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BATTERY TEMPERATURE ADJUSTMENT
UNIT AND VEHICI.E HAVING SAID UNIT

INSTALLED

RELATED APPLICATIONS

This application is the National Stage of Internatiorml
Patent Application No P(''/.IP2013/078526. tiled on Oct.
22, 2013„wluch cLaims priority to and all the advanm es of
Iapanese Patent Application No. JP 2013-115447, filed on
May 31. 2013, and Japancsc Patent Application No JP
2012-235035, liled Oct. 24, 2012, the con(cuts ol' luch arc
incorporated herein by reference

TECHNICAL FIELD

lhe preseilt inveiltion relates to a battery temperature
adjustment unit configured to pertbrm the temperature
adjustment and circulation of air in a module case acconl-
modating a battery.

l3A(uK(iR(RINDAR'I'n

electnc car or hybrid car includes a battery that stores
electric power for driving the velficle. There is a knov n -''

structurc of a battery module in wluch a battery is cooled
using a refrigeration cycle for ulterior air conditioning. For
cxtunple, In tin: baucry modules disclosed in PTL I and PTL
2, air cooled by passing through the heat exchanger of the
refrigeration cycle is transmitted to the battery using a
blolver. In addition. in the battery module disclosed in PTL
3. a battery is disposed m a module case and a heat
exchanger through which the cooling medium of the refri-
crauon cycle passes m providcxt in a module case. In
parucular, FIGS. 12 and 14 in PTL 3 disclose thc structure
in lvhich air in the module case cooled by the heat exchanger
is supplied to the battery

As described in the above related art. there are two knov n
stnictures (A) and (B) for coolin a battery using cooled air.
In the structure (A)„air sucl ed from the outside is cooled, so

transfclrcxt to the ba tlcry. and cxha us ted to Ibc ou I side. In the
structlllc (B), all 111 lhc ulodulc ctlse accolnnloihltln thc
battery is cooled and circulated. Yyhen air sucked from the
outside is used as in the stnicture (A), dust or lvater may also
be sucked. Since a battery is a delicate electronic part. the as

structure (A) is not appropriate. In contrast, since the struc-
nire (B) circulates air in the module case acconunodating the
bancry, there is not possibility of sucking dust or water. That
is. when thc heal exchanger for coolulg air is disposed in thc
battery case to cool the battery as in the stnicture (13). there
is an advantage of being able to separate the battery front
dust or water comin from the outside.

('I'I A'I'ION I I

S1'or

operating an clectnc vehicle or hybud car ulcludcs many
unit cells called battery cells and the battery lies a compli-
cated surface shape bccnusc the unit cells arc disposed, lor
exanlple, at regular internals. A sufficient amount of air
nimds to bc supphcd to such a baucry to eliminate an
insutficiently-cooled ~ection due to the retention of air on its
surface.

Accordingly. it is preferable to dispose a battery tempera-
ture ad)ustment unit including a heat exchanger and a blower
in thc module case accommodating the baucry and to
circulate a large amount of air in the module case using tlfis
uiut filr cooing. How cvcr, ul a structure in wluch all of thc
air nloved by the blower passes thmugh the heat exchanger,
air may not bc circulated satisfactonly due to the air-flow
resistance of the heat exchanger In addition, w:hen the
capability of the blolver is improved to pmmote the circu-
lation of air, the cost of the blolver becomes high

A battery may be heated to appropriately exploit its
capabihty. lllc heat cxchangcr to bc used ulcludes a heat
exchanger for coolin tint cools a battery by coo)in air. a
hixil cxchangcl fbi heating lhathctlm a battcrv bY hcatln aln
or a general-purpose heat exchanger that performs switching,
bctwimn coolulg aml heatulg depending on thc tcmperaturc
of thc circulatulg medium. Thc;ur-flow resistance problem
of a heat exchanger is present in either of the heat exchaog;
ers

The inventors of the application have devised the inven-
tions of the application by repeating the design and verifi-
cation to obtain a better battery tempemsture adjustment unit
by considcnng thc relationship bctwccn thc capability of a
heat exchanger rcttutrcd to adlust thc tmnperaturc of thc
battery of a present electric car or hybrid car and the amount
ofair supplied to the battery in the teclulical held of a battery
nxldule that adopts the structure (l3)

The invention addresses the above problem with an object
of providing a battery temperature adjustment unit capable
of elficmntly supplyulg air ailjustcd to an appropnate tcm-
pcraturc to a battery, a battery module ulcluding thc baucry
temperature adjustnlent unit to be mounted in a vehicle. and
the vehicle.

In a battery tenlperature adjustment unit of this type. it is
strongly desired to efliciently supply air adjusted to an
appmpnate temperature to a battery and to reduce the size of
the unit

Thc invcnnon pro&ides a battery tcmpcraturc ad) ustmcnt
unit having a rational and small-sized stnicture w:bile main-
taining a configuration capable of efliciently supplying air
ad)usted to an appmpriate temperature to a battery. a battery
module including the battery temperature ad)ustment unit to
be mounted in a vehicle, and the velficle

Solmion to Pmblenl

Patent I.itemsture

PTL I; JP-A-2006-143183
PTL 2. JP-A-2007-185997
PTL 3. WO 2008/018374 so

SUMIYLSRY OF INVENTION

Tcclnucal Problem
ss

1'o cool a battery evenly, a lar e amount of air is desimlbly
supplied to the battery A battery for storing electric power

The invention described in claim I of the application is,
when uldicatcd by refcrcncc numbers used ul embodiments.
a battery tcmperaturc adlustmcnt unit (100) provided ul a
module case (10) accommodating a bancry (2), Includulg a
unit case (110) having an air inlet (111) and an air outlet
(112), a heat exchanger (120) disposed in the unit case (I I I)),

and a blower (130) disposed in the unit case (110). in which
air in the module case (10) is sucked thmuJt the air inlet
(111) by thc blower (130) wlulc beulg blown out tluough thc
air outlet (112) imd circulates throu h the module case (10)
and thc air blown out tin ough the air outlet (112) includes air
that has passed throu h the heat exchanger (120) and air that
has not passed through the heat exchanger (120)
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lllc im mltion dcscnbcd ul clauu 2 of (hc application is
the battery temperature adjustment unit (100) according to
claun 1. in vshich thc heat exchanger (120) is disposed closer
to the air inlet (111) than the blower (130) and the unit case
(110) luis a sixond inlet (113) in a ace(ion between Ihe heal
exchmlger (12U) and the blower ((30)

The invention described in claim 3 of the application is
the battery tempemture adjustment unit (100) according to
cLsim I or 2. in which the unit case (110) has a bypass

I 1 I

passage (114) through which part ol'he mr sucked (hrough
the air inlet (111) passes by bypassing the heat exchanger
(120).

1'he invention described in claim 4 of the application is
thc bauery lmnpcrature ad)ustment uiut (100) accordulg to
any one of claims I to 3, in which the unit case (110)
includes an electric heater (140).

1'he invention described in claim 5 of the application is an
in-vehicle battery module (I) includin the battery rempem-
lurc ad)usuncnt unit (100) accordulg to any onc of claims I
to 4.

lite im mltion dcscnbcd ul claim 6 of Ihc applmation is a
vehicle including the battery temperanire adjustment unit
(100) accordin to any one of claims I to 4.

1'he invention described in claim 7 of the application is a
battery tempemsture adjustment unit (100) provided in a
module case (10) acconunodating a battery (2), including a
urn( case (110) havulg ml mr inlet (111) and ml air outlet
(112). a heat exchanger (120) dtsposcxt in the unit case (110),
a blower (130) disposed in the unit case (110). in which air so

in the module case (10) is sucked through the air inlet (I I I)
by the blower (13U) wlule being blown out thnlugh the air
outlet (112) and circul ates through the module case (10) and
the heat exchanger (120) is a heat exchanger for cooling and
disposed betweml thc air inlet (111) and Ihc blov,cr (130), ls
and a heater (140) disposed between thc air uriel (111) and
thc blower (130), in wluch the heater (140) is disposed ln
parallel lvith the heat exchanger tilr cooling (120) or dis-
posed closer to the air inlet (111) than the heat exchanger filr
cooling. so

The invention described in claim 8 of the application is
the baucry tmnperaturc ad)ustmenl uiui (100) accordin to
clmm 7, in sshich the heater (140) is ihsposcd bctwccn thc
mr inlet (111) and the heat cxclranger for coolm (120).

')lie invention described in cLsim 9 of the application is
the battery tempemture adjustment unit (100) according to
claim 7. in which the heater (140) is disposed in parallel with
the heat exchanger for cooling (120).

lite ulvcnlion descnbed ul claun 10 of Ihe application is
thc battery lmnpcrature ad)ustment uiut (100) accordulg to O

any onc of claims 7 to 9, ul wluch thc healer (140) is an
electrically heat-generating heater

1'he invention described in claim 11 of the application is
an in-vehicle battery module (I) includin. the battery tem-
perature adjustment unit (100) according to any one of ls
clmms 7 lo 9.

lllc ulvenuon dcscnbcd ul clmm 12 of thc application is
veluclc includulg Ihc bat(cry temperalurc adjuslmenl unit

(100) according to any one of claims 7 to 9.
')lie invention descnbed in claim 13 of the application is io

the vehicle according to claim 12, in which the heater (140)
is disposed above the heat exchanger t'or cooling (120).

According lo a lirst ulv milton (claims I lo 6) of lhc present
applmatlon. there w provided a bancry lmnpemlurc adjusl-
mcnl unit capable of cfliclcnlly supplying air adjusted to an ss
appropriate temperature to a battery 'l'he concept of the hrst
invention of the present application ivill be described below.

Thc battery lempcralurc ailjuslmenl urul includes a heal
exchanger and a blower disposed m a unit case. Air in the
module case is circulated by the blower and the tempemture
is adjusted by the heat exchan er

In temts of the etiiciency with which the air temperature
is ad)usted by the heat exchan er, all of the air blown out
tluough Ihc air outlet ol ihe umt case prclcrably passes
tluough the heal cxduingcr. How cvcr, if thc heat exchanger
has a smail size and high performance, the area in contact
with the air becomes small, thereby increasing the air-floiv
resistance of the heat exchanger As a result. the amount of
air blolvn out through the air outlet of the unit case reduces
and a large amount of air cmmot be supplied. In other words,
thc flou rate ol'ir circulaung through the module case
ciaulol bc incrcascd. If Ihc area in contact with Ihc mr is
increased to reduce the air-tlow resistance, the heat
exchanger beconles large, thereby increasing the size of the
battery temperature adjustnlent unit.

Consequently, it is prefemble to adjust the amount of air
blov n out tiuough the air outlet of the unit case by using a
heat exchanger with a small size and high pcrformancc and
devising Ihc structure ol thc unit case lo gct lhe most of Ihe
performance of the blower

I'he first invention of the application is achieved by
making a contraption to the structure of the unit case so that
air blown out fltiough the air outlet includes air that has
passed tluough the heat exchan er and air that has not
passed tluough lhc heat exchanger. In llus structure, it is
possible to elwurc thc balance bclwccn thc ad)usuncnt ol'air
temperature by the heat exchan er and the adjustment of
battery temperature by air in considemtion of the perfilr-
mance of the blovver

As described above, since a contraption is made so that air
blov n out fltiough the air outlet includes air that has not
passed lluough thc heal exchanger, air in the module case
can bc circulated rauonally. As a result, thc cflicmncy of the
tcmpcralure adjuslmcnl of Ihc ballcry is unproved reliably.
1'he excellent effectiveness of the imentive structure has
been confirmed by trial mamifacture cerned out by the
inventors of the application.

According to a second invention (claims 7 to 13) of the
prcscul appllcil(loll. Js ill lhc ill su lllvclllloll ol lhi: apphca-
tlon, there is provided a baucry tempcraturc adgistmcnl urut
capable ol'cfliciently supplying air ad)usted to an appropri-
ate temperature lo a battery and rationally reducmg its size
'I'he concept of the second invention of the piesent applica-
tion will be described beloiv.

To reduce the size of the battery tempemture adjustment
uiut, it is prcferablc io dispose the air ullcl, Ihe heal
exchanger. and the blower ul this order. That is. the heal
exchanger is preferably disposed upstream of the blower.
1'his is because, by disposing the heat exchanger upstream
of the air inlet even when the ventilation area of the heat
exchanger is larger than the area of the air inlet of the
blower, air tloivs fltiough the heat exchanger at an even flow
rale, thereby prevenlulg reduction ln thc mnount of heal
cxchangcd between air and the heat exchanger Most of all.
cvml when Ihc heal excliangcr is disposixl close to thc air
inlet, the etfect of evenly flowmg air thmugh the heat
exchanger can be obtained

Since general in-velucle air conditioners have an object of
achievul the comfort of vehicle occupants. a dehumidifi-
cation function is unporlant in addluon to heatulg and
cooling functions. Therefore, air circulating tluough thc air
conditioner is first dchumiddicd by thc evaporator and, if
necessary, heated by passing it through the heater core
Accordingly, in general air conditioners used by vehicles
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such as automobiles, flm evaporator (heat exchanger for
cooling) and the heater core (heat exclmnger for heatin ) are
disposed ul tlus order from thc upstream side 10 downstremn
side.

Iu such In-vi:hlcli: Blr coudnloni:Is, thc cvspol Jlor Is nol
enemlly disposed downstreanl of the heater core 'I'hat is, if

air heated by the heater mire ts cooled by the evaporator on
the dolvnstream side. the energy efliciency is signiticantly
degraded and tlus method ts not used.

I i 1

Au cvBporalor usixi ul II gcncitd ul-vchlcic Blr ciuldltloucr
needs to have the function of reliably delnuuidifying air
circulaung though thc mr condilioner, so Ihc cvaporalur is
disposed in the duct to prevent the air froin bypassing the
evaporator.

It has been filund that a defect occurs in the heater core on
the downstream side when size reduction is attempted by
applying the above in-vehicle air conditioner (that is, the air
conditioner lmving the evaporator (heat exchanger for cool-
ing) on lhc upstream side and lhe healer core (heal Ill

exchanger for heating) on the downstream side) to the
battery iempcraturc adiusuncnt unit.

In this case. if air is cooled on the upstream side by the
evaporator, the air condenses to ivater 1hen, the water ls
conveyed by circulating air, reaches the heater core on the
downstream side when the evaporator is close to the heater
core because of size reduction. and adheres to the heater
core.

lhc healer core to which water droplets have adhered
gradually degrades and causes a defect of the heater core lo
(such as corrosion of the alunlinum core) over time. If the
distance between the evaporator and the heater core is
increased to prevent tlfis defect (that is. to prevent water
droplets from adherin to the heater core) from occurrin,
thc size ol Ihc mlurc apparatus cannot bc reduced. ls

SBICC ll ffi dlfllCidl 10 dppl)'ul ul-VChlCIC Bu CiuldlllouCI
for aclucving the comlort ol vehicle occupants lo a ballcry
temperature adjustment unit as described above, its solution
has been considered

On the other hand. the following tlfillgs can be considered do

in temls of the air conditionin of a battery. That is. since a
bancry generates heat dunng clmrgulg or discharging, thc
bancry basically needs to bc coolml In contrast, ul a cold
dlstmcL a bauery needs to be scparatcly heated secondarily
in terms of the operation efliciency and charging etficiency
(tbr exanlple. the tenlperature is raised froin —40" ('o — 10"

C. or so in a cold dlstnct).
As a result of considering the characteristics of B battery

dud lhc dlr ciuxhnonulg I)'pcs of s battery li:ulpcl Jlurc
adtuslmcnl umt as dcscnbcd above, II has bimn filund llml o

thcrc is no need to dcluunulify air by Opcraling a heal
exchmlger for cooling and a heat exchanger filr heating at the
same time. Accordingly, even when both a heat exchanger
for cooling and a heat exchanger for heatillg are disposed,
unlike a general in-vehicle air conditioner. there are no i.
functional problems cvcn If Ihc posllions of those heal
i:xchdngcls Jri: cxchaugix! Bs conlpalcd will those In Bn
ul-ii:hlclc Blr coudltloni:r.

In addition, as a result of considering the air conditioning
types of a battery temperature adjustment unit, it has also io
been found that the function of reliably dehumidifying air
circuhsting tluough the appamtus is not needed. Accordingly,
il lms bccn filund that. even when the heal exchmlgcr for
coolulg is disposed ul thc battery tcmpcralure adjuslmcul
unit. thcrc Is no problem cvcn when clrculaung air bypasses ss
the heat exchanger filr cooling as long as the reiiutred
cooling capabihty is ensured.

Accordingly, in lhe bdltcrv Icmperaturc Bdjustmcnl uluL
the defect that may be caused in the case of the above
in-vehicle air comliuoncr can bc prcvmltcd by dmposul Ihe
heater core on the upstream side and the evapomltor on the
downstrciuu side (serial disposition filnn) Bnd disposing thc
heater core in parallel with the evapomstor (pamllel dispo-
sition foml). The distance belli een the heater core and the
evaporator can be reduced by adopting the filrnl in which the
heater core is disposed on the upstream side and the evapo-
rator is disposed on Ihc downstream side or thc parallel
disposition form as described above. The second invention
of lhc applicanon hds bccn dcvisixl based on thc above
finding.

Thc second lnvcnuon Ol'he apphcation is a bauery
temperature adjustnlent unit in which a heat exchanger
basically used is a heat exchan er for cooling, disposed
between an air inlet and a blolver. and has a heater between
the air iniet and the blower. and the heater Is disposed in
parallel with the ical exclmngcr lbr cooling or disposed
closer to the air inlet than the heat exchan er for coofing.

Sumc thc blower Is disposed close to the air outlet in such
a stmcture, air can be efficiently blown to the battery as in
thc first ulvmllion of the apphcatlon, thcrcby cnablulg thc
mltional circulation ofair in the module case As a result. the
clliclcncy of thc Icmpcraiure adjustmmll ol'hc batlery ls
improved rehably.

In addition, since thc healer is disposed ul parallel will
the heat exchanger for cooling or disposed closer to the air
inlet than the heat exchanger for cooling, it Is possible to
prevent the situation in which water enemsted tllrough
condensation by the evaporator reaches and adheres to the
heater core on the dowmtreum side. which occurs in a
gcncral ln-vchiclc air conditioner, and lo rcducc thc distance
bclw ixn lhe hca ter core and Ihc evaporator, thcrcby aclucv-
ing the size reduction of the apparatus

Advmllagcous Eflbcts of Invenuon

According to the present invention. there is provided a
battery temperature adjustment unit capable of efficiently
supplying air adjusted to an appropriate temperature to a
battery

liflil!F f)ES( I&IIVI ION Ol'I&AWINOS

FICi. I illustrates a battery module according to a first
embodiment of the present invention. The white arrows in
the draw ulg indicate directions of air flows in a module case.

FICi 2 illustrates B side of a baucry Icmpcralure adlusl-
menl unit accordln to Ihc lirsl cmboduncnt of the ulvcntlon.

ill(i 3 illustrates the cross section of the side of the
battery temperature adjustment unit according to the first
embodiment of the invention.

FICi 4 illustrates the cross section of the side of the
battery tcmperaturc ndlusunmlt unit (with a heater auachcd)
according to the lirst cmboduncnt ol'he invention.

FICi 5 flluslmtcs the cross section ol' side of a baucry
temperature adjustment unit according to a second embodi-
ment of the invention

FICi. 6 iilustrates the cross section of a side of a battery
temperature adjustment unit accordin to a third embodi-
menl of thc Invention.

FICi 7 illustrates a battery module according Io a fourdl
embodiment of thc invmltlon.

ill(i g illustrates the battery module according to the
fourth embodiment of the invention
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FIG. 9 illus(ra(ca a bat(cry tcmpcmturc adtus1ment unit
according to the fourth embodiment of the invention, and (I)
is a front view mid (2) illustrates 1hc cmss ace(ion ol a side.

FIG. 10 is another cxmnplc illustra1uig 1hc battery tem-
perature adjustnient unit according to the fourth embodi-
nient, and (I) is a front view and (2) illustrates the cross
section of a side.

FIG, 11 dlustrates another battery module according to
the fourth embodiment of the invention.

I)iig('l&IPIION Ol'IMBOI)IMIIN'Ig

Embodiments of the present invention will be descnbed
with ref'crcncc to thc drdwuigs. Abet(cry module 1 shown in
FIG. I cools a battery 2 of an elcctnc car or hybrul cdr. Tius
battery module I includes a module case 10 acconunodating
the battery 2 and a battery temperature adjustment uiut 100
pmvided inthe module case 10 As shown in IiIGB 2 and 3,
the battery temperature adjustment unit 100 includes a heat
exchanger 120 and a blower 130 disposed in a unit case 110 ic
and thc battery tcmpcrature adflistmcn( uiut 100 is secured
to (hc interior of thc module case 10 by, for cxamplc, a
niethod such as screwing 1 he unit case 110 is a nientber
with a duct structure and includes an air inlet I I I and an air
outlet 112 Air in the module case 10 sucked through the air
inlet 111 of the unit case 110 by the blower 130 is cooled by
passing tluough the heat exchanger 120 and is blown out
tluough (hc air outlet 112 of thc uiut case 110. Then. (hc mr
blown out tlirough thc air outlet 112 of thc uiut case 110
cools the battery 2 and is sucked thniugh the air inlet Ill 30

again. As described above, the air in the module case 10 is
sucked throu h the air inlet ill while being blown out
through the air outlet 112 by the blower 130 and circulates
through the module case 10.

Ill Illc billtcrv', a plurality of battery cells are supported ii
by a prmletcnnincd supporting member. Air in thc module
case 10 cools the bancry cells by passuig on thc surf'aces of
the battery cells or passing through the space betv een the
battery cells

Although the specific structure of the module case 10 is dc

not limited to a particular exmnple. However. in tlus
mnbodimcnt. thc module case 10 is configured by assmn-
bling a Iirst module case member 11 of upper opeiun type,
d scmond module case member 12, wluch functioiw as its lid,
and a third module case niember 13. which is an interme-
diate plate. lite battery niodule I is configured bv placing
the battery temperature adjustment unit 100 on the first
module case member 11, assembling the third module case
mcmbcr 13 to the first module case mcmbcr 11. placing a
battery 2 on thc Uurd module case member 13, and assam- o

bluig the second module case member 12 to tim first module
case member 11 A hrst communication hole I3ir to be
connected to the air outlet 112 of the unit case 110. and a
second conmuinication hole 1313, which guides air from the
battery 2 to the battery tempemtture adjustment unit 100. are ss
provided in nixcssary portions ol'he third module case
member 13.

In the unit case 110 in this embodmicnt. Uie heat
exchanger 120 is disposed close to the air inlet ill and the
blower 130 is disposed close to the air outlet 112 'I'hat is, the ii!

heat exchan er 120 is disposed closer to the air inlet 111 than
the blower 130. By dispnsin the heat exchanger 120

upstream of the blower 130 as dcscribcd above, reduction in
thc slane pressure uiulonuly acts on thc hea1 exchanger 120
when the blower 130 sucks air, and fiic mr cvmily passes si
through the heat exchanger 120 '(his can suppress an
increase in the air-tlow resistance A second inlets 113 are

provided in a sccnon bctw con thc heat exchanger 120 and
the blower 130. Air sucked through the second mlet 113 is
blown out through the air outlet 112 without passing tluough
the heat exchmiger 12U.

Thc blower 130 uicludcs a fmi with a predetcrnuned shape
and a motor for driving the fan A sirocco fan, which is an
multi-blade air bloiver suited to a relatively-lov static pres-
sure range, is adopted as this fan.

A part of the cooling medium of a refngeratinn cycle for
pcrfiinning intenor mr condiiioning circulatcs tluough the
heat exchan er IZU. The refngeration cycle includes a
compressor comprcssuig the cooling medium, a condenser
cmidensing the cooling medium by radiating the heat of the
colllprcSSCU Ci i01illg iliCdllllli (i i tllC 0U IS id C d 1r. all cxpallS1011

apparatus adiabatically expanding the condensed cooling,
medium, and an air conditioning evaporator exchan ing heat
between the adiabatically expanded cooing medium and the
inside air. The cooling medium fkiivs tlirough the compres-
sor, 1hc condenser, thc cxp;msion apparatus, thc mr condi-
tioning et aporator, and the conipressor in this order. The
rclrlgCIdtioll Cv'CIC lilltliCr iliCIUdcs B Coollllg llicdlillll
branching unit floiving a part of the cooing mediuni floiving
from the expansion apparanis to the air conditioning evapo-
mator into the heat exchanger 120 and a control valve
controllin v:hether the cooling medium is tmnsferred to the
heat exchanger 120. By driving the control valve as neces-
sary, a part of the cooling medium flowing tlu ough the air
conditioning evaporator circulatcs through the hea1
exchanger 120 by bypassing the air conditioning evaporator
aild retunls to the compressor

'I'he heat exchanger FZU includes a plurality of tubes
disposed in paraliel with each other. a plurality ofcomigated
fins provided betiveen the plurahty of tubes. a pair of
hciulers to which each ol'he ends of thc plurality of tubes
iS C01111CC(Cd. Bll llilCI plplllg lolllt providixl 011 tile pillr Ol

hciulers, and mi Outlet pipmg )oint provided on thc pair of
headers A pipe 121 through which the cooling medium of
the refrigeration cycle circulates is connected to each of the
piping joints (not shown). The air in the module case 10 is
cooled by the cooling medium circulating tluough the heat
cxchangcr 120 via the plurality ol'ubes and thc plurahty of
cornigatcd Iiiuc

Thc module case 10 prcfcrably hds good heat uisulatioll
and hermeticity I'he module case members ll, 12, and 13
may be assembled via seal niembers I Iermetic means such
as grommets are prefembly provided for holes throu/3
v hich the pipe 1Z1 passes and holes through which electric
wires of thc battery 2 and thc blower 130 pass. In addition,
air vents fiir ad)using the uiicmal prcssure of tlm module
case 10 dcpcnding on changes in thc annosphcric prcssure
may be provided in necessary portions of the module case
10 In this case, filters for preventing intnision by dust are
preferably provided in the air vents.

The unit case 110 in this embodiment is configured so that
air blown out through thc mr outlet 112 includes air that has
not passed tluough (hc heat exchanger 120 by sucking air
tluough the siwond inlet 113, as dcscribcd above

In such a stmcture, coolina of air by the heat exchanger
12U and cooling of the battery 2 by air blown out through the
air outlet 112 can be ensured in good balance, thereby
improving the cooling efficiency of the battery 2 reliably.

Thc number ol'thc second inlets 113 and thc slntpc. Side,

position, and so on of thc second inlet 113 areset as
appropnalc in coiwxicranon of the cooling cflicicncy of the
battery Z. In the unit case 110 illustrated m the dnawing, the
second inlets 113 of a circular or substantially circular shape
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dre prox ided at prcdeicnnuled uliervals in a ace(ion between
the heat exchanger 120 and the bloiver 130

'lhe im entors of the application checked. by experiment,
the ratio (ratio of the mnount of air sucked through the
second inlet 1133 of the amount of air that has not passed
through the heat exchanger 120 to the amount of air blov n
oui tluough tlu: air outlet 112. If thc runount of mr blown out
tluough Ibc air outlet 112 is as su mcxl Io bc 100 Io 200 [m'/h],
the actual range of the ratio was froin 10 to 50 [%J, nlore
prefembly front 15 to 30 [%J i it

When the ratio of the amount of air that has not passed
tluough the heat exchanger 120 falls below this range, it is
difficult to satisfactorily keep the amount of air to be
supplied Io ihc battery 2 duc to the air-liow rcsisuince of thc
heat exchanger 120. Il'hc perfonnance of thc blower 130 is
improved to satisfactorily keep the amount of air to be
supplied to the battery 2, the amount of air passing tluough
the heat exchanger 120 increases unnecessarily and the cost
of the blower 130 increases. When the ratio of the amount
of air that lms not passed through the heat exchan er 120 lo
falls beyond tlus range, Iheammuu of air passing through
thc hcdl cxchilngcr 120 rciliiccs and Ihc cooling of Bll bv Ihc
heat exchanger 120 becomes insufficient ln contrast, the
battery temperature adjustment unit 100 in thi ~ embodinlent
detemlines the ratio of the amount of air that has not passed
tlu ough the heat exchanger 120 to the amounr of air blown
out tluough the air outlet 112 to be a preferable value based
on icrilicdtion, as dcsirablc desi n conditioiw durmg thc
coolulg of ihc battery 2 of an clectuc car or hvbnd car. Thai
is. the strucnire is designed very rationally to make the most so

of the perfonnance of the heat exchanger 120 and the blower
130 to be used

As described above, in the battery temperature adjusunent
unit 100 in this embodiment, air that has passed tluough the
heal exchanger 120 and air tlmi has no( passed tluough the ls
heal exchanger 120 arc blown oui tluough Ihc air outlet 112,
so ilmi air coohxl to nn appmpuaie Icmpcraiurc can be
supplied to the battery 2 in good balance I'he stnlctures of
components in this embodiment may be nuidified as appro-
priate withm the teclulical scope designated in the appended do

chsims and the structures are not limited to the illustmtion in
the drawings.

For example, as shown ul FIG. 4, dn elcctuc heater 140
may bc prox idcd in Ihc unit case 110 so as io heat Ihc internal
air of the module case 10 and then heat the battery 2 via the
air 'I he battery 2 nlay need to be heated in a cold distuct to
obtain the stable discharge and charge capability of the
battery 2. If the electric heater 140 is detachably provided in
thc unit case 110. Ihc versatility of Ihc baucry temperature
adlustmeni unit 100 can bc improved. O

Although ihc lmdt exchanger 120 described above uses a
part of the cooling medimn of the refrigenstion cycle that
performs interior air conditioning. a refrigeration cycle filr
cooling the battery may be provided separarely from the
interior air conditioning and the cooling medium of the 11

refrigeration cycle may bc used.
Altlxiugh a hi ai cxchallgcr lor cooling 01BI coiiis thc

baucry by cooling air is adopted as thc heat exchanger 120
in the embodiment, a heat exchanger for heating that heats
the battery by heating air or a general-purpose heat io
exchanger that performs switching between cooling and
heating depending on the temperature of a circulating
mcdnun may bc adopted.

Next. a second mnboduncni of thc ulvcnuon will be
deacubcd with rcfbreucc to FIG. 5. In Ihe umt case 110 ss
accordiim to the embodiment. the heat exchanger 120 is
disposed close to the air inlet ill and the blov er 130 is

disposed close to Ihc mr oullct 112 and part ol air sucked
through the air inlet 111 passes through the side sections of
the heat exchanger 120. Iiypass passages 114 are provided
in the side sections of the heat exchanger 120 and part of air
sucked throuah the air inlet 111 passes through the bypass
passages 114 by bypassing the heat exchanger 120.

As dcscribcd above, by disposulg thc bypass passages 114
tluuugh which patt of mr sucled tluough Ihc air uric( 111
passes by bypassing the heat exchanger 120. air blown out
through the air outlet 112 nlay include air that has not passed
through the heat exchanger 12U. I'he second inlet 113

described in the first embodiment may be disposed as
appropnate in the unit case 110 in tlfis embodiment. The
llexibiliiy of design of thc unit case 110 can bc unproved by
combining thc bypass passage 114 with thc second ullct 113.

Next, a third embodinlent of the invention lvill be
described with reference to I'l(i. 6 In the unit case 110
according to the enlbodinlent, the blower 13(3 is disposed
close to the air inlet 111 and the heat exchanger 120 is
disposed close to the air outlet 112 and part of air directed
from thc blower 130 to thc mr outlet 112 passes iluough Ihe
sale ace(ion ol'hc heal cxchdngcr 120. A bypass passage 115
is provided benveen the side section of the heat exchanger
120 and the unit case 110 and part of air passes thmugh the
bypass passage 115

As described above. in the unit case 110 in which the
blower 130 is disposed close to the air inlet 111 and the heat
cxchangcr 120 is ihsposcd close to thc air outlet 112, air
blown out tluough Ihc air outlet 112 preli:rably includes air
that has not passed tluou h the heat exchanger 120 by
pmvidmg the bypass passage 115 between the heat
exchanger 120 and the unit case 110

Next. a fourth embodiment of the invention will be
described with reference to FICi. 7 In this embodiment. the
battery module 1 is basically the slane as ilm baucry module
1 shown in FIG. 1, nnd thc same components arc given Ihe
same refcrcncc numbers to omit the detmlcd description.

In the battery temperature adjustnlent unit 100 of the
battery nlodule I shown in I'l(i 7. the heater 140 is provided
in the unit case 110 as in the battery temperature adjustment
unit 100 in FICi. 4 so as to heat the air in the module case
10 and then heal thc battery 2 1 ia thc air. In thc cmboduuenh
an electrically heat-gcncraiing hcaicr (also rcfi:rrcd to below
as simply an electric hcdicri is used as thc hcaicr 140.

More specifically, the battery temperature ad(ustment unit
I UU is provided in the module case 10 acconlmodating the
battery 2 and includes the unit case 110 having an air inlet
and an air outlet. the heat exchanger 120 disposed in the unit
case 110, and thc blower 130 disposed in thc unit case 110.
The air ul Ihc module case 10 is sucked through the mr uric(
while being blown oui iluough ihc mr outlet by thc blower
130 mid circulates thmu h the nlodule case 10

I'he heat excllanger 12U is a heat exchanger for cooling
disposed upstream of the blower 130 (between the air inlet
and the blowerj and includes the electnc heater (heateri 140
upstream ol'hc heat exchmlgcr 120.

When Ihc electric henicr 140 is providixl upstream of Ihc
heat exchanger 120, il'ater droplets arc gcncmted duung
cooling by the heat exchanaer 120 and conveyed by circu-
lating air, the lvater droplets do not reach the electric heater
140 on the upstream side and the above detects (such as
cormsion of the heater) can be prevented As a result, the
elcctnc healer 140 cml be disposed as close as possible Io Ihe
heat exchanger 120, thereby achieving size reducuon of Ihe
dPPdl'iltiia.

Since the blower 130 is disposed downstream of the
electnc heater 14U and the heat exchanger 120 and sucks the
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circulaung a&r, even &f the elec&ric healer 140 and thc heal
exchanger 120 are close to thc blower 130, c&rculaung mr
passes tiuough the electric heater 140 and the heat
exchanger 120 evenly, thereby enabling efficient heat
exchm&ge. In add&tion. even if the air circulation area of the
electric heater 140 is ditferent from that of the heat
exchanger 120, thc c&rculaung air passes tluough both
cucllliltu&g sU&laces (heat exchange su&laccsi cvculy, &hereby
enabling efficient heat exchan e.

In F Ri. 7„a him body 12U tluough ivhich air can circulate
is provided in the n&odule case member 12 When the
n&odule case 10 forms a ck&sed circuit as in this example,
d&sposition ol'thc lilm body 12U prcvcnts prcssure loss of thc
module case 10 duc to thc aunosphcric prcssure caused by
difi'erences in the alt&tude of a place ivhere the invention &s

USCd.

In the battery ten&perature adjustment unit 100 of the
battery module I shown in I'l(i 0, the air inlet 113s are
d&sposcd in a acct&ou bctwccn thc heat exchanger 120 and
the blower 130 as &n &1m ba&&cry tcmpcmture adl ustment unu
100 in FIG 1. Accordingly. as described above, when a&r &s &U

sucked tluougvt the air inlets 113, air blown out thmugh the
air outlet 112 includes air that has not passed through the
heat exchanger 120 and the cooling of air by the heat
exchanger 120 and the coohng of thc bauery 2 by air blown
out tluough thc a&r outlet 112 cim be ensurixl u& ood
baLance„ thereby improving the cooling efficiency of the
battery 2 reliably.

FIG 9 shoivs the battery temperature adjustment unit 100
accordin to the embod&n&ent used in Fi(i. 7. In the unit case
110, the clcctnc heater 140 and the heat exchanger 120 are

&i&

d&sposcd upstream ol'hc blower 130 u& sc&IUCUCC so as to
face the blower 130

On the other hand, Flfi 10 shows another example of the
fourth embodiment of the invention and, in this example, the
electric heater 140 and the heat exchanger 120 are disposed
orthogonally to Ihc d&rccnon ol a&r blowu&g. The electric
heater 140 and the heat exchanger 12(I are provided m a
so-called cascade arrangement in I&I(i 9 and they are
provided in a parallel arrangement in FIG. 10.

When the battery temperature adjustment unit 100 shov n
in Flfi. 10 is mounted in a vehicle. the electric heater do

(heater) 140 &s disposed above thc heat exchanger 120 for
coolu&g. Accord&ugly, even when water droplets are gener-
ated in the heat exchanger 12(I in a lower position. the
dmplets do not adhere to the electric heater 140 in an upper
pos&tiou.

FIG, 11 shov, s a fifth embodiment of the invention. In the
en&bodiment, the module case 10 fonna an open circuit That
is. &hc bat&cry tmupcraturc adlustmcnt unit 100 on thc
upstream side sucks outside air. and the bat&cry tempera&urc
adjustment unit 100 blows the air subjected to temperature
adjustment to the n&odule case 10 on the dov nstream side
and exhausts the air externally from the downstream side of
the module case 10 In the invention. such an open c&rcuit

may also be used in add&tion to the above closed circu&t.

INDI ISTRIAI. APPI I('AIIII,I'IY

The invention can be advantageously used as U battery
tcmpcraturc adjusUncnt uiut mounted in an electric vehicle
or hybrid car, a baucry module u&cludu&g thc battery tem- ic
perature adlustment unit, and a vehicle including the battery
temperature adlustment unit

REFERENCE SIGNS LIST

I battery module
2 battery

10. module case
ll: first module case member
12 second module case member
12U film body
13: third module case member
13U: first comnnu&ication hole
136: second conuuunicdtion hole
100: battery tcmpcrdturc adlusuncnt unit
11th unit case
111 air inlet
112: air outlet
113: second inlet
114: bypass passage
115: bypass passage
120. heat cxchangcr
121 pipe
130 blov;er
140 electric heater
The invention claimed is:
I A battery temperature adjustment unit provided in a

module case acconunodat&ng a baucry, the bauery tempera-
ture adjustmcnt urn& compnsu&g.

a nnit case having an air inlet aud au air outlet:
a heat exchanger disposed in the unit case: and
a blower disposed in the unit case.
wherein air in the nu&dule case is sucked through the air

inlet by the blower while bein blown out throu h the
air outlc& aud cirmildtcs through Ihc module case imd,

thc air blown out tluuugh thc a&r outlet &ncludes air Q&at

has passed throu h the heat exchanger and air that has
not passed through the heat exchanger,

a heater disposed between the air inlet and the blower,
wherein the heater is disposed closer to the air inlet than
the heat exchanger for coolinv. and wherein the heat
cxchaugc& fo& cool&l&g dui! iu& u&h:I ol thc s&rocco Iau
face onc another. Uhcrcin thc hcatcr &s also d&&poses(

bctwixn the a&r inlet mul thc heat exchanger for coolu&g
such that the air inlet. the heater. the heat exchanger tbr
cooling, the blower, and the air outlet are disposed one
after another in a direction of air c&rculation.

2 The battery temperature adjustment unit according to
clean 1,

whcrcin the heat cxchdngcr is disposed closer to the air
inlet than the blower and

the unit case has a second inlet &n a section beuveen the
heat exchanger and the bio&ver.

3 The battery temperature adjustment unit accordin to
claun I,

whc&cu& thc Uu&t case hils d by'pdss pass&&go throilgh wh&ch

part of the air sucked tluough thc a&r u&lct passes by
bypass&ng thc heat exchanger.

4 The battery temperature adjustment unit according to
claim I,

wherein the unit case has an electric heater.
5 An in-vehicle battery module composing:
thc battery tempcraturc adlustmcnt u&ut accordu&g to

claim 1.

6 A vcluclc compnsu&g.
the battery temperature adlustment unit according to

claim I
7 A battery temperature adjustment unit provided in a

module case accommodating a battery. the battery tempera-
ture adjustmcnt urn& compnsu&g.

a taut case havh&g dl& du h&lct iu&il iu& il&r UU&lci:

a heat cxchangcr d&sposcd in the un&t case,
a blower disposed in the unit case, wherein air in the

module case is sucked through the air mlet by the
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blow cr wlulc being blown mu dmough thc mr outlet and
circulates through the module case and the heat
exchanger is a heat exchanger for cooling and disposed
betiveen the air inlet and the blower, and ivherein the
blotter comprises a sirocco fan and a motor; and

a heater disposed between the air inlet and the blower,
wherein Ihc healer is disposed closer lo lhc mr inlet than
the heal exchanger for cooling, and wherein lhe heat
exchanger for coohng and an inlet of the ~irocco fan
face one another, wherein the heater is also disposed tc
betiveen the air inlet and the heat exchanger for cooliag
such that the air inlet. the heater, the heat exchanger for
cooling, the blower. and the air outlet are disposed one
aller attolltel'tt a dtrccltott ol atl ctlcidaltott.

8. Thc banery tcmpcralurc adluslmcnt utut according tu
claim 7, v herein the heater is an electrically heat-generating
heater

9 An in-vehicle battery module comprising:
the battery temperature adjustment unit accordin to

chsim 7. 2 it

10. A s chicle composing:
lhe battery tempcranirc adluslmcnt uml according lu

claim 7.
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