ:gpﬂiﬁvel @{%élgzﬂig t?%ﬁﬁ%pﬁ&ﬁldnﬁfﬁ&?@ iteRld y operates
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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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“further conprising: a casing that houses said heat exchange el enent, and
having a first inlet and a second outlet on the outdoor space side, and a
second inlet and a first outlet on the indoor space side; vvhe’{%l gj@gﬂ gmﬁ
supply air passage extends in said casing fromsaid first inlet 't i
second inlet via said heat exchange el ement; said exhaust air passage
extends in said casing fromsaid first outlet to said second outlet via
sai d heat exchange el enent; and said tenperature sensor is arranged between
said first inlet of said supply air passage and said heat exchange

el enent . (LAMRBeat exchanger unit arranged between the indoor space and the
out door space, and that can perform heat exchange and ventil ati on,
~conprising: a heat exchange el enment; a supply air passage for supplying
air, and that li s rouh@dexdhangugit ifatgedteivangean ifloorgnice a0 a@chalsst air
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temperature of said outdoor space; and

a control unit that executes a first freeze inhibit control mode that inhibits freezing of
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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node, if the tenperature detected by said tenperature sensor falls below a
second level, which is lower than said first level. 7. The heat exchanger

unit according to Claim®6, wherein said tenperature sensor dieaegtmtem@
tenperature of the exhaust air in said exhaust air passage o st

air flow downstream side of said heat exchange el enent. 30 ABSTRACT The
present invention provides a heat exchanger unit (5) that can appropriately
inhibit freezing of a heat exchange el enent (11), even in cold-climte
regions. The heat exchanger unit (5) perforns heat exchange and

ventil ation beaideenirodynit permrittephicepefates) sahrapaly ayufad dosaiddusidreegonhibiind i s

t heref or [ R . I ( . I | .. passage
that 1 Soio? bodE antlihidr ol B GRS RGP ErBI her i s PoBRat 8 m D e
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(51), and a control unit. The tenperature sensor (51) detects the outside
air tenperature. The control unit executes a first freeze inhibit control
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| ower than the first |evel).
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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mode, if the temperature detected by said temperature sensor falls below a second level,

which is lower than said first level.
7. The heat exchanger unit according to Claim 6, wherein

said temperature sensor detects the temperature of the exhaust air in said exhaust air

passage on the exhaust air flow downstream side of said heat exchange element.
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