;e3e|jJO6f Ta SPECI FI CATI ON HEAT EXCHANGER UNIT 5 TECHNI CAL FI ELD OF THE
. | NVENTI nt invention relates to a heat exchanger unit, and nore
parti cumwmmmmm“m Weat exchanger unit for cold-clinate regions that
perfornms hegt exchange and ventilation, and is arranged between an indoor
space and an8Ut door space. 10 RELATED ART The nethods used in recent years
for indoor ventilation, in which air conditioning is perforned for heating
and cooling, have included one that ains to reduce the operating expense of
an air c [ mafiOr  heating and cool i r_}ﬁ&l% exchangi ng heat between the
suppl y #ﬂ‘ﬁ\m\w@‘m\m\‘al r) suppli ePREHEEA r space and the conditioned
air (ret exhaust air) exhausted from1l S the indoor space. A heat
exchanger urti®f*s one exanpl e of an apparatus that perforns heat exchange
and ventilation. Heat exchanger units are installed to ventilate buil dings
and various facilities, and %MTIE@QWGERHME 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
i ndoor space Sl that is to be ventilated. The heat exchanger unit 5 shown
in Fl GTHCHNIQARJAELDR OF PHEIRMENRONet urn air RA fromthe indoor space S
and the outside air OA by a heat exchange elenent 11 in a casing 10,
di schar ges {Ihe preseniinyention wlatasdo g heat syehangir uaiaand nume pastisplady tag heabpn) | and
t hen delivers post heat-exchanged outside air QA into the indoor space S
as supSrshanger ugit formeld-dlimatg saginns that performsihgafsyehange ard wtijaliop.geddy i n
sumertine to 26C by an air conditioner 20, the -1 heat exchanger unit
c handeangrd detwssn ai dilophwagsand aaayfdoRsnacRA and the 32C outside air OA by
e heat exchange el enent 11, operates the supply air fan 12, inserts the
27.4C supply air SAinto the indoor space SlI, operates the exhaust air fan
13, and di scharges the 30.6C exhaust air EA into the atnosphere (outdoor
spdfe RELATEDABY the operation duty cycle of the air 5 conditioner 20
decreases, and energy consunption can_be reduced, However, the heat
exchanger uribe nwthods dsaddn reseiiaipars ddndons aenfilation, mawhigh air condiBERg ither e not
exchangi ng heat woul d save energy, such as_when perform ng cooling when the
i ndoor PspaEReddpr hgating androoking have wckrethene thitaims loaedise dhroPPeEgting 6XB0sa
tenperature, (hereinafter, the "outside 10 ajir tenperature"), the heat
exchang¥éan aiiconditionsh fos deatingand copl gy srehpnpmghedbetwisa ths sypply Rl (Awsider | s
taken in_w thout exchanging heat. Al though omtted fromFlI G, 1, the heat
exchand® sippiied & andndgasspase anwh@wogfhwpéw (FAwa Aecthaust 2jrd exhaudedHemn
perform ng .ordinary ventilation instead of perform ng heat exchange and
verdti | 486 BHCOTAPRErper (not shown) switches between the bypass passage and
t he passage that passes through the heat exchange el enent 11. 15

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
include 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 OA into the indoor space SI 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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In addition, 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 ini FIG 2, the tenperature
sensor 51 is arranged at a |l ocation where it can detect the tenperature of
the return air RA before it passes through the heat exchange el enent 11,
i.e., the indoor 20 tenperature.ln addition, the tenperature sensor 52 is
arranged at a |ocation where it can detect the tenperature of the outside
air OA before it passes through the heat exchange el enment 11, i.e., the
out si dBeRierchaBEp R eEFBnesEheat beskeINE ST TENE IR A g 1SR eusideiOAeat
exchanger unit as described above, the 25 outside air tenperature
speci f P¥ e heat gxehange element |1 gperatss thesypply aisdan 12, insgiy the2¢-4°¢ supplic#ir §Aneat
-2 exchanger unit is used in an environnent where the outside air
t enper &tt0 the 1hdqar spase ShRPeratRs the-shaesh ais dannkb, and digcharges 81ea30:0°Crepbausbait
exchange elenent. In addition, dew condensation may forminsjde the unit. S
To i nhitth g ﬁhéé‘ﬂ‘%gg‘?ﬁ (QuirooR ghace 8 Qo nETEDY e ARFTRLQTAUNSCIERIRRAT  when t he
outside aj.r ten&erature fell below a predetermined |l evel (e.g., -100),
conv enCPHitioneR &4 flecrsassin ARBFICHH o8 SEMIHARaR baFFdtRder mi t t ent oper ati on
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 fromthe indoor space to the outdoor space would fl ow
to the heat P@W@H%anlé heatsxehpngermmitaydpes Rt Al cchaggelbeat;rathery in GasesakRfE? at ur e
bel ow -10C, would for the nost part  no | onger pass through the heat

chan@et @ichaneing healwayld saverraeigyueh ay whensheatornimgceoling W the indger space

| atively high tenperature when the outside air tenperature falls bel ow

-10C, tShair frmmperatig it highenthan th oufdeon spete Q) air qmperaiure thereiaafirsdhe elitidhge
el enent . when runping with just the exhaust ai|, thereby re|lieving.the
coﬁ@i t i ﬁemvﬁrmeg)a ﬂ%"n@a #ﬂ)@f&%@%ﬂéﬁ%@r@ é{%ﬁ?ty@ow ‘Ffé’élz"é‘9 %o the

outside 15 air. However, .in cold-climate regi ons, where the cold is _severe,
it is af erblaﬁ’e@}%ﬁcﬁwﬂﬂﬂq}eat- fhough gmittesd ?rgﬂb%%odv tﬁig@} exfhengs it 4ds aj r
tenperature could fall further to -1g to -20C. In such an.envi rwnt, it
may notPreyddsdorith dbypaspastags thet i used WheperformingArdigaryventationeigstead dhange 20
el enent just, by executing a fixed intermttent ogeration control. nmode when

the t ePpEPERIDE Beat sxqhangsand yentilationy éy o @ipt phayay swiches betyrsgp the bypass
conventional ly. DI SCLOSURE OF THE NTI O\lhThe obj ect1 of the present
i nvent iP¥2gS ?)ngaéhaépﬂsesa%tﬂé%h t exchange glemept .

15

In addition, the heat exchanger unit 5 is equipped with two temperature sensors 51, 52 for
judging whether to perform heat exchange and ventilation, or ordinary ventilation. As shown in
. FIG. 2, the temperature sensor 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 OA 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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25 appropriately inhibit freezing of the heat exchange el enent even in
. cold-clinmate regions. -3 A heat exchanger unit according to daiml s
arranged between an i ndoor space and an outdoor space, and can perform heat
exchange and ventilation. The heat exchanger unit is provided with a heat
exchange el enent; a supply air passage that is routed via the heat exchange
el ement; an exhaust air passage that is routed via the heat exchange
el enent; a tenperature sensor; and a control unit. The tenperature sensor
detects the outside air tenperature, which is the air tenperature of the
out dooreXipRge umtripused i ppenvirepmentighers (e oytsideairtemperatiee falybadow -k r ol
node and a second freeze inhibit caontrol node. The first freeze inhibit
cont r olcondsased Walpnairesze abthe feat exehapesdement durpddifiencesnsondensationypay, ut sj de
air tenperature falls below a first level. The 10 second freeze inhibit
cont r ol forpHSidE M Wik s freezing of the heat exchange el enent if the outside
air tenperature falls below a second |evel (which is |lower than the first
| evel ). The second freeze inhibit control node inhibits freezing of the
heat exchanqg.eLenent,nDre strongly than the first freeze jinhibhit control
nmode. 15 Herl®;iphibyfieezing;ofthe beah srohanes slement Authin maisr. vdisa die QUSSR | ndoor
space via the supply air passage, and air can be djscharged fromthe indoor
space tt?}nP%%t“EﬁfFﬁgﬁlPWsﬁﬁE termaniedileved (@8 rd 0°Q) fonyerionglneatexchanger Uiisc ause
the supply air passage and the exhaust air passage are both routed via the
heat eX&RaNgRfeAndNicHRIYENt apstation gonitad Mol by IMermiently siopping Sin Spralveifayand,e
exhaust airr in the heat exchange elenent. 20 Furthernore, the control unit
ni t orr4npingwihjust the exhaust drionaperting Paho ey theyexhanst b ok the IRWNSEnsor; as
the conventional art, when oqutside air tenperature falls bel ow a
pr edet ehissnarged framdhe ndporspagqedq gheyoutdoge space wqi%rf&*z@ the, heap prchapgprslementpde i s
executed, wherein freezing of the heat exchange el enent is inhibited; and
whef t Fed i coldrputsife air.ata mperature pgloms 19K, wequidfor Hie most BHENe langer Pasthi ch i s
|l ower than the first level, the second. freeze inhibjt control node -4 is

execut drougihthehestsxehangs glggent- Betapss the indogrtsmpgratuse isshamtaigeq at agelaively ne
tenper%éure falls below the first level in a cold-climte region, even if
the out %@Hlapﬁa@%wg@}%ep@daﬁfrdm%m %ﬂ% balow - Qi+ the hegt frophibe Rttt ur e
at which freezing. of the heat exchange el ement woul d be jnsufficiently

i nhi bi t%Ql¢ bostord it By drest exchangs glementgheprpaning with ust thegrbaust 3ip QY node,
when the 5 outside air. temperature falls below the second | evel . the second

fr eeze TEHAYING the copditiqq in the heat exchenge clginsnt pvas bt i Heste dpeito the pulside of

i nhi_ biting freezing of the heat exchange elenent. In this manner, in
addPti #-to the first freeze inhibit control node that executes when the
outside air tenperature falls below the first |evel, a second freeze

i nhibit control node has been 10 new y provided that executes when the

outside air .tenperature falls hel ow the secand | evel ; .
I-EowrreR'er, ?n colc?—cflmate reg?ons v\x%ere Ele col% 1S severe, ﬁ 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
20 eclement 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
The object of the present invention is to provide a heat exchanger unit that can

25  appropriately inhibit freezing of the heat exchange element even in cold-climate regions.
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consequently, the present heat exchanger unit is able to appropriately

. inhibit freezing of the heat exchange el enent even in cold-clinmate regions.
The heat exchanger unit according to daim2 is the heat exchanger unit
according to 15 Caim1l1, further provided with a supply air fan
incorporated in the supply air passage; and an exhaust air fan incorporated
in the exhaust air passage. Further, the control unit intermttently
operates the supply air fan in the first freeze inhibit control node and in
t he 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 jn the first freeze inhibit 20
control nodé hqag?@iﬂﬁr}gef Wit aggprding tgiGlaimy|y1sjagrangad ey qen @ andpopsnsr e and ANy
tenporarily stopping the fan for a predeterpm ned percentage of tine in the
first fOMECoRSHARHRRY EanRsRiOFE heghsaehenpgandwentgtion d hehea £gchaggerimit i ont r of

node. Wil e the supply air fan is stopped, the supply air stops and only
exhaus tProded; with 3 beat cxghangrelanens; agupplyainassage that isrejtted via theheatgxchanes

return air of the indoor space, passes, -5 t hrough the heat exchange
el eéeme,?en%ma apjGahiist 2 BSEAEE Qe inPUad viadhghgat oG HeMRR gt

exchange el enent. Accordingly, the heat exchange el enent stores heat when

the suppispiang acgpird ugpisthe tppperatyes sepnsdptests thepsidsaintgaperaiure, WG 18y t he

action of both fans, freezing of the qﬁgﬁ exchange %Ienenth which is cool ed

by t he tRAIEieawerfyre of he PRidPey space: The Fenteol Hef execyiet f Iirsh{reszsiinlubih comodr at i on

in the second free inhibit control node. executed. when the outside air
mper &¢qfiean a|8?@n§§|eeﬁﬁ 1piat seuteh gnadg. Bhe firgireere mglhlfcﬁfaéimltlﬁ%é? ipbiRits | ¢ gt

el, the percentage of tinme th the supply air fan is stopped js_greater
than { HEe%iBs of the Bpakershanee %Jsgﬁr&ﬂf ﬁs‘ﬁ ORSIdE Al trhpesaturerfalls below p Bt ieveb b ol

node. Consequently,.even  if there is an 1Q increased risk of, the oufside

ai ﬂ& er?ﬁ%qnat FE IP%‘P}tiCH@t"‘Bé‘PQSKRﬂ;H‘%‘t%é%eSW& 0?&1\? eatgxghange clymgnt léﬁewaﬁ&[s

el ement  freezing, freezing of the heat exchange el ement will be inhibited
becaus &l HBPIARE ﬁaﬁs belowa Sﬁqﬁ)@d@%va% (R heyeer P Erst vl on he geqopd trgeze

out si de a,'é,r (the tinme that the su&pﬁ?ly air fan is operating) wll shorten.
15 The 1plabit controh mege inbikiisiresaing pHihg §eat sxehangsplament mare strngly Bar Bg st uni t
accordiqg to é;ajn12, erein the control unit further perforns

i nt er mifCEHPhBEEPRYIIOF the exhaust air fan in the second freeze inhibit

control node. Herein, in the second freeze inhibit control node,
intermttent operation of the exhaust air 20 fan is perfornmed in addition

to li5nt erm t tl-ﬁag']éin,OaE)recrafaltbie glrllpp?ifed rgren g E))Etldgorasipglceft?)1 rg}ie ilndnoo?tspaecre V\ll\g)tilg gﬁpp. ynai; he
passage, and air can 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.

20
Furthermore, 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

25  below the second level, which is lower than the first level, the second freeze inhibit control mode
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second freeze inhibit control node, there is a tinme span when both the
. supply air fan and the exhaust air fan are tenporarily stopped. Because
ventilation is no |onger being perforned and both the supply air and
exhaust air are stopped during this tine span, the tenperature of the
i ndoor space rises. Thus, by stopping the supply air and exhaust air, and
raising the tenperature -6 of the indoor space, freezing of the heat
exchange el enent is inhibited by the subsequent exhaust air. Furthernore,
if the supply air is stopped.and just, the exhaust air flows, entry of the
out si dés gxcrutsd. which mareyenely inhilutsi fraeging accprimay, afignibe temnesatyg fallsgap
prevents the indoor tenperature fromrising; consequently, the enhanced
ef f ect below thafikst {qvekinmacold ¢lipate maging: evsm IbhE auisid afdemprapfurssinfortunatelppl v
air and exhaust air are stopped. In this manner, because it is possible to
cr eat e fllsdrbrrito e teAperptarestt vl frocaiag of thekesiorchrnee elamed| wonbdibe wher ei n
both the supply .air. and exhaust air are tenporarily stopped, which has a
strong l’ﬁuf@é?nt%’ﬁ“lphlmdtf??qoﬂé leveld @ath pst ghe ﬁrﬁ&rpq?é%ﬁnh&kt(ﬂﬁ’aﬁelén%‘ke%ﬁ@ thef r eezi ng
of the heﬁé exchange el%nent is effectively achi eved, The heat exchanger

i

uni P aduBIdsiafdemperaiurg ialls below theesepondlevst theaaepnd fiskre inhibdseairolgneds 195 O ai m
1, further proyjded with sypply..ai.r, fan incorporated in the supply air
passag&Xeid ¥ lcgﬁﬁafe%hena?he #@ﬁ gf, r@ﬁﬂ;lsag freezing of theheabxehange egmensassage.
Furthernore, the control unit intermttently operates the supply air fan in

the first freeze inhibit control node, and intermttently operates the
supply air fan and the exhaust air fan in the second freeze inhibit_ control
de. 20 Herihis mapfey in pdditiomto the Hyst freezs inhibif eantionode that gxegiyes whethghen
outside air tenperature falls belogw the first level (first freeze
i nhi bi Putsileraitgrmperaye falisbelpwthe fingdlevglpepond fresze inhipitcontiel medehpstbeen r f an
are operated intermttently when the outside air_ tenperature falls bel ow
t héO0sedSHEY Pravided thabexsrites Wasn the pysids pir tengpergtyte f ow g seseed leveli me span
arises in the second 25 freeze inhibit control node .in m?%;h bqég Lhe
suppl y CAPIeausndyt e Peesen et eashanggraindivahiete appropriatelyiphipk fieegipgoigthe heat

i ndoor space rises, and flideezi ng of the heat exchange el enent is
ef f ect ie\!;gl}ayge element even in cold-climate regions.

The heat exchanger unit according to Claim 2 is the heat exchanger unit according to
15  Claim 1, further provided with a supply air fan incorporated in the supply air passage; 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

20  control mode.

Herein, the supply air fan is 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

25  air flows by the exhaust air fan; therefore, only the warm return air of the indoor space passes
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i nhibited by the conparatively warmreturn air passing through the heat

. exchange el enent when the exhaust air subsequently flows. 5 The heat

exchanger unit according to daim5 is the heat exchanger unit according to

any one claimof Cainms 2 through 4, further provided with a casing. The

casing has 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. In addition,

t he casi ng houses the heat exchange el enent. The supply air passage extends

in the casing fromthe first inlet to the second inlet via the heat

exchandirousheibe heat exehangselement, andsithe ¢pld quisidg air @edenggspassestthroughiiehgatt r om t he

first outlet to the second outlet via the heat exchange el ement. .

Fur t heckehaage elgmentefprordingly dhe beat gxchangeglemeny é@r%élpﬁé%wntth%sw}mr fan| et of

t he supfly airﬁgassagg_and t he heat exchange el enent. Herein, because a

t enper stoppeviaibeosupply i andicybanst #ir flow by diapcyion pf btk Sansdfseezing of thetheatul ar 15

between the first inlet on the outdoaor space side and the heat exchange

el enentexchenge ¢lemprty whigh és weleddy thagntside indeinhditgdt ect the outside air

tenperature. A heat exchanger unit according to Caim®6 is arranged between

t hedi ndoor space and the outdoor space, and can perform heat exchange and

ventil ation. The present heat exchanger unit is 20 provided with a heat

exchange el EHEPRIMOEE, ¥ithdntgrmiftent oneratignyin the seeepd; freeze Anhibip gentrol modg

tenperature sensor, and a control unit. The supply ajr _ passage is provided

to suppk§euigd wheg the putside,air tsnnpraure fidlshslow the é?ﬁszﬁgiﬂva, aishyis lopyes therithgust ai r

passage i s provided to exhaust air, and is routed via the heat exchange
enentlirstievel ithspracentage of dmp dhst thesupply gir danis stoppxt is greater thapdhgsef at ure of a
rtion of the heat exchange el enent. on the downstream si de of the exhaust

ai r 25 ipteEpittentiopsratianindhe fifst freeze Antibit pepjrobmodaLCanseguently, sven i theey is@rs t he

tenperature of the portion of g t he heat exchange el enent on the

dovifist rapased Hek fithe entside pis tempegatyre falling balow thg sependdgvel apdithe heptexehangs

tenperature of the exhaust air that passed through the heat exchange

el enentclemenbireesing Grezing of thodsatiexchangerelenant pilbhe inhbifed Beeausche Here it de,

whi ch inhibits freezing of the heat exchange elenent if the tenperature

det ect evhighythe heategchapgeelement duepolsd by dhe gutﬂgr« 8ik(the timedhat ths upplyirfag1s

executes a second freeze inhibit control node, which inhibits freezing of

the hedPeRipRfiYshetent nore strongly than the first freeze inhibit

control node, if the tenperature detected by the tenperature sensor falls

bel ow a second | evel, which is |ower than the first |evel. Because the

hum dity of the indoor space is_generally higher than the, outdgor space, a

10 Pr eezi ng TR AR FEHISASE R RgCosding F%Cbﬂ?gilﬁﬁe#att%@‘%égt“néﬁe%ﬁlgé Q| enent

on the qomnstreanlside of the gghaust air flpm/(the.por}ion nearer to the

out doorClRIBLEVIFERR i canirelyngfprther perdorms jpigsmittentqperation pf the exbavsicaitdan funt |

which fornms a portion.of the suypply air passage and the exhaust air
ssag ,e?¥%@¥§§?°Pﬁm€UﬁPPQ o‘fn t he conventional art, the judgment about

ther to performoperations that inhibit freezing of the heat exchange
el enent is made by detecting the 15 tenperature of the outside air that

passes throygh .t he suppl ir sage, and conpari.ng that . tenperature to a
b edot er m nathviEya e Kot foser BB HawSlfoede HCTuRb AR eian oL SIS Akl o
to 20 fan is 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



jddge based only on the outside air tenperature whether the heat exchange

. element will freeze, it is therefore preferable to nake such judgnents
based on the tenperature of the portion of the heat exchange el enent on the
downstream si de of the exhaust air flow, i. e., the portion that tends 20

to freeze easily. Taking this into consideration, a tenperature sensor is
arranged herein in order to detect the tenperature of the portion of the
heat exchange el enment on the downstream side of the exhaust air flow.
Accordingly, rather than the conventional technique that estimtes the risk
of 25 pfbemdegr grace, fcering of By bpat sychapgeslement ininbibited by ke subseqnans exhaust
tenperature, the risk of freezing -9 of the heat exchange el enent can be
j udged@®ased on the tenperature of the portion of the heat exchange el enent
on the downstream side of the exhaust air flow, i.e., the portion that is
expected to freeze first. Enabling the risk of freezing of the heat
exchange el enent to be judged nore accurately in this_manner reduces

mal f unct i onEuthermoreywifthe supplytay is plepped and jash fhe cxbastair Bewsvsaty aAbeneeded, or
not startjng freeze inhibit operation (freeze inhibit control node) despite
t heS f aoutsidgair of the quidoor enase e theandagp prace threyebagap prevents shedpdeari ng fr eezi ng
of the heat exchange elenent to be appropriately inhibited in cold-climate
r egi ondempemtyrg fopeRsiae conseruentlynthe snhaneed effest of iphikising disezing spanpldhgper at ur e
detected by the tenperature sensor; when that detected tenperature falls
bel ow &bigiredas when brth thesypply @friapd exhaggtain are stapped; r st freeze inhibit control
node is executed, wherein freezing of the heat exchange el enent is

inhi bited; and when the detected tenperature falls bel ow the second | evel,
ai ch is lower than 15 the first |evel, the second freeze_inhibit_ control
node is exeluthisgnangsy bacayss b isRasghlg|tg creatsiasopdition indhe prrondfreczediibif v, af t er
the tenperature falls below the first level in a cold-climte, region, even
i f 10 he comtrad @rode yrhereyt bath thesypply gt ad exhaustpinare tsperasiestapRedevhich fag 4o
downstream sj de. of the exhaust air flow unfortunately falls as far as the

t enper Stepgeifestindphibitiag &reszing offhe beat exchange Remsnt: frrezing f thehept£AgRAEE enent

is insufficiently inhibited with just the first freeze inhibit control 20
mode, WiFBIENt s stfedtivilyaachieved falIs bel ow t he second | evel the second freeze
inhibit control node is executed, which strengthens the effect of
inhibiting the freezing of the heat exchange elenent. In this manner, in

addition to the first freeze inhibit _control node that ex_ecutedsj W{]en t he
ng to

The heat exchanger unit according to Claim 4 is the heat exchanger unit accor
15  Claim 1, further provided with 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.
20
Herein, only the supply air fan is 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

25  freeze inhibit control mode in which both the supply air and the exhaust air are stopped, the
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tenperature detected by the tenperature sensor falls below the first |evel
a second freeze inhibit 25 control node is provided that executes when the
detected tenperature falls bel ow the second -10 | evel ; consequently, the
present heat exchanger unit can appropriately inhibit freezing of the heat
exchange el enent even in cold-climate regions. The heat exchanger unit
according to Caim7 is the heat exchanger unit according to C aim6,
wherein the tenperature sensor detects the tenperature of the exhaust air
in the exhaust air passage qon the exhaust air flow downstream side of the
heat eleapsrigEe af bgdndoor speeerises, 3ddrpgzag of thehsatexehnge demenis elechvelyi ded
that detects the tenperature of the exhaust air at thecgortion of the heat

exchaniiibited ki Hie OMPeratively WL refum aly passing thronghdhehaabexchpmee slemengihen e
tenperature of the portion of the heat exchange el enment on the downstream
si de otherexbaustapgbscauentlt flows- can be accurately deduced. BRI EF EXPLANATI ON
OF DRAWNGS FIG 1 is a general layout drawi ng of the heat exchanger unit.
15 FIG 2 is a schematic drawing of the constitution of the heat exchanger
unit. FIG 3 shows the operation status of the heat exchanger uynit with
resbect to tpeheghexchapgenpmt acepisdinedo qlam Fisthe heat exchangen upihascordReiRiany of
the constitution of the heat exchanger unjt according.to the fqourth

enbodi ARG Hlaimef Grimsrihrayeirdebsharmraded wdh a eaggoiTRERASingas gdisst gt ifger
unit 5 according to one enbodi nent  of thg,qresent inv?ntion s linked to an
ai 1 coff§PRY Bt Op e utdogesrareside. AR A SsreBA ISt and Adirstoufletandhe BdoerTPRiCHer to

ventil ate buildings and 25 variqus facilitjes. sho in FIG 1, the heat
6Ch an%é? Ip additien, the-casing ,hgus(e(s_,tl{e atrﬁxggaéllgg ef_elpfnt. The supply air passage extends in

the casing from the first inlet to the second inlet via the heat exchange element. The exhaust air
10  passage extends in the casing from the first outlet to the second outlet via the heat exchange
element. Furthermore, the temperature sensor is arranged between the first inlet of the supply air

passage and the heat exchange element.

Herein, because a temperature sensor is provided in the supply air passage, in particular
15  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.

A heat exchanger unit according to Claim 6 is arranged between the indoor space and the
outdoor space, and can perform heat exchange and ventilation. The present heat exchanger unit is
20 provided with a heat exchange element, a supply air passage, an exhaust air passage, a
temperature sensor, and a control unit. The supply air passage is provided to supply air, and is
routed via the heat exchange element. The exhaust air passage is provided to exhaust air, and is
routed via the heat exchange element. The temperature sensor is provided to detect the
temperature of a portion of the heat exchange element on the downstream side of the exhaust air

25  flow. This temperature sensor may be one that directly detects the temperature of the portion of
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enbodiment is installed in places |ike above the ceiling of an indoor space
. Sl that is to be ventilated inside a building, and the duct 31 links the
i ndoor space Sl to the outdoor space SO outside the building. The heat
exchanger unit 5 exchanges heat between the return air RA fromthe indoor
space SI and the outside air OA by the heat exchange el enent 11, discharges
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 ventilation
oper at thsheatiexehange elemertraribe downstiears stdgiof Hlesxhanst fivflaw: oranaysheonedhadi nar y
ventilation operation by using a bypass passage. 10 CONSTI TUTI ON As shown
i n FI Gdetects thigdernpegatugs,od Hm@éausmnhaspwﬁxﬁ@maﬁ the heatmxehange elgmentsiThe 10,
whi ch includes a supply air passage and an exhaust air passage; a heat
exchangentel apiéexecutes p 5 Sgedcrinhihis consrl odgs whiple inhibits fiscaing ofibe begii ng 10; a
supply air fan 12; an exhaust air fan 13; and a control unit (not shown).
15 Thecxchangeglengent i thitempprabie detecded Bethy tempezatung sensor flle pelpwe fystdeydhat
houses the heat exchange el ement 11, and has a first inlet 10a and second
out § et andexegites neecond fepze inhibiteongol mode whighdnhibie Freering ofitles hepbexchengea fir st
outlet 10c on the indoor space SI side. The supply air passage is a passage
t hat eglemgetgnere sapnalyithan thedfirst frgeage inhibikcontol medes Hdbmigmpptatire delected by t he
heat 20 exchange el enent 11. The exhaust air passage is a passage that
ext endtherteraparaties sengos falls belost a secord lewels wWhick sdower ther thedirstdeyeli a t he heat
exchange el enent 11. The heat exchange elenent 11 is a so-called total heat
changer, having a structure wherein the nmutually orthogonal flow passages
e alternately | ayered. The fl ow passage in_one -12 Furt hernore, the
det ecti on r Beeausesthe humiditytof thecdpdaor space ésgeperally higheri than the putdeer spaee. dut si de
air tenperature, are used as a condition when the control unit execute the
f r @z e fieepingphenemenandiccyrs gethe gertion of thethset xghasge clementrn thardewrsygem sideuni t
of the heat exchanger unit 5 controls the operation of the supply air fan
12 andof the cxbavaipit flow (the pertion nparerde theoutdaor spase havieg ¢ v dieteaperapheyiésul t s

of the tenperature sensors 51, 52. )
the heat exchange element, which forms a portion of the supply air passage and the exhaust air

passage, freezes. In contrast, in the conventional art, the judgment about whether to perform
operations that inhibit freezing of the heat exchange element is made by detecting the

15 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

20  to freeze casily.

Taking this into consideration, a temperature sensor is 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

25  freezing of the heat exchange element based on the outside air temperature, the risk of freezing
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10 NORMAL VENTI LATI ON CONTROL MODE The control unit of the heat exchanger
unit 5 executes normal ventilation control node based on the indoor
tenperature and the outside air tenperature detected by the tenperature
sensors 51, 52. In cases where there is a linked air conditioner 20, the
normal ventilation control node is executed taking the operating status of
the air conditioner 20 into consideration. In the 15 normal ventilation
control node, the heat exchanger unit 5 switches between the heat exchange
and ventilation operation and the ordinary ventilation operation. Wen the
suppl yokihe heal sxalpngg elenaci sam be Bidged basedion %ﬁ‘ Enseature oF theortingeatdhs sat of t he
heat exchanger unit 5 starts in heat exchange and ventil ation operation,
t he refXshangs;slenmeat pp Hiedlownptecanrsideefdhe exdgagt dirdlow, de5 thelporiqnthd 1% he casi ng
10, passes through the heat exchange el enent 11, changes into exhaust air
EA, anérRestedieteize &% from i nside 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 el enent 11, changes into supply air
SA, _and is discharged fraomthe heat exchanger unit 5 tq the indoor space
S5 25 - 14 Engling i sk o8 F%‘iﬁ%"ﬁh © hent SFGhaRgT LT i brgudgrdangre aFqurgielysage
i nside, the casing 10, and the LLOWL assage in the other direction js
i ncor pYyhisdrrnngr reduces matfyagtions ke sy to frepzedniifit opgrationywhen notpeedsgn |
air fan 12 is, arranged._on the downstream end of the supply. air passage, and
i s opePaiddtasing frrsre inhibitapestige (figeze whibitconirelfaods) degpite tedpctthad thy into
the casing 10. In additjion, the exhaust air fan 13 is arranged downstream
t he SxshARgrSlemgnt 1S fzreaing chusienabling fxesging of thedisat sghangg lemepttobst urn air) RA
side the lnqoor_sg ceﬁgl ihat is to be ventilated flows into the inside
of t he 2RISRl tnbitiisrin eRldclipate regipnset 10c. 10 In addition, although
omtted fromFIG 2, the heat exchanger unit 5 is provided with a bypass
passage used when performng ordinary ventilation instead of heat exchange

and ventil atign. The_ danper (not shown) sw tches between the passage
t hrough t heFWEhermesecihs fefar éﬁ@ﬁr@mﬂ% fyﬁéew&é%rg dﬁf&%@éé@ thejtgmperature

e 2k R aE Ml b SATBB e P R o
ventil ?rteicz%r%ﬁhigirt cgr{trdoil mody isvegcgélitl , t“;hgrrc]ain éesezisng%var&lc heat exchange element is
inhibited; and when the detected temperature falls below the second level, which is lower than
15 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

20 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

25  control mode is provided that executes when the detected temperature falls below the second
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in FIG 2, the tenperature sensor 51 is arranged at a | ocation where it can
. detect the tenperature of the outside air OA (nanely, the outside air

tenperature), before it passes through the heat exchange el enent 11
Specifically, the tenperature sensor 51 is arranged between the first inlet
20 1 Ga of the supply air passage inside the casing 10 and the heat
exchange elenent 11. In addition, the tenperature sensor 52 is arranged at
a location where it can detect the tenperature of the return air RA, nanely
the indoor tenperature, before it passes through the heat exchange el enent
11. Splkewek pongequently, the nresepheat exchangsnywit casvappropgatelyipliit fioering of thpbeati r st
outl et 10c of the exhaust air passage inside the casing 10 and the heat

ex changpchangselgment gvendn coldglimalqaggioBcchange and ventil ati on operation
vari es according to the operating conditions, such as cooling in the
sumertinme, heating in the wintertinme, cooling when the tenperature of the
out door space SO is_|ower than the indoor space SI, and heating when the
t enper at ur e st haahexchenagpumit agsardingdo Glanmn istths hah axchanger ppitiacserdingioe SI: t he
foll ow ng descri bes one exanple of 5 such operatign. In a case where the

i nddor Cigia e Whereinsthe temnstatyrg senser detectsthe femperatur ofthgpxhayst ajf in theeriatoner
20, the heat exchanger unit 5 exchanges heat between the 20C return air RA
and t hair pessegstoy; thecdapst @i floypdovgrstrsam gide of hsihgatgxehangg element nserts the 15C
supply air SAinto the indoor 10 space SI, operates the exhaust air fan 13,
and di scharges the 5C exhaust air EA into the atnosphere (outdoor space
SO . Thereby, the heating operation duty, cycle of the air conditioner 20
ecreases, HAEIREGAYSE LISHPERPES SFRSQrds p@aw@aéhat fefectsthedsraperatire of the cont r ol
it of the heat exchan%er unit 5 judges fromthe detection 15 results of

the tefHEpsiaib thegeeno e,heaze&cmgeﬁgﬁr@né%ﬂwomrreanb%d%%fﬁhﬂewust air
performng ordinary ventilation instead of the abovenentioned heat_ exchange
and0 veflev} the tgmperatyre oftheqorion of dhehgehexchangsielemestpn the dewnstesamotidasofdheli nar v
ventil ation gperatign using the bypass passage. In ordinary ventilation
oper at PHRustiandloy ap heaceyratelydedygedse heat is not exchanged with the return
air RA, is taken into the indoor space SI. 20 FREEZE | NH BI T CONTROL MODES
To inhibit freezing of the heat exchange el enment 11 when the outside air
tenperature falls_below -10C, the control unit of the heat exchanger unit 5

execut BRIEFEXPLANATION OFDRAWMGS t control nodes depending on the
outside air_tenperature. These two freeze iphibit control nobdes 25 are the
G 1 B EenceR) Bt o B

first freezEl Yout drawing of the RepbexcBISALIHY eeze i nhibit control
de.
mo ISe 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.

20

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

25  various facilities. As shown in FIG. 1, the heat exchanger unit 5 according to the present
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-15 The first freeze inhibit control node inhibits freezing of the heat
. exchange elenent if the outside air tenperature falls below -10C. In the
first freeze inhibit control node, the exhaust air fan 13 is continuously
operated, and the supply air fan 12 is stopped for the first 15 m nutes of
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 below -15C, the second freeze inhibit contro
node inhibits freezing of the heat exchange el ement nore strongly than the
first emeedimentds instelled in nlanes Hke aheyathe ceingiof a@@@@ﬂ@pae%%lztbatum%m t control
node, the supply air _fan 12 and the exhaust air fan 13 are operated
inter rﬁ’ertlé*ﬁ?CF ipside g baildingiand the dichl dnks dheindeqr)spacei S te the oytdephpace @z e
inhibit control node, the supply air_fan 12 and the exhaust air fan 13 are
hal t edoytsiflc 8w buildingekhe Imje&cgmebm? 2exchanges heat betyepr theprefpry aigRASTaR nut es;
this o§§nation i's gerforned,repetitively, and is hereinafter referred to as
the sesiedaspsanage Shand thepufside ais Ophby thehieahsxplpngs plererisl 1, fischaggesthence to
FIG 3, how the operating conditions change when using the two freeze
i nhi bi FetwBRirRe thihe eutdops ipaceS@ (rxhaustair Bggrandthan dehiverp ppsbedirexchasged n, heat
exchange and ventil ation operation 20 because the outside air tenperature
i s | owputsidpair Qinisée the dndoos gnase B1 assuppli@irde b pdditiemiottis &ypeipd henlt si de ai r
tenperature; the first freeze inhibit control node is executed when the
out si dexchppgeraadyentiationcoperation, the heafexchguger ynik sy alse perérmi the Bl oper at i on
of just the supply air fan 12 begins (first operational node). -16 Duri ng
he fi PEUNAEHENSHALOR QPCIABRILDY RHRE HOMPISRASILE. t enperature is conti nuously
i‘nitored, i ncluding the 15 m nutes 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
o, E&NSH&IHFIQ e heat exchange elenent 11 is alleviated. However, if
the outside air tenperature is too low, it is conceivable that freezing of
the heat exfnshpye BRGehtthaheat exchangepunit 3 pricipally Gomprises  asigg 18puhigh i onal
node. Therefore, when the outside air tenperature falls below -15C, the
cont r oinclides 2 HpPhsaieRassase pathabexhapd arpasees; pdissiexrhamge plemeainklrhoussdie and
executes the second freeze inhibit control node instead. The shift from 10
the fi thswcentepeizbe insideiof thecating 40: afymrly el fin b2; 98 cobrpstaieian d 31 adiasiontrelont r of
node is forced, even if the first operational node is in progress. The
secondUBihEIAEIIM npde repeats a cycle of 60 minutes of halting the supply
air_fan 12 and the exhaust air fan 13, followed by five m nutes of
opééation. Ther eby, because 15 ventilation operation is halted continuously
t he i.ndoor tenperature rises duri

Cons 28u21 nt F@ﬁ? Gasig 18;5%%%Rpa?rl@ﬁtetr%m&magreﬁ%lmpq X xtltggtﬁ@ﬁﬂiieéngﬁeaheﬁ*ed, t he
S D . o R S AP o SN L
the. t oHBENEH GSEXBABH B85 OF oD SR SBRALACEnesuBBr gr
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 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
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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 tenperature continues to be -13C or greater during five m nutes of
nonitoring, the control unit shifts fromthe second -17 freeze inhibit
control node to the first freeze inhibit control node after operation of
the supply air fan 12 and the exhaust air fan 13 during those five m nutes.
In addition, the outside air tenperature is continuously nonitored in the
first oper afurthgemors, thedetectionresulis afihe fernerasute sensebhl, N&Fé‘tﬂﬁqmj theigsidghet her
to return to the usual ventilation operation based on the continuous state
of t hedibiemperatiirare wsedaep senditorguhendtge aontiol pjit exccpie thfeeeze inhibitfontrak suppl y
air fan 12. Concretely, if the outside air tenperature is higher than -8C
for fimedesiaydewsibedlatesnger during 45 minutes of operation of the supply air
fan 12 in the first freeze inhibit control node, the control unit pronptly
shifts fromthe first operational node to 10 the usual ventilation
oper ation. CHARACTERI STICS OF THE HEAT EXCHANGER UNIT In the heat exchanger
unit S5CONTREL present enbodi ment, the control unit nonitors the outside air
tenperature_detected by the tenperature_sensor 51; as in the conventional
art, when 15h¢geatrglyndt ¢fdheheat ¢ BERjE & coniralsthe epesafion ¢f theBPRIY AR | evel
(-10C), the control ,unit executes the first freeze inhibit control node,
whi ch 1 h#dthe sxhapgiei fag 13 pased en fasiars ke s delectionarais of the temperaiHien t he
outside air tenperature falls below -15C, the control unit executes the
econdsemp@e?b I2nhi bit control node, which nore strongly inhibits freezing.
Specifically, in the first freeze inhibit control node, the first
operational node is executed, which tenporarily halts only the supply air
fan 12; in the second freeze inhibit control node, the second operational
ol | EIO&MéhtVe'@NTMTéﬂNt%%ER% MQ%I ts both the supply air fan 12 and
the exhaust_air fan 13. In the |atter second operational node, because a
time span (Bee sAnfalwyhofihe heat exchanger ppit B xorutes aomnab yenfilation copfioldneticust air
are stopped, the_ tenperature of the 25 indoor space Sl rjses and, when the
exhausbassd pn the 1mdaos Emperatyrg aad theiuisiderairdemperairedstertadbyiag tempesgture ot yr n
air RA passes through the heat, exchange el epent_ 11, effectively inhibiting
freezi PESYF S{y2- Hb‘é‘@ese‘x%%ﬂ’ﬁ@ is p dipkest air qonditioner 20, the normal ventilation control

mode is executed taking the operating status of the air conditioner 20 into consideration. In the
15 normal ventilation control mode, the heat exchanger unit 5 switches between the heat exchange

and ventilation operation and the ordinary ventilation operation.

When 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 ventilation operation, the return air RA inside the
20  indoor space SI is sucked into the casing 10, passes 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
exchanger unit 5 to the indoor space SI.

25
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Using these two differing operational nodes to effect freeze inhibit
. control increases the degree that freezing of the heat exchange el enent 11
is inhibited; 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
operational node i s executed by the second freeze inhibit control node.
Consequen t he, heat exchanger unit, S appropriately |nh|b|%s freezi ng of
10 t he® sélreazleﬁ%ﬁg%c@%#smn § SERPBHAIT PASEage 40sids the pasineelds apesthe 8ewonp
EVMBODI MENT To prOV|ge a, significantly duﬁéerent degree ,of |nh|b|t|n
fr eezi PRPS3E hEhsrothsr disiion ignsorparatedin fhesxbaist %lﬁeaSF?gce{lSle‘p@P sesingnk) m)de in
the first freeze inhibit control node and the 15 second operational node in
t he second freeze inhibit control node in the above first enbodi nent, the
first operatlonal npde tenporari]y halts just the supply air fan 12
wher eas t he BEWBRY adan 42 ascﬂxepgmxethﬁ é%eﬁtrgamwydﬁ&thwumﬁy ﬁlrp#éa&%MI;s air
fan 12 and the_ exhaust, air fan i.s al.so_concejyvabl e
whet ei APErgE %&@Pﬁﬁe ghfsidg élﬂ%f-frf’eﬁbeﬁasf g IQB%P‘é@ e ﬁw&ésm 1¢-Ha aﬁ@a?n
exchange el enent 11 and the ability of the air conditioner 20 t n1the
indoorgeﬁzdeaélssﬁlr aleé lemﬁ%ﬁquganﬁsmeﬁmusgeeaﬁaagape&d& PIEFH%PF‘? Ot i s not
needed. In such a i.,s.al so possible to set t oIIo ng t ype of
first fealAewmainRA e mlnqeaaépaaggl Bad b Yeeeiaéﬂ*i ids !t rode.
-19 In the ond. epbodi , just the supply air fan 12 |s tenporarily
oppeHwF%?n%f%gEHéP% ﬁ?ﬁ@gyb centage of time in the first freeze inhibit
‘i&ntrol node and the second freeze inhibit control node. In other words,
t he exhaust air fan 13 runs continuously in the first freeze i nhi bi t

con r ol as in the sec freeze inhibit ntrol de. Further,
é ng oper g‘t‘%dﬁloflnalflﬁég}é‘é‘%ﬁg 2; tﬁ?ﬁ?‘ﬁ‘?ttex gffrb‘F“ ﬂErOV’c “ﬂte‘racent age

of ti that the sup fan 12 is halted.is ter than during

oper a?gli??sﬁ PASPage “F‘idr‘g?gnf TRIME QFHRATY V@Bﬂi‘t}o&mﬂi?gé’efl%%ﬁx &‘b%d, with

operation.in t irst freeze inhibit control node ocatjon is 15

m nut e¥eTsiation, ?het éweam?t Sho R AHEes %Ftwes%ﬂ&tnabﬁ%gq @F@lgﬁébe ft%e&chwy air

fan 12;. in contr%§ during operation in the second freeze inhibit control

mode, phyment 11 pnd the bypass Bfnutes of halt tinme and 10 m nutes of 10
operation tinme for the supply air fan 12. TH RD EMBCDI MENT In the
abovenentioned first enbodinent the start and cancellation of the first

55 b B R s TSR by 0,
2350%%“ TR ERLE RN WL T Y
in FIG. 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 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 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 outlet 10c of the exhaust
air passage inside the casing 10 and the heat exchange element 11.

25
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tenperature detected by the tenperature sensor 52, which detects the indoor
. tenperature. In this case, the risk of freezing of the heat exchange

el enent 11 can be nore accurately estinmated, naking it possible to nore
appropriately tinme the start and cancellation of the first freeze inhibit
20 control node and the second freeze inhibit control node. FOURTH

EMBODI MENT The heat exchanger unit 6 according to one enbodi nent of the
present invention, shown in FIG 4, is installed for ventilating buildings
and various_facilities, and is linked to an air 25 conditioner_or operated
i ndependent Hgat ex¢hapgeandaientilationopegation yarigearcoiding to thensraing sonditionsde, - 20

t he heat exchanger unit 6 exchanges heat,K between the return air RA fromthe
i ndoor Sush 28 soddngdm theisHmmertHag, deatingin the wiptertae, Keakingwhendhe terpertar ol 11,

di scharges the return air RAto the outdgor space SO (exhaust air EA), and
del i ve® outdoonspage H@as loger tham thedndnor spage Shiapd bpatingwhen the temperaiiredfdbe si as
supply air SA In addition to this type_of heat  exchapnge and venti] ation
oper at PYHAeer sBageryid1s higher than thedndaos spase Stiihe foflowing desarpes ang eempief usual
ordinary ventilation operation using the bypass passage. CONSTI TUTI ON As
shown FYFROPESALAN.  he heat exchanger unit 6 principally conprises a casing
10, which 10 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 exhayst air fan 13; and a control unit (not
shown). Th eYI’c%‘F?é? Pogreitsindgorspree SA & hegteddn thepyaniseipe @?&%ﬁm ediorent 11,

and the supply air fan 12 15 are the sane as in the first enbadinment. In
edi t i eepdiggne 2, dhe hsat exchaneer Wt Fershanges beat bafween the 202 gtpm g RA gnd the

ovided with a bypass %assage that i s used when performn i nary
a

_ N .or

vent i | 81G o¥siinar 84y opsratse e SERRIK a1 dan DondnSRHIEI 1T wplm%sfgyﬁa B age
and the passage that passes thrqugh the hea xchange el nt 20 11 are

swi @ ch&Rfch I’QPEF&%QP Wt%‘ﬁgﬁbﬂ?’: ‘“ﬁf*l? &iehd %éﬁg’ﬂgﬁr%ﬁﬂﬁer unit 6 is
equi pped with two tenperature senspors 51, 52 for judging whether {o perform
heat " oREHERRES iHiiopE LT S{D?-Jﬁl,eregy, ths Brafiag Aty quy Pl ‘%éh%la‘éc‘i”éiﬁt?élfe‘gt ure
sensorgag for judgi ng whether, tq eéec te a freeze inhibit control node

di scussefeTepsy ‘?negﬂﬁ'é’o!‘@'l%‘r"&tlﬁ’fc U€¥nsor 51 and the tenperature sensor 52

are arranged in the sanme manner -21

In addition, if the control 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 performing
ordinary ventilation instead of the abovementioned heat exchange and ventilation, it switches the
damper (not shown), and performs 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 SIL.
20
FREEZE INHIBIT CONTROL MODES
To inhibit freezing of the heat exchange element 11 when the outside air temperature 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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as 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 enment 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 arranged in
the exhaust air 5 passage inside the casing 10 between the heat exchange

el enent 11 and the second outlet 10d CONTROL The control unit of the heat
exchanger unit 6 controls operation of the supply air fan 12 and the
exhaust air fan 13 based on factors |ike the detection results of the
tenperature_sepsors 10 51, 52, and 53, NORVAL VENT| LATI ON CONTROL MODE The
control uni Thefirs fieszg inhibibsonirahmede inhibits freezing of; the heay exchangrgleneniifithat i on
control npde in the sane manner as the_control unit of the heat exchanger
uni t 5OWpide AiE tamnesature dylschelawn 110°G I trerfirstireep indibet confrRopdaytimeshast aitise t he
control unit of the heat exchanger unit 6 inhibits freezinq of the heat
exchanf® 18|ixprniinuqusly,pnerateds andithe surnly air fan s stopped far teiseitls aipytes ple
tenperature sensor 53 fal|ls below OC, tw differing freeze inhibit contro
nodds 8YEY e minttesy thisconeration ds prsformed mpetitiyelyy and isheranafiserefariga do asithese t wo
freeze_inhibit control npbdes are the first freeze inhibit control node and
the seliBhapeati®ampdmi bit control node. The first freeze inhibit control
node inhibits freezing of the heat exchange elenent 11 if the exhaust air
tenperature falls below OC. In the first freeze inhibit control node, the
exhaust 25 air fan 13 is continuously %p rated, and the supply air fan 12

is halted fBycapssaviyers e oytsidgia ferarergiire. zﬁs belew ol Cothe ascand dsczerinhibit

ierati on is perforned repetitively, and is hereinafter referred to as the
first epwiohmodnmhibilsdicezing ol e benigxshapesdementingre sEengly hen thedisstificrtsi t s
freezing. of the heat exchange element nore strongly than the first freeze

i nk bi %n%ébtrﬁopspl THetfe In the serond figprerihipit gontzal mode, the punpbraietantld@ad thel | s bel ow
-3C. In the second freeze inhibit control node, the supply air fan 12 and
the exfeaust aififan {3 are pperafed infgambently. A eplain;this marg conprPtely.dn theseeands nor e

o et ol LT K596 A b RIS a2 Bt o
ROkt HE S A B B L e SRS REC o o
rode, e Sl ok NPl NR N LD SRS bhiSaldhgd one change when using
the twiFPPILERe p
15
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 when the outside air

temperature falls below -10°C. Thereby, intermittent operation of just the supply air fan 12

begins (first operational mode).
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inhibit control nodes. 15 During the usual ventilation operation (herein,
. heat exchange and ventilation operation because the outside air tenperature
is low), the tenperature sensor 53 continuously nonitors the exhaust air
tenperature; the first freeze inhibit control 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 tenperature is continuously
nonitored, including the 15 m nutes when the supply air fan 12 is halted.
Because t heDuangiths ﬁ% iogerational mededsowgite pin tENCHYE dtconHButslyimenitorn ge
elenment 11 while the supply air fan 12 is halted in the first operational
node, BshdingghetS minuteseiiiendhe sipplyaitder A2 i haited jBecayse dhg coldoutsidgair Ofg
However, if the exhaust_ air tenperature further decreases,.it is,
concei 9egsmet pasathrevgheahe hept Sxchange aleagnt & wihils the supplpraiiitan 12 isdakest inghe
inhibited in the first ogperatiaonal npde. Therefore, when the exhaust air
t enper HstPReratignekmpds, soplingof therheateyshange clement Hasplevateduti on of the first
freeze inhibit control node and executes the second freeze inhibit control
nod® instead. The 5 shift fromthe first freeze inhibit control node to the
second freeze inhihit control node is forced, even if the first operational
node is in PPYEYEsiE thepsideainisapepRTaisitehiem: Hdveoncaiyahle thay freszingafiths s a
cycle of halting the supply air fan_ 12 and the exhaust air fan 13 for 60
m nut eBeat srehangrasieraent | 4 caniigt be,mbibitsd iry thg Sirstoperatianal meds. dibgreforg, Wisadhe e
ventilation operation js haItedpcontinuousL for 60 m nutes, the indoor
enper Q¥tside airjtenpreraipne; falls halgwe - k57 Gethe e%w@éawgmlﬁﬂemeﬂo heiETtifEERzof t he
haust _air fan,  13.is restarted, the_ warm.indoor return air RA passes
t hr ougHhtiecontigl mdeandrigecuissdhesreond freeze pitihgonirohmpels insigad. 1de shifJram ¢ he
heat exchange el enent 11. Furthernore, jn the_second oper.ational nmode, the
exhAust egfrﬁtgffeéﬁ%@ggmoeﬂ?lsm Pf}&séﬁpfﬂﬁqeﬁ‘élnﬁ&ﬁtﬁépﬁ?ld?%‘i%s‘% gsd 6endiir i ng
the five mnutes when the supply 15 air fan 12 and the exhaust air fan 13
are opediraipperationgl gadg dsinpregresioni t ori ng t he exhaust air tenperature in
t he second operational node indicates that the exhaust air tenperature is
rising and that the exhaust air tenperature continues to be OC or greater

during five _mnutes of ponitoring, the control unit_shifts fromthe second
20 freeze | AT O ONTAIORa FaRe reRRat e vEle ol 60 mlglétz%owﬂmi  UBRDI e de
after erating the s ly.air fan_12 and the exhau ir fan 13 for those
five midarobe ot Ehdi fOﬁﬂ‘éfe‘L?Y]QYFs‘E“%’#‘rs BRRIRHOR: TherShs, bedHes nuous y
nonitored, durin Lhe,fk&s& ) . . . .

15 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 outside air

temperature is monitored by the temperature sensor 51 during the five minutes when the supply

20  air 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 monitoring, the control unit shifts from the second
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operational node, during which tinme the control unit judges whether to
. return to the usual 25 ventilation operation based on the continuous state
of the exhaust air tenperature during 45 -24 m nut es of operation of the
supply air fan 12. Concretely, if the exhaust air tenperature is higher
than 2C for five mnutes or |longer during the 45 m nutes of operation of
the supply air fan 12 in the first freeze inhibit control node, the control
unit pronptly shifts fromthe first operational node to the usual
ventilation gperation. 5 CHARACTERI STI CS OF THE HEAT EXCHANGER UNIT (1)
Bec aus Begasdnhibigrontio) mede tothe firg érsezedphibit caytrql snode alterapesatipp ghike seppdyy t he
out door, space SO, a _freezing phenonenon occurs at the el enment exhaust air
downst A& fan Wondithmexhguss air fan kﬁ@}mailgi-bosprﬁvpr@utaﬁ- if the heat exchange
el enent 11, which forns a portion of the supply air passage and t he exhaust
air passage, freezes. In contrast, in the conventional art, the judgnent
about whether to performoperations that jnhibit ffeezjng of the heat
exchange el Bradditionsthe guisidgairdempgratyesis poptinyausl wmenitored indhe first peergipnal de aj r
that passes through the supply air passage and conparing _that tenperature
with amofeduriag whirbdimethe cont mimﬁ%%&h%é%m te fhe uswl veilational art is
unable to 15 judge based only on the outside air tenperature whether the
heat efRPHaHERDES £ canfinipyy state ghthg oufsidejayr terApsraiprs qurine 49 8HBMELOh 0 nake
such judgnents based on the tenperature of the element exhaust air
downst PREAMPAIThRPRlY 2 fam 12.({eoneeetaly, dlibp rigide @irderaparatire s fighenthan 8z es
easily. Taking this intq consideratiqgn, in the heat exchanger unit 6 of the
esenfordiyssunuener longep durng-drminuss of epsratinn ofdhg @pnmrfa?).lgm thedrstand t he
nperature qf. the el enment exhaust, air downstream pqrtion 11 a of the heat
exchan§&eas|iaipih eonfrol mode, {he saatyo] ynitropptly shiffy fropdthe Brst epsrefipngt mpggsto
tenperature of the exhaust air EA (exhaust air tenperature) that passed
t hiQugkeuseal YeRHatAn QPEFligst air downstream portion 11 a. -25  Thereby,
enabling the risk of freezing of the heat exchange el enent 11 to be judged
nore accurately reduces malfunctions |like switching to operations that
execut i.nhibit _conirol node when not needed, or not executing a
freeze%%ﬁﬂiééfﬁﬁHﬁFE%ﬁﬂﬁﬂ%EPH%%BEXE*PH%GFEéﬁ“Fhat t he heat exchange el enent
11 is freezjng, . thus enabling freezing of the heat exchange el enent 11 to 5
be appr opr i lp ¢ heat RRGHAPBSEATItR Of mecareqegfrf‘éw%@téﬁ% 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 level (-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
executed, which temporarily halts only the supply air 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 mode, because a time span (60
minutes) arises in which both the supply air and exhaust air are stopped, the temperature of the

25  indoor space Sl rises and, when the exhaust air is subsequently started, the comparatively warm
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(2) I'n the heat exchanger unit 6 of the present enbodi nent, the control
unit nonitors the exhaust air tenperature detected by the tenperature
sensor 53; when the exhaust air tenperature 10 falls bel ow a predeterm ned
| evel (0C), the control unit executes the first freeze inhibit control

node, which inhibits freezing of the heat exchange el enent 11; and when the
exhaust air tenperature falls below -3C, the control unit executes the
second freeze inhibit control node, which nore strongly inhibits freezing.
15 Speci fi cal inthe first freeze inhibit control mpde, the first

oper at teaﬁaplrﬁe%w%s throughthe lreat rehange elamental; effectixely inhibitibe fregzing pfdhs, ai r
fan 12; in the second freeze inhibit control node, the second operational
nmode @eaég@@g@@@e@ﬂtéh 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 during which both the supply air and exhaust
air are stoned the tenperature of 20 the jndoor space Sl rises and, when
t he exhaust Using these ol HeangAnciational medgs to ?fée%%?ﬁaaﬂﬁleb%WOMPWﬁ%eémﬁ n air
RA passes thr ough thF heat exchange el enent 11, effectivel |nh|b|t|n

frevzi MREST %trfeeeﬁéap @ﬁéﬁaﬁwa&ge%emﬁntﬂi is whibitgdimemely. even | §

operatlonal nodes tqQ effect freeze inhibjt control _|ncreases the 25 degree
that fleg@srage &Tllseﬁéarﬁég{e tempsratitd- 1 ehhire freezing ofihe heat exchapggrlepent oy en | f

t he exhaust ajr - tenperature falls as far as the tenperat (-30

where 1} eéaﬁulfi%clmﬂwﬁ@bﬁ%wst&wm@el@ FXerung the firy opgratiena mods, P‘iL‘]%F thfh hi b| t ed
by just repetitiyv e tin first operational e after, the
nper%?mﬁemfra? §%B%Woa)86%thQ%%°fgié&’8WH°%é'ﬁ’éﬂ%ﬂ‘§Fu FOBEESSCORGEFE | n t he
cond, fr eeze i hhibit, contraol uently, the exchanpger, unit 6
appr opishiitAoptr PHHP‘% Censeauensly the g?ﬁ%@%ﬁi {untg 5 @Pﬁwaﬁﬁégéﬁéhﬁwﬁeeﬂl gafen in
MODI FI ED EXAMPLE OF, THE FOURTH EMBODI MENT | nst ead of

col d-cl i e regi ons
t h&d abﬁ\‘?gg%trﬁ‘f’]?ﬂ%ﬁel?@ﬁ?}elrleﬂvﬁ?@@@T%lgflat?xﬁegﬂ%’ét detects the tenperature of

t he exhaust air that passed through the heat exchange elenent 11, it is
al so possible to use a 10 tenperature sensor that directly detects t he
tenperature of the portion 11 a of the heat exchange el enent 11 on the
domstSEQH@EMﬁpnﬁh@Mhaust air flow |NDUSTRIAL FIELD OF APPLI CATI ON

Use of the heat e chan ni.t..accqrding..t.qQ the _presen nve tion enabl es
t he appropr i 3PV fg‘iaflﬁ lf’i‘?fe“fa%gr?er‘%é@?‘h’&néfg%’ég E‘H‘&ﬁge el enent
even | coI Ilnate regi ons becaus 0 the fir freeze
nhi bi £ 1 detwesadhs Eonegat@z R dnm?efﬁ“?flﬁé “cFé? trplme % ur e

S belo a first vel, it new, rovid a sec d freeze

b1 Soepa Rt ianaLmoda giths scen it LS PRL Gt & oobavE Tre AePdrtnG

faIIs el ow a second |.evel
81 rst operagonal mode temporarily halts just the supply air fan 12, whereas the second

et

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 abovementioned powerful second operational mode is not needed. In such a
case, it is also possible to set the following type of first freeze inhibit control mode and second

freeze inhibit control mode.
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20 -27 CLAIMS 1. A heat exchanger unit (5) arranged between an indoor

. space (SI) and an outdoor space (SO, and that can perform heat exchange
and ventilation, conprising: 5 a heat exchange elenment ( 11 ); a supply air
passage that is routed via said heat exchange el enent (11); an exhaust air
passage that is routed via said heat exchange elenent ( 11 ); a tenperature
sensor (51) that detects the outside air tenperature, which is the air
tenperature of said outdoor space (SO ; and 10 a control unit that executes
a first freeze inhibit control npde that inhibits freezing of said heat
exchange el BriBpsecond gmbodimentgjugt the supphicainiap 12 apisaparagibestorped donsel ow a fir st
| evel , and that executes _a second freeze jnhibit control node that inhibits
f r eezi BgdefernyBedpenesatage o Wa ibthe fisstdiepze inhibit copgpl anadeapd theyseeand dreszg d £ r st
freeze ,inhibit control npode, if said outside air tenperature falls below a
secondinhihjiegontrahede. fnsothesjerds, fheexbapsy ar ffans|3 qupy epntingeusly infhefiyspapeze
exchanger, .unit (5) according.to Claim1l, further conprjsing: a supply air
fan (1zr‘fﬂhﬂrﬁ931trglomacéee% well asdn H@ﬁ%ﬁfwaw i eqpieol Boqs. BHERIHIRE Bl f an
(13) incorporated in said exhaust air passage; wherein said contrql _unit

i nter nPRYRHD ) theReponddcezsinkibil gopir mode, ﬁﬂsmel(ce&tzge Sfiirae, Pl the PP B85
inhibit 20 control node, and intermitteptly operates sajd supply air fan (
12) i nl1&halted s grepter thapAuring HP‘B?tt‘O”c'Br‘il't‘erfg‘ISt & iy lhcqytrﬁleme%ggwaawlw t
time greater than th?t of intermttent qperation.in said first freeze

i nhi bi WtBeRerRHPN Wghe firstireens dnhifit control mede dhe glipcatiquys 13 supytes offaltdiny aj m 2,
wherein -28 . Saio? control unit further perfqrns intermttent, operation of
ai d ehirsmingfes of gperptiopdtyme for the ypRly @y{an 17:de sentragh ARne RSB Msde. 4.

e heat exgchanger, unit (5) according to Claiml, further conprising: a
suppl yS%Ppd Sﬁ%e?‘%?'?lt ?%Eraf @eﬁatﬂéf‘oﬁlfj%atg% i§ 5 ppHss %fil&aﬂﬁagﬂs@gé,gr@ﬁurea exhaust
ai Eofan 13 incPr or at eld ir}siai'd exhaust air passage; wherein

operation time for the supply air fan 12.

THIRD EMBODIMENT
In the abovementioned first embodiment, the start and cancellation of the first freeze

inhibit control mode and the second freeze inhibit control mode are judged based only on the

15  temperature detected by the temperature sensor 51, which detects the outside air temperature;
however, that judgment may also be made taking into consideration the conditions of the
temperature detected by the temperature sensor 52, which detects the indoor temperature. In this
case, the risk of freezing of the heat exchange element 11 can be more accurately estimated,
making it possible to more 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, is 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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said control unit intermttently operates said supply air fan ( 12) in said
first freeze inhibit control node, and intermttently operates said supply
air fan ( 12) and said exhaust air fan ( 13) in said second freeze inhibit
control node. 10 5. The heat exchanger unit (5) according to any one claim
of Cainms 2 through 4, fiu~ther conprising: a casing ( 10) that houses said
heat exchange elenent ( 11 ), and having a first inlet ( 1 Ga) and a second
outlet ( 1 &) on the outdoor space (SO side, and a second inlet ( 1 Ob)
and a first 15 outlet (10c) on the indoor space (Sl) side; wherein said
suppl ythgiheatgaehanger uajtideazghanges heat betweer the return@ir RA Slemsthe éndppr space Sllaad (1
Ca) to said second inlet ( 1 Ob) via said heat exchange el ement ( 11 );
sai d etbngrkaustair Epdydbafecabschants clamenhi Y disgharaes the netym irdiA rethe ontdpen
outlet ( 1 Cc) to said second outlet (10d) via said heat exchange el enent
(11) ; spage SO (exhiaustmiror and delivers thepost-Bent Pxdhgnged ouisifischitfad irte thesiadeprf i r st
infet ( 1 Oa) of said supply air passage and said heat exchange el enent
(11) . ®aceShassuprly el Sy & addition teesl;)ls bive #f head exbangeeandvigatilatieroeneraigaale (Sl)
and_the outdoor space (SO, and that can perform heat exchange and
vent i | Bofe the keshexchangerunibe can alsaperions Hhgwaalgrdinaryrventilation opegationaisingpp| y
air passage for supplying air, and that is routed via said heat exchange
el enenthebynass passagexhaust air passage for exhausting air, and that is routed
via said heat exchange elenent ( 11 ); 5 a tenperature sensor (53) for
detecting the tenperature of a portion ( 11 a) of said heat exchange
el enent 11 on the downstream side of the exhaust air flow, and a
cont r oSCONYHITURIONexecut es a first freeze inhibit control node, which

hibits freezing of said heat exchange elenment (11) if the tenperature
det ect ed byAsghawnighber hithe keatexehanger By 6 pangipallyopprigesrd qasing 1 8ymdhich and
t hat executes a second freeze inhibit control node, which inhibits 10
f r Hbzi igludes asupplypitpasiage Rathyreexdpusiaipagsage ahesrexehange elageyt kiheyseddnd fir st
freeze inhibit control

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

-21-



node, if the tenperature detected by said tenperature sensor (53) falls

. below a second level, which is lower than said first level. 7. The heat
exchanger unit (6) according to Caim®6, wherein 15 said tenperature sensor
(53) detects the tenperature of the exhaust air in said exhaust air passage
on the exhaust air flow downstream side of said heat exchange elenent ( 11
). -30 . Ahy. Ah. Ah. A{ .A AU A A A A A AN AU A A A

JALCA(LALLA A A A ALAALA AL A A% H3GBXN(/  Di

C2pe el saapebionbe Fhabontcof sabpat iR Chetlashaak Ahars akisal ool o
*My?6R] 7] " | wmhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c, a] ca] ca]
ca] ca] @aq%} theiempeapey @aipsaanclal]a@a]hsatqeeteqxemw]m@tﬂm qn"l%f E%m@a@m&&- k'
r'(9%)}xsniid Z]c]]cal]calcalca ca%&g%ca]ca]ca ca] cal ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] 8idf ehihg sxeapicall Haw .t dateets thedpmpgratre ethe exhaugs i BA (hsreingfier theeonoo#11
11\ 221 323} 33>444} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca).ca] ca] calca] ca]ca]ca]ca]ca
] ca] caPHRpsATIsmpepME ceiically, thetempera Efaqee%qréé]lfc%{m%f 3RS BHBUSE G330k 99: a

<<=} >>passage@putbocesng ) betwpe the heat sycharachlangne 4] and tapecopd apdetlfd) caj ca) ¢
a)J ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! ChgDD6E=EEEFi FF/ GGG
HAVHHOI | | JIKKK@Q.LMVOMMVUNNNC} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] cal cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *OOOPIPPP_QvQ
y QQQQL UUUURVVW

VWP XXXAYYzupkf a\ ca] cal ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca] calca]ca]calca
ca]ca]caLﬂEgiﬁ@g%i5?L%@L%F%ﬁF%§P%%%%E% 68%@3%QW%%E%Zg%%E%@S%Tﬁ%@W}f\%@]}<A

J" " ahaal/ bXbbcdccl xsni d Z] ] c] ca] cal.ca] ca).ca] ca]cal.cal calca]ca]calca]calc

a] ca] ca%'i'f@é s é? @aie@é’]p]cfa%t%ra}l@a}*@a*}% %%eeﬁlseg}hﬂaé@e a@lsfe@]r@% <g]ggP]hh
hiiljjj.ku klkt - mmmSn[ nowr zr } xsni d_Z] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
]cé caf&ﬁ#%%ﬂ 'ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]calca]ca]ca]calzrrrtttZuuv
dvvwwxnxx)yy>zzz*{{{{[| || U }~~~$}xsnid_Z]]c]ca]ca] ca] ca]ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $z>7?| [ >

A
LFE}} XMWQH@HQ]%IQQ Q%J%M%a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
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ca%ga]ca]ca]pa]ca]ca]ca]ca]ca]ca]ca]ca]ca!So
(VEE1I +C xsnid_Z]]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]lca]ca]calc
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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 freeze inhibit control mode, the exhaust

25  air fan 13 is continuously operated, and the supply air fan 12 is halted for the first 15 minutes of
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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

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

minutes, and then operation is restarted for just five minutes; this operation is performed

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

inhibit control modes.

15 During the usual ventilation operation (herein, heat exchange and ventilation operation
because the outside air temperature is low), the temperature sensor 53 continuously monitors the
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
During the first operational mode, 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 element 11 is alleviated.
25
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The second operational mode repetitively performs a cycle of halting the supply air fan

. 12 and the exhaust air fan 13 for 60 minutes, and then operating them for five 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 temperature in the second operational mode
indicates that the exhaust air temperature is rising and that the exhaust air temperature continues
to be 0°C or greater 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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c Because the humidity of the indoor space SI is generally higher than the outdoor space

SO, a freezing phenomenon occurs at the element exhaust air downstream portion 11a, as shown
10  in FIG. 4, if the heat exchange element 11, which forms a portion of the supply air passage and
the exhaust air passage, freezes. In contrast, in the conventional art, the judgment about whether
to perform operations that inhibit freezing 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
temperature with a predetermined level. Nevertheless, because the conventional art is unable to
15  judge based only on the outside air temperature whether the heat exchange element 11 will
freeze, it is therefore 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 exchange 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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In the heat exchanger unit 6 of the present embodiment, the control unit monitors the

10 falls below a predetermined level (0°C), the control unit executes the first freeze inhibit control

exhaust air temperature detected by the temperature sensor 53; when the exhaust air temperature

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 Specifically, 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 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 mode, 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 subsequently started, the comparatively
warm return air RA passes through the heat exchange element 11, effectively inhibiting freezing

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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10%&’ 9)ins Hejcntly 1(xl}1b1,t e}ltlvg_l@m(ecu ing the first operational mode after the

temperature falls below 0°C, the second operational mode is executed in the second freeze inhibit

control mode. Consequently, the heat exchanger unit 6 appropriately inhibits freezing of the heat

5 exchange element 11 even in cold-climate regions.

MODIFIED EXAMPLE OF THE FOURTH EMBODIMENT
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
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.

20
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an exhaust air passage that is routed via said heat exchange element (11);
a temperature sensor (51) that detects the outside air temperature, which is the air
. temperature of said outdoor space (SO); and
10 a control unit that executes a first freeze inhibit control mode that inhibits freezing of said
heat exchange element (11) 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 (11) 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.
15
2. The heat exchanger unit (5) according to Claim 1, further comprising:
a supply air fan (12) incorporated in said supply air passage; and
‘ an exhaust air fan (13) incorporated in said exhaust air passage; wherein
said control unit intermittently operates said supply air fan (12) in said first freeze inhibit
20  control mode, and intermittently operates said supply air fan (12) 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 (5) according to Claim 2, wherein
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an exhaust air fan (13) incorporated in said exhaust air passage; wherein

said control unit intermittently operates said supply air fan (12) in said first freeze inhibit

control mode, and intermittently operates said supply air fan (12) and said exhaust air fan (13) in

said second freeze inhibit control mode.

10

5. The heat exchanger unit (5) according to any one claim of Claims 2 through 4,

further comprising:

a casing (10) that houses said heat exchange element (11), and having a first inlet (10a)

and a second outlet (10d) on the outdoor space (SO) side, and a second inlet (10b) and a first

15  outlet (10c) on the indoor space (SI) side; wherein

said supply air passage extends in said casing (10) from said first inlet (10a) to said

second inlet (10b) via said heat exchange element (11);

second outlet (10d) via said heat exchange element (11); and

said exhaust air passage extends in said casing (10) from said first outlet (10c) to said

20 said temperature sensor (51) is arranged between said first inlet (10a) of said supply air

passage and said heat exchange element (11).

6. A heat exchanger unit (6) arranged between the indoor space (SI) and the outdoor

space (SO), and that can perform heat exchange and ventilation, comprising:

25 a heat exchange element (11);
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5 a temperature sensor (53) for detecting the temperature of a portion (11a) of said heat
exchange element (11) 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 (11) if the temperature detected by said temperature sensor (53) falls
below a first level; and that executes a second freeze inhibit control mode, which inhibits
10  freezing of said heat exchange element (11) more strongly than said first freeze inhibit control
mode, if the temperature detected by said temperature sensor (53) falls below a second level,

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

15 said temperature sensor (53) detects the temperature of the exhaust air in said exhaust air

passage on the exhaust air flow downstream side of said heat exchange element (11).
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