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(57) ABSTRACT

A freezing prevention system for a refrigemstion device
includes a freezing-prevention temperature sensor firr
detecting a refrigerant temperature in a refrigemnt evapora-
tor. and a control iuiit for controllin operation of a refri-
emsnt compressor based on the detected refrigerant tempera-
ture. Thc control unit uicludcs a calculating meam lor
calculatuig an integral value of the dc(in(ed rcfrigcrani
temperature integmsting with respect to a passed time after
the detected refrigerant tenrperature beconies equal to or
lower than 0" (1 yehen the integral value becomes equal to
or larger than a predetemiined value. the control unit stops
the operation of the refrigerant compressor. Accordingly, the
lrcczlllg prevail(loll svstcill villi ilcculdtciy'al forlll a llcez-
ing prcvcnuon control while iis production cost can bc
reduced.
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FREEZING PREVENTION SYSTEM FOR
REICRI('ERATION I)EVIC:E ANI) AIR
C:OVI)ITIONER USING TIIK SIAMIi

CROSS-REFERENCE TO RELATED
APPLICATION

This applicatlOn iS related to lapanese Patent ApplicatiOn
No. 2003-3579 fled on Jan. 9. 2003. the content ofwhich Is
hcrcby incorporated by reference. I i 1

13ACK(rROUNI) Oll 111I i INVI',N'I'ION

1. Field of thc Invention
lllc present Invention relates to a frcenng prcvmltion

sv'steal fol d I'cfllgcl'Iitlon dcvlcc silch Bs II vchlclc dlr
conditioner. More particularly, the present invention relates
to a freezin prevention contml for preventing a refrigerant
evaporator from freezmg

2 l)escription of Related Art
A frcczlng prevention system of a relrlgcralion device

includes an mr tmnpcraturc sensor that Is disposed down-
stream of a refrigerant evaporator in an air flow direction for
detecting an air tentpemture at an air outlet side of the
refrigerant evapomtor. In the freezing prevention system. a
freezing prevention control is perfomled such that operation
of a compressor is stopped v hen an air temperature detected
by thc mr tempcraturc smlsor rcduccs lower than a predc-
tcnnined tempcraturc Generally, cvcn when a surf'acc tem-
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perature of the evaporator changes rapidly. the air tmnpera-
ture detected by the air temperature sensor cannot be
changed rapidly in accordance with this rapid temperanue
change of the surface temperature.

To overcome this problem, in a freezing prevention sys- li
tem disclosed ln JP-A-2000-258001. an mr flow reducing
member ls disposed to rcducc ml air flow rale at an outlet
side ol dn evaporator. and a Ircczing prcvcntlon lcmpcraturc
sensor is disposed in an air flov: reducing area of the air flov
reducing nlember Ilurther. an air flow increasing member is
disposed to increase an air flow rate at the outlet side of the
evaporator„and a re-start temperature sensor is disposed in
an air flow ulcreaslng arcs of the air flow increasin mem-
ber. El ddihtlon, opcl'ation ol II conlplcasor ls controlled
based on tlm detcctcxf tmnpcratures Ol'he freezing-prcvml-
tion temperature sensor and the re-start temperature sensor.
Ilolvever. in the freezing prevention system disclosed in
JP-A-2000-258001. 1I hen the response pedhrmance of the
temperature sensors is Increased. an operation startin fre-
qUcncv Bnd Iln operation sloppnlg frcqUcncv of thc conl-
prcssor are increased, thereby rcducul durability of a solc-
nonl clutch. and worsenulg drivabihty mid dchumnllfying
performance. Ilurther. the freezing-prevention temperature
sensor, the re-start tenlperature sensor, the air tlolv reducing
member. the air flow Increasin member and the like are
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required. Therefore. production cost of this freezin preven-
tion svstcnl Is nlcrctiscxl.

a freczc dctemlination value containing a la(wit heat iunounl
in a predeteunined volume of condensed water.

It ls a further mlother object ol thc presmlt Invenuon to
provnlc Bn Bn conibtloncl havhlg thc Irccznlg plcvcntlon
system

According to thc present invention, a 1)ceding prevention
system lilr a refrigeration dci ice Includes a tcmperaturc
detection unit disposed in a refrigenlnt evaporator for detect-
ing a refrigenlnt temperature in the refrigerant evaporator,
and a control unit for controlling opemtion of a refhigemnt
compressor based on the refrigemnt temperature detected by
thc tenlpcratulc dc(ection Unit. hl thc Irccznlg plcvcntlon
systcnn thc contml urut includes a calculaung means lor
calculatulg an integral value of the dctiwted rcfrigcrant
temperature integnlting with respect to a passed time after
the detected refrigerant tenlperature beconles equal to or
lower than a predetermined integmting start temperature,
and the control unit stops the opemtion of the refrigemlnt
compressor when thc integral value calculated by the cal-
culating means biwomcs equal to or larger than a predetcr-
mincd value. Accorihngly. thc I'reading prcvcnuon contml
can be accurately performed in the freezing prevention
system in loiv cost llor exmnple, the predeteunined value
cml be calculated by a Latent heat amount in a predetermined
volume of condensed water in the refngerant evaporator.

Preferably, the temperature detection unit is a temperature
sensor disposed on the refrigerant evapomtor to detect a
surface temperature of the refrigerant evaporator. For
cxtunplc, thc rcfngcrdnt evaporator ulcludes a plurality of
tubes in which the refrigerant afier beulg cooled and decom-
prcsscd flows, aml d plurality of lins each of wluch is
disposed between the tubes. In this case. the tempenlture
detection unit can be arranged to detect the surface tem-
perature of the tube or the fin.

llurther, the temperature detection unit can be arranged on
the tube or the fin at a position separated at least by a
predetermined distance from B bottom end of the refrigemlnt
evaporator in the vertical direction In this case. the tem-
pcraturc detection unit cml more accurately detect the tcm-
pcrauirc relating to Ihc rcfngerant temperature ul the refrig-
erant evaporator

More prcfcrably, thc control unit further includes another
ctllctlkltnlg nlcans for calclildtulg dnothcr nltcgrBI valUc ol
the detected refrigemnt temperature integrating with respect
to a passed tinle after the detected refrigemnt temperature
becomes higher than the predetemlined inte rating start
temperature. In this case, the control unit re-starts the
operation of the refri erant compressor v hen the another
integral value calculated by the mlothcr calculating means
bioomcs equal to or larger tlnln a prcdctcrnnncxf re-start
value 'I'herefore, the stop operation and the re-start opera-
tion of the refrigerant compressor can be more accurately
controlled.

The freezing prevention system can be suitably used for
an air conditioner. In this case. it can accumtely prevent the
relrlgcldnt cviipoi'ii(01 flout frccznlg nl thc Illr condltloncr.

SUMMARY Oll '111E INVI'.N'I'ION

so
In vielv of the above problem, it is an object ofthe present

invention to provide a freezing prevention system for a
Ichlgci'iltlinl device, whn:h iiccUIB(clv d frceze pleventlon
control ol' rcfngcrant evaporator.

Ii ls anotln:r obtcct of Ihc prcscnl invenuon to provide a Si

freezing prevention systenl having a control lulit capable of
accurately perfonuing freezulg prevention contnll based on

13RIlill l)ES('RIFI'ION Oll 111I: DI(A%IN(IS

Additional objects and advantages of the present inven-
tion will be more readily apparent from the followin
dctailcd description of prcfcrrcd embodunmlts when Iaken
togelhcr with thc accompanying drawings, ul which.

FICi I ls a schematic diagram show ulg a rcfngcratlon
device with a freezing prevention system according to a first
preferred einbodinlent of the present invention:



FIG. 2 is a front view showing a relngcrmit evaporator
accordin to the hrst embodiment;

FIG. 3 is a flow diagram showuig a frcezuig prevention
control accordin to the lirst cmbodnuent,

FIG. 4 is a charac(enatic graph showmg a rclauonslup
bctwcmi rcfngcrant tcmperaturc Tc and a passuig time
according to thc first cmbodunent, and

FIG. 5 is an milargcd view showing a temperature sensor
provided ui a refngerant evaporator accordmg to a second
preferred embodiment of the present invention

DIITAII IID Diig('RIPI'ION Oli 'I) Il:
PRESENTLY PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described hereinafter with reference to the accompanying
illnivlltgs.

(First Embodunmit)
Tile lira t embodimmit of the prcscnt mvcntion w ill bc nliw

descnbcd with rcfcrcnce to FIGS. 1 —4. In thc lirst mnbodi-
nient, a freezing prevention system of a refrigeration device
is tyqucaliy used for a vehicle air conditioner As shov n in
lit(i. I, a vehicle air conditioner I with a refrigeration device
includes an air conditionin case 2, a blower 3. a refrigerant,,
cycle S used as a cooling unit, and a heater core 5 used as

hcaung unit. Air is blown by the blower 3 uito the mr
condiiioning case 2. and is uitroduccd into a passenger
compartnient thmugh an air passage of the air conditioning
case 2. The refrigerant cycle 8 includes a refrigerant evapo-
rator 4 disposed in the air conditioning case 2, and the heater
core 5 is disposed in the air conditioniitg case 2 downstream
of the refrigerant evapomtor 4.

The air conditionin case 2 has an inside air inlet 6 and an
outside air inlet 7 at its upstream cnd. Thc inlets 6, 7 are ii
opencdl aud closed by an uisalc-outsnle air switclmig &loor 8
in accordance with a selected inside-outside air mode Air is
blown into the passenger conipartment from air outlets such
as a defroster air outlet 9, a foot air outlet 10 and a face air
outlet 11 through branch air ducts 12. 13, 14 connected at so
downstream end sides of the air conditionin case 2. Thus,
conditioned mr after being thcmml-adjusied is blown from
the defroster air outlet 9 toward a wuidslucld tluough thc
branch air duct 12. Gonditioned air is blown from the font
air outlet 10 toward the fiiot portion of a passenger in the
passenger compartment tltrough the branch air duct 13.
Further. conditioned air is blown from the thee air outlet 11

toward the upper half body of the passenger in the passenger
compartment tltrough the branch air duct 14.

Upsuciun opening portions of the branCh air ducts 12, 13, o

14 arc opcncd and closed by thc air-outlet mode doors 12a,
13a. 14a in accordance with a selected air outlet niode,
respectively 'I'he air-outlet mode doors 12a—14a are dis-
posed upstream of the branch air ducts 12 14. respectively.
As the air outlet mode„a face mode. a bi-level mode. a foot s.
mode anil a defroster mode can be set, for example. In thc
face mode, cool air is blown from thc face mr outlet 11 to thc
upper luilf body of the passcngcr in thc passenger compart-
ment. In the bi-level mode, cool air is blown fmm the face
air outlet 11 to the upper half body of the passenger, and ro
warm air is blown from the foot air outlet 10 to the foot
portion of the passenger in the passenger compartment. so
that comi'ortablc tcmpcraturc distribunon of "coul head and
w ami lbot" can bc obtainixk In thc I'oot moCk, warm air is
blown from thc foot air outlet 10 toward thc Ibot portion of si
the passenger in the passenger compartment, thereby per-
formin heatin operation in the passenger cioaipartment In

thc defroster mode. conditioned air is blown from thc
defroster air outlet 9 toward the windshield, thereby defrost-
iug thc w indshicld.

The blower 3 includes a centrifugal fan 3a, and a fan
motor 36 fiir mtating thc cmitnfugal fan 3u A rotauon sperM
of the centrifugal fan 3a is determined by a voltage applied
to the fan motor 36 The voltage applied to the fan motor 31i

is controfled based on a control signal output from a control
unit 16 described later. tluough a motor drive circuit (not
shown)

Thc rcfrigcrant cycle S uicludcs a refngcrmit compressor
18, a refrigerant condenser 20. a receiver 21. an expansion
valve 22 mid the refrigermit evaporator 4 These components
of the refrigerant cycle S are connected by refrigerant piping
23 to form a circle. The refrigerant compressor 18 is driven
by receiving rotation Ibrcc of a vehicle cnguie (not shown).
and comprcsscs rclbigcrant. Tlic rcfngcrant compressor 18
includes a solenoid clutch 18a that is controlled io bc
energized through a compressor drive circuit (not shown)
Operation of the refri emnt compressor 18 is cioatrolled by
on-ofl control of the solenoid clutch 18a. The reibigemnt
condenser 20 cools and condenses hi h-temperature high-
prcssure rcfngcrant compressed by and discharged from the
rclbigcrant compressor 18. by pcrlbmnug heat exchange
with mr blown by a cooluig fan 19. Thc rccciver 21
temporarily stores refri emnt introduced from the refriger-
ant condenser 2tl, and discharges only hquid refrigerant to
the expansion valve 22. The expansion valve 22 decom-
presses and expands refrigemnt flowin from the receiver
21. Thc rcliigcrmit evaporator 4 cvaporates refrigcrimt alter
being dccompreascd by thc expansion valve 22, by absorb-
ing heat I'rum air blown by thc blower 3. Thcrcforc, air
passing thmugh the evaporator 4 is cooled

As shown in FKL 2, the refri emnt evapomtor 4 is a stack
type evaporator. The refrigerant evaporator 4 includes plural
tubes 41, and plural line 42 each of wluch is disposed
bctwiwn thc tubes 42. Thc plural tubes 41 arc ihsposcd so as
to extend in an up-doivn direction, and are disposed in
parallel to each other I iquid refrigerant fmm the receiver 21
flows into the expansion valve 22. and the decompressed
refrigerant decompressed in the expansion valve 22 flows
into a lower tattk 44 tlnough a refrigerant inlet 43. Cias
rclrigcrant evaporated m thc rcfngcrant evaporator 4 is
sucked from an upper nuik 45 into the rcfrigcraut compres-
sor Lg through a refrigerant outlet 46 While gas-liquid
two-phase refrigemnt floivs through the tubes 41. the liquid
refrigerant is evaporated

A friwzuig-prevention tcmpcraturc sensor 32, for detcct-
lllg ii tclllpci'iltiirc (c.g.. Silrflice tclllpi:raturi: ol tilt: rcfrlgcl-
ant evaporator 4 ui the lira( mnboduncnt) of rcfrigcrant
flov ing upward from the lower tank 44 to the upper tank 45,
is disposed on an outer surface of the tube 41 at a down-
stream air side position in the refngerant evapomtor 4.
Cienerally. because condensed water flows on the tubes 41
from an upper sale to a lower side. the condensed water
readily stores at a lower side oi the rcfrigcraut evaporator 4.
Tints, preli:rably, thc lbeczing-prcvcntiou tempcraturc sensor
32 is disposed on the tube 41 at a position except for a kiwer
portion, for example. at a position alxive the lower tank 44
by 50 mm or more. That is, the freezing-prevention tem-
perature sensor 32 is disposed at a position in the reibigemnt
evaporator 4 separated lbom thc bottom cnd of thc rcfnger-
ant evaporator 4 at least by a prcdetcnntncd distimcc. In tlus
way, the surface temperature ol'hc tubes 41, that is, the
refrigerant temperature in the refrigerant evaporator 4 can be
detected accurately
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lllc lli arel core 5 is collllcciixl tii B ciiolilig wtltcr clrciiit
(not shoivn) of the velucle engine through a hot v ster pipe
(not shown). The heater core 5 heats air passing there-
through by using engine cooling water, heated in cooling
operation of the vehicle engine. Bc a heat source. An air
amount passing tluouJt the heater core 5 and Bn Bir amount
bypassing tlu: heater core 5 are adjustcx! by an mr nuxing
door 26. Thc inside-outsule Bir switclung door 8. Ihc mr
outlet doors 12ir — I4U and the air mixing door 26 are respec-
tively operated by actuators. Iiach actuator is cnntrnlled in

based on a control signal output froin the control uiut 16
tlu ough a drive circuit (not shown).

Detection signals of sensnrs are input to the control unit
16 tluough an input uiterfacc 39 while operation signals sct
in an operation pmicl 17 arc input thereto. Herc, the sensors
includes an inside air tentperature sensor 33. an outside air
tenipemture seilsor 34. a sunlight sensor 35, a post-evapo-
rator sensor 36, a water temperature sensor 37. the freezing-
prevention tempemnture sensor 32 and a potentiometer 38.
The inside air tempemnture sensor 33 detects an Bir tempem- io
turc in ihe passenger compartment. and tlm outside mr
tcmpcraturc sensor 34 detects an air tcmpcraturc outside the
passenger compartment. The sunlight sensor 35 detects a
siuilight amount radiated into the passenger compartment,
and the post-evaporator sensor 36 detects an air temperature
at an outlet side of the refrigerant evaporator 4. Tlmt is, the
post-evaporator sensor 36 is disposed to detect the tempem-
turc of air inuncdiatcly aficr passlll tllrougli tlic rclhgcrant
evaporator 4. The water tcmperaturc sensor 37 detects a
tenipemture of engine cooling water. and the freezing- io
prevention tentperature sensor 32 detects the surface tent-
perature of the tube 41 of the refrigerant evaporator 4. 'I he
potentiometer 38 detects an open degree of the air mixing
door 26, so that conditioned air bavin. a predetermined
tcmpcraturc can bc obtmned. ii

lite opcrauou panel 17 is dtsposcxI on mi instrument panel
(not shown) at a I'rout side posinon of a dnver scat The
operation panel 17 includes an automatic sivitch. an oif
switch. a temperature setting sivitch. a set temperature
display. an inside-outside air selecting sivitch. Bn Bir condi- do

tioning switch. an air amount switch and an air outlet mode
switch. The automauc switch outputs a conunand for auto-
maucally controlluig each air condiuunm component of thc
refrigeration device, and thc olf switch outputs a conunand
for stopping operation of the refrigeration device 'the
tenipemture setting switch is used for setting an air tent-
perature in the passenger compartment at a desired tempem-
ture, and the set temperature display is used for digitally
displaying the sct tcmpcmturc. Thc inside-outside air settuig
switch is uscxl for manually sct1in any one of Bn outside mr o

introduction mode mid an uisidc mr uitroduction mode.
Outside air is introduced into the air conditioning case 2 in
the outside air introduction mode. and inside air is intro-
duced into the air conditinning case 2 in the inside air
introduction mode. s.

lite air condiuoning switch is used for mamially switch-
ing bcttt can a start operation of thc rcfngemnt cycle S and

stop operation of thc rcfrigcrant cycle S. Tliat is. cncrgi-
zation (on) and de-energization (Oiili) of the solenoid clutch
18a provided in the refrigerant comprewsor 18 can be io
manually switched by the air conditioning switch. The air
amount switch is used for changing an air amount of the
blower 3 stcziwisc, at three steps of B high level (maximum
mr amount), an intermcdiatc Icvcl (intermediate mr unouut)
and a low level (minunum air amouiu) m the Iirst mnbodi- si
nient. The air outlet mode switch is used for manually settina
the air outlet nlode I urtlter. the input interface 39 coilverts

analog signals of thc sensors 32 —37 and the potenuomcter 38
to digital signals, and outputs the converted digital signals to
the control unit 16

'I'he control unit 16 includes a read only memory (ROM)
16a. a random access menu&ry (RAM) 166 and a central
processing unit (CPU) 16C. Further„ the control unit 16
obtains a basis signal by a basis signal gcncrator (not shown)
iiiClUillllg ii Crystdl OSCllldtor, tllld tllC bdsis Slglial iS USCd ilS

tinung control The ROM 16a stores a formula used fiir
calculating a tar et air teniperature TAO, a formula used Iiir
calculating a target open degree SW of the air mixing door
26. initial data of an air introduction mode control chamtc-
teristic, initiai data of an air outlet mode control character-
iStiC, lllltldl data Ol B blowCr Colltlul CliaraCtcrlstlC, lllltldl
data of an air-conditioning control charactcnsuc, irutial data
of a compressor contml charactenstic. initial data of a
v ster-temperature control characteristic, a freezing preven-
tion control program, a predetermined control pmgram and
the like. The RAM 166 stores transient data enerated in the
control processing of the control unit 16 The CPU 16C
pcrfoiiiis vdl1CUs cillcllhltliiiis dlxl process bBsix! Cll tlic
control progrdnw stored in the ROM 16U.

Next, the freezing prevention system of the refngeration
device will be described with reference to the freezing
prevention control program. 1 he freezing prevention control
pro ram is perfomied, wlfile the operation of the refrigemtnt
cycle S is operated by turning on the automatic switch.
When thc rclbigcrant cycle S is opcratcd, rcfrigcrmit is
compressed by thc refrigerant compressor 18. Further, low-
temperature lov,-pressure refri enant after being cooled and
decompressed flows into the refrigerant evaporator 4,
thereby cooling air passing tlirou h a core portion of the
refrigerant evaporator 4. The core portion of the reibigemnnt
evaporator 4 is constructed with the plumnl tubes 41 and the
plural Iins 42. For example, when a tcmpcraturc of air
passing tluough the rcibigcrant evaporator 4 m low such Bs

iu a super-cooling state, water condensed on the rcfrigcrant
evaporator 4 inay freeze 1bis freezing prevention control of
the first embodiment is used to prevent the condensed water
from freezing. In this freezing prevention control, the opera-
tion of the refrigerant compressor 18 is stopped based on a
tcmperaturc dctcctcd by the frcezuig-prcvcution tcmperaturc
sensor 32.

Spccflically. as shown ui FICI 3. at stc)3 100, it is
deternnned whether or not the refri enant conipressor 18 is
opennted When it is detemiined at step I Ill that the refrig;
emnnt compressor 18 is operated„ the control program pro-
ceeds to step 110, and the freezing prevention control is
started. At step 110, trmisient data stored ui a data process
memory oi'he RAM 160 is initializcd. mid a total value A
(integral value) oi'uitcgrated temperature dcscnbcd later is
reset to zero. At step 12(t die coiltrol uitit 16 inputs a
refrigerant teinperature Te detected by tbe freezing-preven-
tion temperature sensor 32. At step 130. it is determined
whether or not the input teniperature Te is equal to or lower
than an uitcgratuig start temperature Ts. The intcgraung start
tcmperaturc Ts (integral siarting tmnpcrature) is a surface
tcmperaturc (i.c., refrigerant temperature) dctectcd by thc
freezing-prevention temperanire sensor 32, at a time where
condensed water on the outer surfaces of the tubes 41 starts
freezing. The integrating start tempemture Ts is beforehand
set and stored in the niemory.

For cxamplc. ii'a friwzing temperature oi'condcnscd w aier
is O'., tliC llltCgliitlllg start ICIlipCrtltUrc TS iS SilbstalltlBllv
cqilal to 0 C. Accordlllgly, it is iletcrllllned wllctller or not
cmtdensed v;ster on the refri erant evaponator 4 starts freez-
ing, by determining ivhether or mit the refrigerant tempem-



lure Te is lower than thc ultcgrating suirt temperature Ts
(e .. substantially 0" (1) When it is deteunined that the
refrigerant tenlperature 'I e is lower than the intearating start
tenlpemture Ts, an integrating value l)i'. is calculated at step
140. The integratin value DE is an absolute temperature
difl'erence betv,een the refrigerant temperature Te and the
intcgrdiing start Icmpcrature Ts muluphml by a cycle time
CT, as shown ul thc I'ollowing fomlula II).

Di: — I — I. I
r'1 I I I

I i 1

Fnr cxtunple, thc cycle time CT is a data ultcrnipt cycle
time (c.g., 25 milli-seconds) of thc control process. Tha! is,
thc tcmpcrature diffbrcnce is multiplied by an mput cycle
time of the refrigerant temperature 'I'e, thereby obtaining the
integratin value l)ii I

At step 150, Ihc total value A flntcgrai value) of the
intcgrdtcd tcmperaturc is calculated by usulg thc followulg
lorulUld (2).

I — I+OS Ll
lo

lllat is. Ihc integrated value calculated every mput cycle
is added Io Ilu: past total value A of Ihe mtegratcd Iempera-
ture. thereby obtaining the new total value A of the inte-
rated temperature At step 160. it is deteunined whether or

not the new total value A of the integrated temperature is .;
lar er tlmn a set value X stored in the memory. The ser value
X is obtained by studies of the present inventors, and will be
nnw dcscribcd with refi:rcucc to FIG. 4. FIG. 4 is a char-
dcxcnstic graph showing a relalionship belwccn a passing
tinle and a surface tenlperature 'le detected by the freezing-
prevention temperature sensor 32 in the super-cooling state,
for example. cvhen a temperature of air passin tluou h the
tubes 41 of the refri emnt evapomstor 4 is low.

As dcscribcd above, when thc rcfngermlt temperature Tc
detected by the freezing-prevention tempemsture sensor 32 lc
reduces lower than 0" (' condensed ivater on the refrigerant
evaporator 4 starts freezing. Specifically. the condensed
water benveen the tubes 41 freezec due to latent heat
transmission Ibom thc condcnscd water. Accordm ly, a
latent heat amount ul a prcdctemuncd volume of water, do
corresponding to an arcs Y ul FIG. 4, is sct as the sct value
X, and the set value X can be calculated by integrating the
refrigerant temperature Te with respect tn a passed tinle afier
the refrigerant temperature Te becomes lower thon O'. In
the freezin prevention control of the first embodimenr, the d-

operation of the refrigemnt comprescor 18 is stopped when
Ihe total i slue A (integral value) of Ihc intcgratcxl Icmpcra-
Iurc becomes larger Ihan thesct value X.

When it is determined at step 160 that the total value A of
the integrated temperature is equal to or higher than the set o

c slue X. thc control progrmn proceeds to step 170. 111cn, thc
Ioial value A ol thc uuegratcd lcmpcmturc is rcscl Io zero at
step 170, and the operation ol'he rcfrigcrant compressor 18
is stopped at step F80 1'hereafter, the refrigerant tempera-
ture Te is illput to the contnll lulit 16 at step 190, and it is 1

determined at step 200 v hether or not the refrigeranr tem-
perature increases to a return temperature Ton (e.g.. I" C ).
When it is detcnnuled at step 200 Ihdt Ihe refn ermlt
tcmpcraturc Tc ulcrcascs Io bc equal Io or more Ihan the
return Icmperdturc Ton, Ihc refugeranl compressor 18 is io
re-started at step 210 Specifically, at steps 180. 210, the
control unit 16 perfilnns on-off control (energizatinn cnn-
trol) of the solenoid clutch 18a, thereby controlling the
operation state of the refrigemsnt compressor 18.

In Ihc lrixzin prcvcution system accordm to Ihc lirst sc
embodiment, when the iefugerant temperature 'I'e of the
refrigerant evaporator 4 becomes substantially lnlver than 0"

C., latent heat from condensed water is Iransmiued on thc
refrigerant evaporator 4, so that the condensed water starts
freezing ln this case, the total value A of the integrated
temperature is calculated by integrating the refrigerant tem-
perature Te detected by the freezing-prevention temperature
sensor 32. with respect to a passed time afler the reihigemcnt
tcmpcrature Tc reduces substantially lower than 0" C. Fur-
thcl; Ihc hltclu ical dllxiUlu 111 Ihc prcdctcmliucd volUulc ol
cmldensed water is beforehand estimated, and is set as the
set value X then, when the total value A of the integrated
temperature becomes equal tn or larger than the set value X,
the operation of the refrigerant compressor 18 is stopped.
Therefore, the freezin prevention control can be accumctely
pcrfomlcd by rapidly detccung Ihc Icmperaturc at wluch thc
collilcllscd wiitcl stdlm hcczlug

liurther, because the freezing-prevention tenlperature sen-
sor 32 is disposed to detect the surface tenlperature of the
tube 41, the temperature of refrigerant flowing through the
tubes 41 in the refrigerant evaporator 4 can be accumstely
detected. Therefore, even when a refri emcnt temperature in
the rcfugcrant cvapordior 4 having a small size rapidly
changes, a response pcrformancc of thc freezing prcvcntion
cmltrol with respect to the refrigerant temperature change
can be effectively impmved without using an additional
menlber such as an air flow reduciim menlber and an air fini
increasing member. Thus, the freezing prevention control of
the refri erant evaporator 4 can be accumctely performed in
thc rcl'rigeration dcvwe in low cost.

Thc condensed water is generally readily stored on thc
tubes 41 at the lnlver side in the refrigerant evaporator 4
I lowever, in the first embodiment, because the freezing;
prevention tempemsture sensnr 32 is disposed on the tube 41
at a position except the lower portion, the surface tempera-
ture of the tube 41. that is. the refrigemcnt temperature in the
relyigcrant evaporator 4 can bc accurately dctccted. Fuuhcr,
bixause thc frcezulg-prcvmltion temperature sensor 32 is
disposed at Ihc downstream air posiuou in Ihc rcfrigcrant
evaporator 4, the freezing-prevention temperature sensor 32
is not affected by air tn be intmduced into the refrigerant
evaporator 4. so that the refrigemcnt temperature can be more
accurately detected.

Gcncrally, thc Iempcraturc at wluch condensed water on
thc refugcrant evaporator 4 starts freezing delays for a lime
with rcspixt to thc surface tcmperdturc of Ihe tubes 41. In
tlus embodiinent, the integral value (i.e, total value A of the
integrated temperature) is obtained by integrating the refrig;
emcnt temperature Te detected by the freezing-prevention
temperature sensor 32, with respect to the passed time after
the refrigerant temperature Tc bccomcs substantially lower
than Ihc intcgmting start tcmpcraturc Ts. When the total
value A ol'he ultcgrated Imnpcrature becomes equal to or
larger than the set value X, the npemction of the refrigerant
cmnpressor 18 is stopped. In this way, the refrigemcnt tem-
perature Te detected by the freezin -prevention temperature
sensor 32 is corrected by the lute@ ating statt temperature Ts,
thcrcby morc rapnlly and morc accurately dctccting thc
frixzing start tcmpcraturc at which Ihc coudcuscd water
starts frcczing. Therclbrc. thc freezing prcvcntion contml
can be more accurately perfnnned

(Second I lmbodiment)
In the above-described first embodunent of the present

invention, the freezing-prevention tempemcture censor 32 is
disposed Io contact thc tube 41 at a posiuon cxccpt for Ihe
lowcl porlioll of Ihc lclrigcl'iult cvdporator 4 However. Ihc
frixzulg-prcvmltion Iempcraturc sensor 32 cdu be dtsposcxI
on a surface of the refrigerant evapomltor 4 except for the
tubes 41, to detect a surface temperature of the refrigerant



OTHER EMBODIIvIENTS IU

Al thou h the present im ention has been fully described in
connection tvith the preferred embodiments thereof with
reference to the accompanying drawings, it is ro be noted
that vdnous changes and moddications will become appar-
ent lo those skilltxl in the an.

For example, In thc above-dcscnbed Iirsl embodiment, It

is determined at step 200 whether or not the refrigerant
temperature 'I'e becomes higher than the return temperature
Ton (e.g.. I" C.L The return temperature Ton can be set at IU

a value obtained by intektrating the refrigeranr rempermue
Tc with respect lo a passcxt tune aller Ihe relrigeranl lmn-
pcrdlure Tc increases equal to or higher Ihmi O'. Thercftirc,
rcleasc of the freczc prcvcntion coiurol can be accuralcly
deterniined. In this case, a tempemture sensor used for is
re-startin rhe operation of the refrigemsnt compressor 18 Is
not required. but the freezing-prevention temperanrre sensor
32 can be used as the temperature sensor. Therefore. pro-
ducxron cost of thc freezing prcvenuon syslem can be
rcsluccd. Chile thc freczuig prcvenuon control die frceze do

pret ention systmn can bc accurately pcrformcd.
ln the above-descnbed embodiments, the refrigerant coni-

pressor F8 Is driven by the vehicle engine through the
solenoid clutch 18a, and the on-ofi'peration control of the
refrigerant compressor 18 is performed by controllin the d-

solenoid clutch 18a. However. for example. the on-ofi'peration

control ol'n clectnc compressor may be pcr-
formtxl by controlling an electric motor of thc electric
coinpressor. I urther, tile present invention may be applied to
a refrigeration device or an air conditioner including the
refrigerant cycle S. without being limited to the vehicle air
conditioner in the above embodiments.

Such changes and modifications are to be understood as
beuig vs Ithui thc scope ol'hc present invention as dclincd by
thc appmidcd clauns. i.

What is clauned is:
1. A freezin prevention system for a refbigerntion device

includmg a refngcrant compressor for comprcssm and
discharging refrigerant rmd a refn crant evaporalor for
Cvripordlilig lilt: rt:filgt:IBIII BRCI bcillg CoolCII Blid tlt:Corti- sii

pressed. the freezing prevention system comprising
a teniperature detection unit disposed in the refrigerant

evaporator. for detectmg a refri emsnt tempemnire in
the refri emsnt evaporator: and

a control unit lor conlrolhng operalion Uf lhc refn ermil ss
compressor based on the refrigemsnt temperature
detected by the temperature detection unit, wherein,

evaporator 4. For example, as shown in FIG. 5, the frcczing-
prevention temperature sensor 32 can be disposed on the fin
42 between the tubes 41 to contact the fin 42 Even in tlus
case, the outer surface temperature of the refrigerant evapo-
rator 4, relating to the refrigemsnt temperature in the refrig-
erant evaporator 4. can be detected by usin the freezing-
pretention Icmperaturc sensor 32. Thar is. Ihe temperature
dettx lcd by lhc frcczing-prevenuon lcmpcralurc sensor 32
cmi be used as the refrigemsnt temperature Alternatively. the
freezing-prevention temperature sensor 32 can be disposed IU

on the upper tank 45 to contact the upper tank 45 I'urrher,
the freezing-prevention temperature sensor 32 can be dis-
posed to detect an evaporator temperature relating to the
It:fllgCrdlll It:IilpCIdrlirt: ill lilt: rcfrigCldlil CVBpoldlor 4.

In the second embodiment. thc other parts uicluduig thc
freezing prevention contml are similar to those of the
abm e-described hrst embodiment, and advantages
described in the first embodmient can be obtained

10
lhc control unit uicludcs a calculaung means for calcu-

lating an integral value of the detected refrigerant
temperature integrating with respect to a passed time
after the detected refriaerant tenipemsture becomes
equal to or lower than a predetermined integmting start
temperature:

the control unit slops the operation of thc rcfrigcranl
compressor when lhe uilcgral value calculated by Ihe
calculating means beconies equal to or larger than a
predetermined value;

the control unit funher includes another calculatmg means
for calculating another integral value of detected refbig-
ermt temperanire integmsting v,ith respect to a passed
time afier Ihc dclectctl relbigcrant tempcraturc becomes
higher limn thc prcdcicmiintxl uilcgranng start tem-
perature: and

the control unit re-starts the operation of the refrigemsnt
compressor when the another integral value calculated
by the another calcuLating means becomes equal to or
larger than a predetemlined re-start value.

2 Thc freezing pret cnuon system according to claim I,
whcrcin Ihc lempcralurc detection unit Is a Icmpcralure
sensor disposed on the refri erant evapomstor to detect a
surface temperature of the refri erant evaporator

3 Tile freezing prevention system according to claim I,
wherein:

the refrigerant evaporator includes a plurality of tubes in
which thc refrigerant after being cooled and decom-
prcsscxl fiows, and a plurality ol'Iins each of wluch is
disposed between rhe tubes; and

the temperature detection unit is a temperature sensor
arranged on one rube among the tubes to detect a
surface tempemture of the one tube.

4 The freezing prevention system according to claim 3,
whcrcin.

the tUbCB BIC dirdllgCd to t:xlCIli! Iii II Vt:IIICBI tliICClionol'llC
IC'f1 igcrallt CVripol'rilolt Bliil

the tempemsture sensor is armsnged on the one tube at a
position separated at least by a predetermined distance
from a bottom end of the refngerant evapnrator in the
vertical direction.

5 Thc frcczing pret ention system according to claim 1.
wherein the prcdclermincd integrating start tempcraturc Is a
tcmperaturc al wluch condmised water on thc refrigeranl
evaporator starts freezing

6 I he freezing prevention system accordmg to claim 2,
v llcrciil:

the refrigerant evaporator includes a plurality of tubes in
which Ihc rclbigcr;ml aficr bcuig cooled and dccom-
prcsscd fiows, rmd a plurality ol'ins each of wluch is
disposed bclv ccn lhe tubes, and

the temperature detection unit is a temperature sensor
arranged on one Iin anion the fins to detect a surface
temperature of the one fin

7 A freezing prevention system for a refrigeration device
IIIChithllg a IclrigCI'iilll Colllprt:ssor IOI'olllplt:ssillg Blltl
discharguig refrigerant;md a refngcranl evaporator Ihr
evaporating Ihc rcfngcranl after being cooled mid decom-
pressed, the freezing prevention system comprising

a temperature detection unit disposed in the refrigerant
evaporator. for detecting a refrigerant temperature in
the refrigerant evaporator; and

a control urut for controlluig opcrauon of Ihc rcfrigcranl
compressor based on thc rel'ngcranl Icmpcralure
dclcvtcd by thc temperature dctccnon unit, wherein.

the control unit includes a calculating means for calcu-
lating an integral vahie of the detected refrigerant



tcmpcraturc integrating with respecl lo a passed time
afler the detected refrigerant temperature becomes
equal to or lower than a predeterinined integrating start
tempemture;

the control unit stops the operation of the refrigerant
conlpressor v hen the intetrral value calculated by the
cdlcllianng nlcdns bccolncs equal Io ol 1BI cl thinl II

prcdctcrmnuxl value: and
the predetermined value is calculated by a latent heat

amount in a predetermined volume of the condensed lo

water in the refrigerant evaporator
8. The freezing prevention system according to claim 7,

lvherein the control unit re-staits the operation of the refri-
cranl compressor when the dclcctcd rcfngerant lcmpcralurc
is lughcr than a prixlclcrmincd rc-stdrl value. I

9 An air conditioner comprising
ml air conditioning case for defining an air passage

dtrough which air flows into a conlpartment;
a refrigerant cycle including a compressor for compress-

ing refri emsnt, a condenser that cools refrigerant dls- lo
charged from the compressor. a decompression unit for
ihx'onlprcssnlg rcirlgcldlil trout Ihc colulcllscl, Bail Bn
evaporator disposed in the air conditioning, case to cool
air by evaporating refrigerant form the decompression
ullll1

a tenlperature detection unit for detecting a temperature of
the evaporator, reLating to a refrigerant temperanlre in
thc evaporator, Blul

a control unit filr conlrollulg operation of Ihc refngcrmll
compressor based on the temperature detected by the io
tempemture detection unit, wherein:

12
lhc control unit ulcludcs a calculaung mearm for calcu-

lating an integral value of the detected refrigerant
temperature integrating with respect to a passed tiine
after the detected temperature becomes equal to or
lov,er than a predetermined integmsting temperature:

lhc control unit stops ihe operation ol'he compressor
when Ihe ullcgral value cdlculaud by thc calculatulg
meails becomes equal kl or larger thail a predetermined
value; and

the predetermined value is calculated by a latent heat
dnloullt nl II plcxlclcnnnlcd volunlc of lhc colulcllsix!
walcl nl fllc Icfllgcldnl ci Bpiudtor.

10. '1'he air conditioner according to claim 9. wherein the
temperature detection unit is a temperature sensor for detect-
ing a surface temperature of the evaporator.

11. Thc air conditioner according to claim 10, whcrcul.
the evaporator includes a plurality of tubes through which

refri erant flolvs, and a plurality of fins each of which
is disposed between the nlbes: and

lhc lcmperaturc sensor is disposed on one tube lo dclecl
a surface tempemture of the one tube

12. The air conditioner according to claim 10, wherein:

the evaporator ulcludes a plumlity ol'ubes tluough wluch
rcfngcranl flows, mid a plurality of lins each ol'wluch
is disposed between the tubes: and

the temperature sensor is disposed on one fine to detect a
surface tempemture of the one iin.


