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(s7) ABSTRACT

Thc air hcatin capability of an indoor heat cxchangcr is
limited to set thc tempcraturc of the indoor heat exchanger
(o a Iir&t prede&ermined &ampere(ure Tel or lower dunn ~

heatmg. Thereby, fogging is prevented through
re-evaporauon of. &he condensed water in the indoor heat
exchanger during heating within an air-conditioning appa-
ratus with a hot &vater heater core usin hot water as the heat
source and the heating circuit.

10 Claims, 15 Drawing Sheets
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AIR-CONDITIONING APPARATUS FOR
VEHICLE

CROSS-REFERENCE TO RELATED
APPI.I('AI1ON

The present invention relates lo an air-conditioning appa-
ratus for heating the compartment within a vehicle with a hot
water heating apparatus, and more particularly to an air
conditiomng apparatus that prevents windoiv fogging duc to
rc-evaporation of condensation water.

FIELD OF THE INVENTION

Thc present invention relates to an air-conditioning appa-
ratus for heating the compartment within a vehicle ihrough
with a hot water heating apparatus, and more particularly to
an air conditiomng apparatus that prevents ivindniv fogging
due to re-evaporation of condensation water

13ACK(IROUND OF l1IE INVL&NTION

A hot-water heating apparatus has been userl to heal air
with a heater core using hot-water as a heat source by
circulating the hot-water (engine coolant) through the heater
core during vehicle compartment heating during winter In
this case, when thc hot-water temperature is low, thc air
outlet tcmpcraturc is also low and thcrcby not attaining
sulhcient heating.

Therefi&re, JP-B2-5-39807 discloses a heating circuit fur-
ther combinerl with a hot-water heaung apparatus to operate
a heating circuit when the air outlet temperature of the hot
water heater core or hot-water temperature is in&ver than a
prcdctcrmincd tcmpcraturc and to improve heating capabil-
ity by heating air passing through thc hot water heater core
with an imloor heat exchanger and heating circuit.

In some cases, an air-conthuoning mode is set to liller
external air tlunng heating in winter. In this case, the air
must be cooled and dehumidilied to prevent fogging.
I'herefore, the indoor heat exchanger is operated as an
evaporator for operating the heating circuit to encl air until
thc cxtcrnal air temperature is lowered up to about O'.

Thcrcforc, in some cases, the heating circuit is operated
for heating bccausc thc heating capability is reduced after
the healing circuit cools to prevent logging when ihe exter-
nal air temperature is about 0'. Moreover, in some cases,
the heating circuit is stopped after cnoiing and then started
again to heat.

In the above cases, since the condensed ivater generated
during coolin remains on thc surface of the indoor heat
cxchan cr, if thc heating circuit is operated to heat, the
imloor heal exchanger r;abates lhe heal as a high pressure.
stile heat exchanger (heal rathator of coolant gas) and
thereby rapnlly increasing the temperature of. the indoor heat
exchanger. As such, the cnndensed water on the surface of
the indnor heat exchanger is re-evapnrated and is blown into
thc vchiclc compartment, thereby causin fogging.

Morcovcr, thc condcnscd water en(rated during cooling
with thc indoor heat cxchan er is not easily evaporated at thc
lower external air temperature rluring v:inter and thereby
remains for a long time. Thereiore, fogging is someumes
caused when heating begins ivith the heating circuit even
after a certain period nf time has passed after sivitching to
cooling

SUMMARY OF THE INVENTION

The present invention provides an air-conditioning appa-
ratus for heating a vehicle compartment with a hot-water

heaung apparatus using hol-water as the heat source and
using a heatin circuit to defog with re-evaporation of
condensed ivater in the indoor heat exchanger during heating
circuit heating.

In onc aspect of thc invention, an indoor heat cxchan cr
operates as a low prcssure side heat exchanger rlurin thc
heanng circuit cooling anil as a high pressure side heat
exchanger dunng healing circuit heating. A heater core is
positioned downstream of lhe indoor heat exchanger to heat
the air using the hot-ivater as the heat source, ivhereby the
air heating capability of the indoor heat exchanger is limited
so that thc tcmperaturc of indoor heat exchanger bccomcs
lo&vcr than thc first predetermined tcmpcraturc dunng heat-
ing circuit heating.

Accordingly, the temperature of the indoor heat
exchanger is mmntained lower than the lirsl pretlelerminetl
temperature (Tel) during the air heating operation
Therefore, re-evaporation of the condensed water on the
surface of the indoor heat exchanger can be suppressed

—. durin heating. Thcrcforc, fogging resulting from thc hi hly
huniitlitietl air is supprcsscd by scttin the first prcdetcr-
mined temperature (Tel) to a low temperature such that the
contlensed water is nol easily re-evaporated, for instance10'.

As a supply source of the hot-water to the heater core, a
fuel battery or the like can be used in addition to the vehicle
engine.

In another aspect, the present invention inclutlcs a tlcter-

... mining nicans to dctemiinc whether thc vehick window
glass ts fogged or not to limit lhe air heaung capabihty of the
mdoor heat exchanger when the determining means deter-
mines that the wintlow glass is fogged.

Accordingly, when it is determined that the wintlow glass
is fo ed during heatmg, lhe air heanng capability of ihe
indoor heat exchan er is limited to reduce blowmg highly
humidihed air to suppress fogging Moreover, when window
glass is not fogged, this action is cancelled.

In another aspect, a determining means can tletermme
ivhether fogging has occurred based on humidity near the
vvindows as con&parcel with gcncral humirlity. Herc, humirl-
ity near the windo&vs can be calculate(i (cstimatcrl) from thc
vehicle cnvironmcnt and opcratin conditions of thc air-
contlitiomng apparatus, in addinon lo the direct detecuon
with a humidity sensor. For example, humidity of the imloor
air near the ivindow glass can be calculated (estimated)
based on the physical amount in relation to the temperature
of windoiv glass. The physical amount in relation to the
tenipcraturc of win(low glass can also bc calculated

s& (cstiniatcd) from thc temperature of the win(low glass and
some other physical quantity such as external air
temperature, vehicle speed or lhe like correlated to the above
physical amount

Moreover, smce the intloor air humidity correlates to the
temperature near lhe wintlow glass (when the temperature is
higher, relative humidity is lower), air humidity can be
estimated from the indoor air temperature near the window
glass and this indoor air tempcraturc near the window lass
can be cstimatcd from thc outlet tcmpcrature of thc air-

so conditioning apparatus.
As such, in another aspect, hot-water tcmperaturc is uscrl

as a physical amount in relation to the indoor air humidity
near the wintlow glass and it can be determinetl that the
wmdow glass is fogged when lhe hot-water temperature is

ss lower than lhe predeterminetl hot-water temperature (Two).
Namely, since the outlet temperature of the air-conditioning
apparatus changes dependin on the temperature of hot-



water circulanng in the heater core, it is rletermined whether
the windoiv glass is fogged or not based on the hnt-ivater
temperature

In another aspect, the determination level (Tive) of the
hot-water tcmpcraturc can bc varied depending on thc
change of the cxtcrnal air temperature closely corrclatcd
with the temperature of the window glass and thereby
fogging can be determinerl accurately by compensaung the
predetermined hot-water temperature (Two) to a higher
temperature sirle through a drop nf the external air tempera-
ture

In annther aspect, the determining means can determine
whcthcr thc window lass is fogged based on the record of
thc heating circuit cooling.

In another aspect, thc tcmperaturc of thc indoor heat
cxchangcr corresponding to an assured resistance pressure
(Pfl) when thc inrloor heat exchanger operates as a low
pressure sirle heat exchanger is set as a second predeter-
mined temperature (Te2). Thereby, the air heating capabiliiy
of the indoor heat exchanger is controlled to set the tem-
perature of the indoor heat exchanger higher than the first
predetermined temperature (I'el) hut loiver than the second
prcdctcrmincd temperature (Te2) when thc dctcrminin
means dctcrmincs that the window glass is not fogged. As
such, when the window glass is not fogged, ihe air heaung
capability of the heaung circuit can be enhanced by seuing
the temperature of the indnnr heat exchanger higher than the
first predetermmed temperature (Te I) Moreover, the indoor
heat exchanger designed as the loiv pressure side heat
cxchangcr can bc prefi:rably utiiized for practical usc as thc
high prcssure sirlc heat cxchangcr ivithout any design
change to improve the pressure resistance by seuing the
temperature of the indoor heat exchanger lower than the
second predetermined temperature (Te2) cnrrespolidilig to
the assured resistance pressure (Pfl) of the heat exchanger
operating as the low pressure side heat exchanger

In another aspect, the heating circuit can be stopped ivhen
the determining means determines that the windoiv glass is
not fogged.

In another aspect, the air heating capability of the indoor
heat exchanger can he cnntrolled with a compressor of the
heating circuit.

In annther aspect, an indnor heat exchanger operates as a
low pressure side heat exchanger during heating circuit
coolin or as a high prcssure side heat exchanger during thc
air heating operation thcrcof, a compressor is driven with a
vehicle engine to circulate the coolant in the heanng circuit
and a heater core is positioned rlownstream of. the indoor
heat exchanger to heat the air using the hot-water supplierl
from the vehicle engine as the heat source. Thereby, poiver
to the compressor is increased until the temperature of
hot-water wscs to thc prcdetcrmined temperature when heat-
ing circuit heating is sct.

Thereby, when the hot-water temperature is lnw, vehicle
cnginc power can bc increased. Therefore, rise of hot-water
tcmpcraturc can bc accelerated. Accordingly, since thc
period until the hot-water temperature rises up Lo the pre-
determined temperature is shortenerl, vehicle compartment
heating is realized quickly after the vehicle engine has
started

In another aspect, the air heating capability of. Lhe indoor
heat exchanger is limited tn set the temperature of the indoor
heat exchanger lower than the predetermined temperature
when thc cnginc power increased.

In another aspect, since the temperature of the indoor heat
exchanger is maintained undler the predetermined tempera-

lure (Tel) when en nne power is increased, re-evaporauon of
condensed ivater on the surface of the indoor heat exchanger
can be suppressed durin heating. 'I'hereby, fogging due to
hloiving of highly humidified air is suppressed hy setting the
prcdctermincd tempcraturc (Tel) Iown (such as, for
example, 10'.).

Moreover, since setting the engine power to an increased
conilition causes the hot-water temperature to nse, the time
Lo hmit the air heating capability of. the indoor heat
exchanger can also he shortened to suppress fogging, help-
ing to quickly increase the vehicle compartment heating

In another aspect, the hot gas heater cycle that heats with
exhaust gas coolant can be set by introducing the exhaust as
coolant of the compressor directly to the inrloor heat
cxchan cr and operating thc hot gas hcatcr cycle until thc
hot-water tcmpcrature rises to the predetermined tempera-
ture uniler Lhe condinon that heating circuit heating is set.

Here, in the hot gas heater cycle, thc indoor heat
cxchan er radiates heat corresponding to thc amount of
compression work done by compressor. The hot gas heater
cycle mcreases compressor power more than the heaun ~

circuit As vehicle load of engine 22 increases, hot-water
temperature rise can be accelerated and the air heating in the
vehicle compartment is quickly raised by selecting the hot
gas hcatcr cycle when the hot-water tcmpcraturc is low.

In another aspect, an electric expansion valve is provided
to rcducc high prcssure coolant passing to the indoor heat
cxchan er to a low prcssure coolant during heating circuit
hcatin . As such, an opening angle of thc clcctric expansion

I)
valve can be hekl in Lhe predetermined opening angle or
more until the hot-water temperature rises to Lhe predeter-
mined temperature during heating circuit heating

Thereby, smce compressor H power can be increased
with increased coolant circuhinon of the heating circuit Ill
hy increasing the opening angle of the electric expansion
valve ivhen the hot-water temperature is low, engine 22
power is incrcascd to incrcasc thc hot-water tcmpcraturc and
thereby incrcasc vchiclc compartment heating.

In another aspect, high pressure (high pressure coolant
tcmpcraturc) durin hcatin can further bc incrcascd by
utilizin CO, as the coolant.

I'urther areas of applicability of the present invention will
become apparent front thc detailed description provided

„s hcrcinaftcr. It should be understood that thc detailed descrip-
tion and specilic examples, while indicann preferred
embodimenLs of the invenuon, are intenrled for purposes of
illustration only, since various changes and modifications
ivithin the spirit and scope of the invention will become

str apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The prcscnt invention will Iiccomc more fully understoorl
from thc detailed description and thc accompanying
draivings, wherein:

FIG. I is a schematic view of a first cmborlimcnt of thc
prcscnt invention;

lqG. 2 is a control flowchart accordin to the first embodi-
„., ment of thc invention;

I'Itl. 3 is a graphical view showing the determination
temperature of the hot-ivater temperature oompensated with
external air tcmpcrature accordin to thc invention;

lqG. 4 is a control flowchart accordin to a second
es cmborlimcnt of the invention;

I'Itl. 5 is a control floivchart according to a third emhodi-
Inent of the invention;



FIG. 6 is a control flowchart according to a fourth
embodiment of the invention;

I'IG. 7 is a control flowchart according to a fifth embodi-
ment nf the invention;

FIG. 8 is a schematic view of a sixth embodiment of thc
invention;

FIG. 9 is a graphical view of Ihe hot gas healer cycle userl
in thc sixth embodiment and thc compressor power by the
heating circuit accordin to thc invention;

FIG. 10 is a control flowchart of Ihe sixth embodiment of
the inventinn;

FIG. 11 is a schematic view of an eighth embodiment of.

the present invention,
FIG. 12 is an clcctric control block dia ram of the eighth

emboihment,
FIG. 13 is a control flowchart of thc ei hth embodiment;
I'IG 14 is a cnntrnl flnwchart shoiving an example of

8460 in FIG. 13;
I'IG. 15 is a control characteristic map in the eighth

cmborhmcnt, and
I'IG 16 is a cnntrni flnwchart shoiving an example of

S470 in 11G. 13.

t)Lil'AII.LiD DILSGRIPTION

Ol'HL'NVENTION

First Embodiment
FIG. 1 is a schematic of an air-conditioning apparatus for

a vehicle lor a lirsl embodiment. Here, a cooling cycle has
a healing circuit 10 that can change between ihe air cooling
operation and the air heating operation. The heating circuit
10 of this embodiment is an ultra-critical cooling cycle
utilizing GOi (carbon dioxide) as the coniant. I'his ultra-
critical cooling cycle is disclosed in JP-A No. HEI 5-30326.
In some case, thc high pressure coolant is used at a pressure
higher than critical, anil in such a case, the high pressure side
coolant is not conilensed and radiates heal while in a gaseous
state.

The canting cycle is alan referred tn as a refrigeration
cycle The heating circuit 10 is also referred to as a heat
pump system. Thc coolant is aLso referred to as a refrigerant.

C'omprcssor 11 is an electrical compressor driven by a
motor anil that ailjusts the exiling capability (amount of
exinng coolant) by controlling Ihe number of motor revo-
lutions (for example, by using an inverler or Lhe hke). A
four-way valve 12 controls the position nf the valve body
itself to change the flow direction of the coolant from the
exiting side to thc intake side. An arroiv mark A of the solid
linc indicates thc coolant flow direction during coolin,
whtle arrow B of the brol en line indicates coolant flow
direction ilunng heanng.

An ouliloor heat exchanger 13 is posiuoned within the
vehicle engine room together with the compressor H for
heat exchange with the external air (cooling air) blown ivith
an clcctmc cooling fan 13a. During coolin, thc indoor heat
cxchan cr 13 opcratcs as a high pressure side heat
exchanger (gas heat radiator) and dunng heating, Lhe out-
door heat exchanger 13 operates as a low pressure inde heal
exchanger (evaporator). A decompression apparatus 14 is
positioned between the outdonr heat exchanger 13 and the
indnor heat exchanger 15 to reduce pressure and expand the
high prcssure side coolant of thc heating circuit to low
prcssure. This dccomprcssion apparatus 14 is fomied of a
vawable throttle aml for example is formeri of an eleclnc
expansion valve that has an electrically adjustable Ihronle
opening angle

An accumulator 16 is positioned between the four-ivay
valve 12 and the intake side of the compressor 11 to receive

Ihe coolant from the evaporator exit (imloor heat exchanger
15 or outdoor heal exchanger 13), reserve the fluid coolant
by isolating thc fluirl of thc coolant and cause thc compressor
11 to intake thc gas coolant anti a small amount of fluirl
coolant (oil is dissolved) existing in the area near the bottom

An indoor unit 17 of the air-conditioning apparatus for the
vehicle has an air-condinoning case 18. This case 18 forms
an air path 19 through which Ihe air flows into the compart-
ment of thc vehicle. Thc air is sent with an clcctric blovur
20 positioned in the air-conrlitioning case 18. At the intakeia
side of the blower 20, a box for switching between internal
and external air is provided. Thereby, the internal air (air in
Ihe vehicle compartment) or external air (air outside the
vehicle compartment) is swilchetl. During heaung in winter,
the external air is usually introrluccd into thc intcrnah
external air switching box to prcvcnt fogging

The indoor heat exchanger 15 is positioned doivnstream
of the bloiver 20 to operate as the low pressure side heat
exchanger (evaporator) Lo which low pressure coolant is
supplied dunng cooing. Therefore, the low pressure coolant

ao absorbs anti cvaporates heat from thc air in thc indoor heat
exchanger 15 to cool the air blown with blower Z3 for air
conilitiomng. Moreover, dunng heanng, the indoor heal
exchanger 15 operates as a high pressure side heat
exchanger (gas coolant heat radiator) to which high pressure

as coolant gas in the exiting side of the compressor H is
directly supplierl and heats thc blowing air when thc high
prcssure coolant gas radiates thc heat to thc blowin air.

In Ihe air-conditioning case 18, heater core 21 is provirled
downstream of the imloor heat exchanger 15 and it

.io exchanges with hot-ivater to heat air with hot engine water
from the vehicle engine

This embodiment can be applied to a hybrid vehicle
bavin an electric engine. Thercforc, the vchiclc cn inc 22
is driven to drive accessories such as thc engine or mobik

)S power generator or Ihe Itke.
An air-mixing door Z3 is a temperature adlusling means

for Ihe air blowing into Ihe vehicle compartment lo adlusL
the air outlet temperature by adjusting the amount of cool air
passing through the bypass path 24 of the heater core 21 and

so the aniount of hot air passing through thc heater core 21 Thc
air-mixing door 23 is opened or closed with a rlriving rlcvice
23a preferably consisnng of a servo-motor.

The air-comhnoning case 18 is provided with an outlet
(not illustrated) for supplying air-comlinomng air to the

as vehicle compartment doivnstream of the heater core 21 As
the outlets, a foot outlet for blowing air toward passenger
fcct, a t'ace outlet for (slowing air toivard passcngcr's faces
anti a defroster outlet for liloivin air toward the internal
surface of Ihe window glass is respectively provided These

so outlets are opened or closed based on a blow mode switching
door not illustrated.

An electronic control unit for air-conditioning (hereinafter
referred to as L'('U) 25 is formed of a microcomputer and its
pcriphcral circuits to cxccutc thc arithmetic operation pro-
cess for an input signal rlcpcndin on prcsct pro ram to
control Ihe RPM of Lhe compressor 11, switching of the
four-way valve 1Z aml other electric apparatuses (13a, 14,
20, 23a or Lhe li;e).

l)etected signals are input to the LGU 25 from a sensor
NI group including ivater temperature sensor 26 for rletecting

thc hot-water tcmpcrature Tw of vehicle cnginc 22, an
external air teniperaturc sensor 27, an mtcrnal air tempera-
ture sensor Zg, a sun-shine sensor 29 and a air outlet
temperature sensor 30 for tie(ecting Lhe indoor heal

as exchanger 15 temperature or the like.
Moreover, an operation signal is input to the L'('U 25 from

operation sivitches of the air-conditioning operation panel



31 provided near the instniment panel in the vehicle com-
partment Such switches include, an air-cnnditioning s&vitch

32 for driving cnmpressor ll and also sivitching the four-
way valve 12 tn the air cooling condition of the heating
circuit 10, an air hcatin switch 33 for driving the conipres-
sor 11 of thc coolin cycle and aLso switching the four-way
valve 12 to the air heating condition of. Lhe heating circuit 1U,
a temperature setting switch 34 for eaning Lhe ries&rail
temperature in the vehicle compartment, a bloiving rate
change-over switch 35, a blowing mnde change-over switch
36 and an internal,'external air change-over switch 37 or the
like.

Next, operations of thc first en&I&odinient of thc structure
explaineri above v:ill be ilescnbed. First, operation of Lhe air
cooling cycle of the heating circuit IU v:ill be explained.
During cooing, the fnur-way valve 12 is nperated as indi-
cated with a solid line of HG. I with the ECU 25 The exit
gas coolant from compressor 11 is first input intn the outdoor
heat cxchangcr 13 via thc four-way valve 12.

In thc outdoor heat exchanger 13, the gas coolant is
cooled to radiate heat with the external air blown with the
cooling fan 13a. When a cycle heat loari is hirge, pressure of.

the high pressure coolant passing in outdoor heat exchanger
13 reaches the ultra-critical condition that is higher than the
critical pressure. 'I'hereby, the coolant radiates heat &vhiie in
thc gaseous condition. On thc other hand, when thc cycle
hc&t load is small, thc high pressure coolant has a lower
pressure than the critical pressure and is then condensed in
the outdoor heat exchanger 13.

The coolant having passed the outdoor heat exchanger 13
is decompressed with a decompressnr 14 formed of an
electric expansion valve to become a 2-phase gas and tluid
having a lower tcmpcrature and prcssure.

Next, this low prcssure coolant enters the indoor heat
exchanger 15, absorbs the heat from the air-i:omhnomng air
blown irom a blower 20 and is then evaporated. The
air-i:onditioning air cooled in the indoor heat exchanger 15
is blown into the vehicle compartment for cooling The gas
coolant evaporated in the indoor heat exchanger 15 passes
thc four-way valve 12, enters the compressor 11 via an
accumulator 16 and is then compressed.

Dunng heating riunng winter, the four-way valve 12 is
operated with the ECU 25 as indicated by a brol en line of
FIG. 1. The exhaust gas coolant of. the compressor 11 Iirst
passes the four-way valve 12 and then enters the indoor heat
exchanger 15. Therefore, high temperature exhaust gas
coolant (over-heat gas coolant) of thc compressor ll radiates
heat to air in thc indoor heat exchanger 15 for heating.

The coolant, having passed the indoor heat exchanger 15,
is decompressed in the riecompressor 14 to become 2-phase
gas anil tluid having a low temperature and pressure. This
low pressure coolant six&orbs heat from external air blown
from the cnoiing fan 13n in the outdoor heat exchanger 13
and is then cvaporatcd. The evaporated coolant passes the
four-way valve 12 and is absorbed by the compressor ll via
the accumulator 16 for compression. Here, ihe amount of
heat radiated to the air irom the gas coolant in the indoor
heat exchanger 16 is equal to a sum of the amount of heat
corresponding to the heat absorbing amount in the indoor
heat exchanger 13 and compressing work nf the compressor
11.

Thc blowing air heated in thc indoor heat exchanger 15 is
further heated with the heater core 21 anti the hot mr can be
blown by circulating the hot-water heated ior temperature
rise wtth the engine 22 into the hot water heater core 21.

Here, in some cases, dehumidified air heating is con-
ducted to prevent fogging during the internal air absnrbing

mode during winter. During this dehumiihlieil a&r heaun ~

operation, the heating circuit 10 is operated for cooling and
the blown air is first cooled and dehumidified in the indoor
heat exchanger 15 and then heated with the heater core 21
Thc dehumirlitied hot air is blown in to the vchiclc com-
partment.

Dunn ~ this operation, comlensed water is generated on
the surface of the indoor heat exchanger 15. Thereiore, when
heating circuit 10 is operated for heating while conrlensed

in water is adhered to the surface of the indoor heat exchanger
15, the condensed water is re-evaporated resulting in fog-
ging.

Thc air heating capability to prcvcnt fogging resulting
from switching to heating irom cooing by the heaun ~

circuit 1U will be explained in detail. The control rouune of
I'l(i 2 be ins when an ignition s&vitch (not illustrated) of the
vehicle engine 22 is turned ON and signals from each sensor
26 to 30 and operation switch groups 32 to 37 of the
air-conditioning operation panel 31 arc read in step S100.

ao Next, in step S110, ivhcthcr the air cooling operation is sct
or not by Lurmng ON or OFF the air-comlinomng switch 32
is determmed. W'hen the air coolmg operanon is set (when
the air-conditioning switch 32 is turned ON), the process
goes to the next step S120 to drive the compressor 11 and

as change the four-&vay valve 12 to cooling, as indicated with
the solid linc of FIG. 1 to begin cooling.

On the other hand, ivhcn thc air cooling operation is not
set up, the process goes to S13U from step S110 Lo determine
whether the air heaung operation is set or not from turnin ~

.io ON or Oil'f the air heatin s&vitch 33 When the air
heating operation is set, (when the air heating switch 33 is
turned ON), the process oes to 5140 and doves the com-
pressor 11 and also change thc four-way valve 12 to thc air
heatin condition indicatcrl with a broken line of FIG. 1 to

&s execute ihe air heaiing operation.
Next, in step S15U, whether the hot-water temperature Tw

detected with Lhe water temperature sensor 26 is lower than
the predetermined temperature 'IW is determined. I lere,
when the predetermined temperature is for example60''o
and ivhcn thc hot-ivater tcmpcrature Tw bccomcs higher
than 60'., tcniperaturc of hot air blowing to the foot arc&
and Lo the internal Lhe winilow glass rises to a value not
easily fogging the window glass. Namely, since the hot wind
temperature nseN the air near the winriow glass does not

Ls reach the dew point
As explained above, the hot-water temperature Tw can be

a physical amount having a higher correlation with air
huniirlity near the ivindow. Therefore, in this cmborhmcnt,
when the hot-water temperature Tw is 60'. or higher in

so step S150, it is determined that the wimlow glass &s never
fogged aml if. Lhe hot-water temperature Tw is under 60'.,
it is determined that the &vindow glass is fogged.

When the hot water temperature Iiw is under 60'., the
process ocs to step S160 to control thc RPM of the
compressor 11 to set the air outlet tcmpnaturc Ti: of thc
mdoor heat exchanger 15 lower than the lirst prerietermined
temperature Tef. Here, the first predetermined temperature
Tel is the temperature to control re-evaporation of the
condensed &vater on the surface of the indoor heat exchanger

ao 15 even &vhen the indoor heat exchanger 15 operates as a
heat rarliator. Experiment and discussion by thc inventors of
thc prcscnt invention have proverl that re-evaporation of
conilensed water can be controlled and fogging can be
prevented even in the cold season (external air temperature

ss is abouL —20'.) by setting Lhe lirst predetermined tem-
perature 'I'ei to IO' and then setting the air outlet
temperature Te to LU'. or less



Since there is no coolant phase change when lhe gas
coolant radiates heal under the ultra-i:rilical comhnon in Ihe
indoor heat exchanger 15, the coolant temperature is radu-
ally lowcrctl toward thc outlet from thc inlet of the indoor
heat exchanger 15. I'hereby, the air outlet temperature Te of
the indonr heat exchanger 15 is also gradually Ioivered
towartl Ihe outlet of. coolant from the inlet. Therefore, a
temperature sensor 30 is positioned al the inlermeduilc point
bctwccn thc inlet and outlet of the indoor heat cxchan cr 15
to dctcct thc avcragc air outlet tenipcraturc of the indoor heat
exchanger 15.

As a practical example for cnntrniling the compressor 11

RPM in step S160, when the air outlet temperature Ti: rises
to 10'., Ihe Compressor 11 RPM is lowered for Ihe
prcdctcrmincd amount and thereby if thc air outict tcmpera-
turc Tc is lowcrcd, for cxamplc, up tn O'., thc Compressor
11 RVM is raised for the predetermined amnunt. As
explamed above, the RVM of the compressor is feedback-
controlled based on the air outlet temperature Te.

On the other hand, when the hot-water temperature Tw is
higher than thc prcdctcrmined temperature Tw (60'.) in
step S150, since Ihe v:imlow glass is not fogged, the Com-
pressor 11 RPM is controlled in slap S170 so that Ihe air
outlet temperature 'I'e of the indnor heat exchanger 15
becomes the second predetermined temperature IbZ or less
Ilere, since the second predetermined temperature 'I'eZ is
higher (40'.) than thc first predetermined teniperaturc Tel
(10'), thc air heating capability of the indonr heat
exchanger 15 can be increased more than when ihe RPM of
compressor is controlleri in step S160.

Ilowever, the second predetermined temperature TeZ is
set considering the assured resistance pressure VO nf the
indnor heat exchanger 15. The indoor heat exchanger 15 is
naturally dcsigncd for usc as thc low prcssure side heat
cxchangcr (evaporator) during the air cnniing operation and
the assure)i resistance pressure PU as the low pressure side
heal exchanger is, for example, 10 Mpa. Therel ore, when Ihe
air outlet temperature Te of. Ihe indoor heal exchanger 15 is
controlled tn a value nr less corresponding to the assured
resistance pressure VO (10 Mpa) during the air heating
operation, thc indoor heat exchanger 15 designed as the low
prcssure sitlc heat exchanger (evaporator) may bc directly
used as Ihe high pressure side heal exchanger even if
particular tlesign change lo enhance the pressure resistance.
of the intloor heat exchanger 15 is not executeri.

In the case of ('O conlant, the average coolant tempera-
ture between the inlet and nutlet of the indnor heat
cxchangcr 15 is about 40'. Therefore, thc cnniant pressure
of thc indoor heat exchanger 15 can be niaintained under thc
aasureri resistance pressure PU by aching the second prerie-
termined temperature Te to 40'. aml then conlrolhng Ihe
air outlet temperature Te of the imloor heal exchanger 15 io
the second predetermined temperature Te2 or less during the
air heatmg nperatinn

On thc other hand, when it is dctemiincd that thc air
heating operation is not sct in step S130, thc compressor ll
is slopped in step SlgU lo stop the heating circuit 10.

Meanwhile, in the lirsl embodiment, Ihe determination
temperature Two of Ihe hot-water temperature Tw to deter-
mine whether the window glass is fngged or not is assumed
to be constant at 60''., but the ivindow glass temperature
is lowcrcd with a drop of thc external air temperature Tam
and thcrcby the window glass may casiiy bc fog cd.
Therefore, considering this point, Ihe determination tem-
perature Two is compensaled lo lhe high temperature side
with a rirop of Ihe external air temperature Tam as illuslraleri
in I'IG. 3. Thereby, the window glass can be protected more
reliably from the fngging condition.
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Second Embodiment

FIG. 4 ilhistrales Ihe heating circuit 1U ix)ntrol depending
on a second embodiment of thc prcscnt invention. Only
ditfcrcncc from FIG. 2 of the first embodiment thcrcof is that
the process goes tn step SIUU to stop the heating circuit 10
ivhen the hot-water temperature Tw is higher than the
predetermined temperature Two (60' ) (lhe wimlow glass
is nol fogged) in step S150.

Namely, dcpcndin on thc car model, when the hot-water
tempcraturc Tiv rises above 60'., thc heating condition iniu
the vehicle can be enhanced up tn a satisfactory level only
when the heater core 21 uses hnt-water as the hear source
Therefore, in lhe second embodiment, when the hot-water
temperature Tw nses to 60'. or higher, the heanng circun
PO is immcdiatcly stoppcrl to save cn inc 22 power.
Third Embotlimcnt

I'IG. 5 illustrates the control of the heating circuit 10
according to a third eml)odiment In the tirst embnthment,
Ihe compressor 11 RPM is controlletl in step S17U lo set lhe
air outlet temperature Te of the intloor heat exchanger 15 to

oo thc second prcdctermincrl tcmperaturc TeZ (40' ) or lower,
which is higher than the first prcdctcrmincd tcmperaturc Ti:I
(10' ) liut, in the third embodiment, the Cnmpressor 11

RVM is controlled in step SI70 tn set the air outlet tem-
perature Te of. Ihe indoor heal exchanger 15 to lhe third
predetermined temperature Te3 (O' ) or less, which is
loivcr than the first pretlctcrminctl tempcraturc Tc1 (10'.)

That is, if operation of thc heating circuit 10 is stoppctl as
in the case of the second embodiment when the hnt-water
temperature Tw becnmes 60'. or higher, the air heating
capability is insuflicient. For example, when air heating is

) ) performed by introducing low temperature external air
ivhcrc the external air tcmpcrature ranges from -20', to
—30'., thc air heating load becomes cxccssivc for thc air
heating capability of the heater core 21, resultin in the
shortage of the air heating capability

Therefore, in the third embothmenl, after the hot-water
temperature Tw becomes 60'. or higher, lhe Compressor
11 RPM is controlled to set thc air outlet tempcraturc Ti: of
thc indoor heat cxchan cr 15 to the third prcdctermincrl
temperature 'I'e3 (0'' or less, ivhich is lniver than the first

so prcdctcrmincd tcmpcraturc Tcl (10'.). Thereby, thc exter-
nal air as low as —20'. to -30'. is raised up to about0'.

with the indoor heat exchanger 15. Thereafter, external air
can be heated again with Ihe heater core Zl using hot-water
as Ihe heal source R)r heanng within Ihe vehicle compart-

as ment Therefore, the air heating capability can be improved
in comparisnn with the secnnd embndiment.
Fourth Embodiment

FIG. 6 iflustratcs thc control of thc hcatin circuit 10
according to a fourth embodiment of the invennon. In lhe

so lira( to third embodimenns, it is determined whether lhe
wmdow lass is Rigged or nol based on hot water tempera-
ture Tw, but in the fourth embndiment, it is determined
whether the windoiv glass is fo ed or not based on the air
cooling operation record of thc heating circuit 10.

Ditfcrcnccs of thc control flow of FIG 6 from FIG. 4 and
FIG. 5 will be explained below. In the control flow of FIG
6, the flag F ts intttafized to 0 (F=O) in step Sf 90. When the
air cooling operanon is execu(eel in step S120, the tlat is then
set to I (I'=I) in step SZOU

On the nther hand, the determinatinn temperature 'IWn of
hot water tcmperaturc Tw is raised up to thc tcmperaturc
(SO'.) to such a lcvcl as sufficicntly acquiring the air
heanng capability with lhe heater core Zf. Therefore, in the
fourth embodiment, when hol water lemperalure Tw

as becomes higher than lhe determinanon temperature Two, lhe
process goes to step Slgfl to stop the nperatinn nf the heating
circuit PU



When hot water temperature Tw is under the determina-
tion temperature Two (80' ), whether the flag is 0 or not
is determined in step S210. I'his detemiinatinn suggests that
the air cooling operatinn has been conducted after the
vchiclc cnginc 22 has bccn started (after thc i nition switch
is turned ON).

Namely, when Ihe air cooling operation is not execu(ail
even once after the vehicle engine 22 is started (ignition
switch is turned ON), the initial condition of flag I'=0 is
maintained 'I'herefore, in this case, since the air cooling
operation immediately before heating circuit heating 10 is
not rccorrlcd, thc condensed water is not reserved or
rcscrvcd in small amount on thc surface of thc indoor heat
exchanger 15. Therefore, since it can be determined that Ihe.

window glass is nol foggerf, the process goes to step S170
to control the ('ompressor 11 RPM to set the air outlet
temperature I'e of the indoor heat exchanger 15 to the second
predetermined temperature Te2 (40' ) nr less.

On thc other hand, when flag F does not =0 (F~O) in step
S210, thc air cooling operation is recorded l&eforc heating
circuit heating 10. Thereby, the comlensed water is held on
the surface of Ihe inrfoor heat exchanger 15 anrf il is
determined that the window glass is fngged I'herefore, in
this case, the process goes to step S160 and the Compressor
11 RPM is cnntrniled tn set the air outlet temperature 'I'e of
thc indoor heat cxchan er 15 to thc first predetermined
tcmpcraturc Tcl (10'.) or less.
Fifth Embodiment

FIG. 7 illustrates heating circuit control acmrdtng to a
fifth embodiment The processes in steps S100, S110, S120,
S130 and S180 are similar to the first to fourth embodiments
and the prncess in step S150 is identical tn that of the fourth
cmborhmcnt (FIG. 6).

In thc fifth embodiment, a prcssure sensor (not illustrated)
to detect the coolant pressure Pe of. the imloor healer
exchanger 15 is adthlionally provided and ihe detecleif
signal is then input to the ECU 25.

In the fifth embodiment, when hot ivater temperature Tw
is under the determinatinn temperature Two (8(P C ) during
hc&ting, thc process goes to step S220 to dcterminc xvhcther
thc coolant prcssure Pc of the indoor heat exchanger 15 is
under Ihe assured resistance pressure PU (10 Mpa) of Ihe.

imioor heat exchanger 15. Here, Ihe assured resistance.
pressure PU is the assured resistance pressure explained in
regard to the tirst embodiment

When the coolant pressure Pe rises to PO, the process goes
to step S180 to stop thc heating circuit 10 to control thc
coolant prcssure Pc not to exceed PO. Meanwhiic, when thc
coolant pressure Pe is lower than PO, the process goes Lo slap
S230 to rfelermine whether Ihe external air temperature. Tam
is higher than O'. or not.

When the external air temperature I'am is higher than0',

the Compressor 11 RPM is controlled, in step S240, to
maintain thc air outlet temperature Te of thc indoor heat
cxchan cr 15 within the range of thc external air tempera-
ture Tam+o (a small amount). More specilically, when Ihe.

air outlet temperature Te rises lo the external air I:mperalure.
Tarn+5'., the Compressor 11 RPM is reduced to a prede-
termined RPM. I'hereby, when the air outlet temperature 'I'e

is lowered to the external air temperature I'am+3'., the
Compressor ll RPM is increased to the prcdctcrmincd
amount.

With the control of the Compressor 11 RPM, Lhe air outlet
temperature Te can be maintained within ihe range of.

external air temperature Tarn+xi (small amount). Thereby,
the fogging cnndition of the vehicle window glass can he
preferably prevented based on the following reasons
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Namely, during heanng during winter, external air is

generally introduced into the air-conditiomng case 18 to
prevent fogging. Therefore, the external air passes the
indoor heat exchanger 15 but the introduced external air
rises only in a small amount (x(+5' ) in thc inrloor heat
cxchan cr 15 by controlling thc air outlet temperature Te of
Ihe iniloor heal exchanger 15 to Lhe temperature (Tarn+ra) or
less. Therefore, relative humidity of introduced external air
is small Accordingly, re-evaporation of condensed water

in can he controlled xvith the indoor heat exchanger 15
Since the vehicle xvindow ghiss is in direct contact with

the cxtcrnal air, teniperaturc of the window glass surface is
a little hi hcr than thc cxtcrnal tcmpnaturc Tam. Thcrcforc,
when the air outlet temperature Te of the imioor heat
exchanger 15 is ix&nlroiled Lo a temperature a linle higher
(Tarn+a) than the external air temperature 'I'am, if the air
hloxvn toxvard the vehicle windoxv glass from the defroster
outlet (not illustrated) provided doxvnstream of heater core
21 docs not reach thc saturated condition when it contacts

ao thc window lass and is then cooled to a tcmperaturc
identical Lo Lhe vehicle wimlow glass, tiew is not generated
on Lhe wmdow glass of Ihe vehicle.

Moreover, when external air is introduced into the air-
conditioning case 18 to heat, the air outlet temperature 'Ib of

as the indoor heat exchanger 15 is controlled to external air
tempcraturc +5'. with risc of thc cxtnnal tcmpcraturc
higher than O'. Thcrcby, thc air heating load of thc heater
core 21 can be rexluced as much as Ihe temperature nse of
+5'. and the air heanng eilect in the vehicle compartment
can be improved

On the other hand, when the external air temperature Tam
is 0''r less, the process oes to step S250 from step S230
to control thc Compressor ll RPM to maintain thc air outlet
tcmpcraturc Te of thc inrloor heat exchanger 15 to thc

is predetermined range near O'. In more pracncal, when Lhe

air outlet temperature Te rises up to O'., Lhe Compressor
11 RPM is reduced in Lhe predetermined amount and thereby
when the air outlet temperature 'Ib is lowered up to —2',
the Compressor 11 RPM is increased for the predetermined

xo amount.
With thc control of Compressor ll RPM as explained

above, the mr outlet temperature Te of the iniloor heat
exchanger 15 can be main(&mad in the predetermined range
(—2'. Io O'.) near O'.

as Therefore, since it can be prevented that the condensed
xvater fro&en in the indoor heat exchanger 15 is dissolved
anti is then evaporated, gcncration of the fogging of vchiclc
window glass duc to evaporation of thc condensed water can
be prevented. Moreover, since the air heating mode is used

so when the external air temperature is as extremely low as
—30'. Lo —20'. m Lhe rx&id ihstncl, in this case, Lhe

external air introduced into the air-conditionin case 18 is
raised up to the temperature near 0''vith the heat
radiation of the as coolant in thc indoor heat exchanger 15
from -30', to -20'. with heating circuit heating 10 and
therefore Lhe air heanng effect of vehicle can be improved as
much as such temperature rise.
Sixth Embodiment

In each embodiment explained above, xvhen fogging is
determined during heating circuit heating 10, the air heating
capability of thc indoor heat exchanger 15 is limitcrl to sct
thc tempcraturc of thc inrloor heat exchanger 15 to the first
predetermined temperature Tel or lower to prevent fogging.

However, in Ihe heating circuit 1U, since Lhe total amount
as of heat corresponding Lo the amount of has(absorbed and Lhe

amount of compression work in the indoor heat exchanger
13 is radiated during the air heating operation with the
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imfoor heat exchanger 15, the elhciency becomes high
(('OP) and the compressnr power is comparatively small
I'herefore, the driving vehicle engine 22 load becomes
small.

As a result, since thc hot-water temperature of cn inc 22
rises slowly, fog in is determined when thc hot water
temperature reaches the predetermined temperature Two (for
example, 60' ) or lower as in each embodiment explainerf
above. When the air heating capability of the indoor heat
exchanger 15 is limited by the cnntrni (control for prevent-
ing fogging), the cnntrni perind becomes longer and, as a
result, thc air heating capability of thc heating circuit 10 is
not fully realized in thc vehicle compartnient.

Therefore, in Ihe sixth embodiment, Ihe healing circun 10
anil the air healing system (hol gas healer cycle) provides
larger cnmpressor power than the heating circuit 10, are set
selectaf&ie anil the hot gas heater cycle is operated ivhen hot
water temperature is low. Thereby the power of engine 22 is
incrcascd. As a result, tcmpcrature rise of hot water is
accclcratcd to quickly improve air heating performance.

FIG. 8 illustrates the sixth emboihment and the compres-
sor 11 is driven with Ihe vehicle engine 22 via an electro-
magnetic clutch lln.

In the sixth embodiment, in the coolant path during
cooling indicated with a solid arroiv, hot gas bypass 40 is
provided to directly communicate the coolant path between
thc four-way valve 12 and indoor heat exchanger 13 inlet
with Ihe indoor heat exchanger kg inlet. This hot gas bypass
40 directly introifuces the exiting gas coolant from Ihe.

compressor 11 to the indoor heat exchanger 15 to set the hot
gas heater cycle fnr heating ivith high temperature evhaust
gas coolant

At thc branching part of thc path in the side of thc indoor
heat cxchangcr 13 and thc hot gas bypass 40, an electric
change-over valve 41 that is controlled to open or close. v:iih
the ECU 25 is also provided. With Ibis electnc change-over
valve 41, coolant flow to the hot gas bypass 4U and the
coolant flovv to the indoor heat exchanger 13 are changed.

This electric change-over valve 41 can be formed by a
combination of clcctro-magnetic valves, wherein onc is
located in thc path in thc side of the indoor heat exchanger
13 aml the other is locateif in the path in the side of ihe hot
gas bypass 40. Moreover, an eleclnc change-over valve 41
can also be formed through combination of: the electro-
magnetic valve in the path in the side of the indoor heat
exchanger 13 and the differential valve in the path in the side
of thc hot gas bypass 40. In addition, thc cicctric changc-
ovcr valve 41 can bc formed with a three-way change-over
valve.

The hot gas bypass 40 is provided v:ith a decompressing
apparatus 42 lo directly introduce Ihe exhaust gas coolant of.

the compressor 11 to the indoor heat exchanger 15 after a
predetermined amount nf decompression in the decompress-
ing apparatus 42 Thc decompressing apparatus 42 can be
formed of a fixed throttle and thercf&y can be integrated to
the path of the electric change-over valve 41.

Even in the sixth embodiment, CO, is used as Ihe cool&nt
for the healing circuit IU. Thereby, the high pressure (high
pressure coniant temperature) during heating can be
increased based on the characteristics of the CO coolant to
assure thc air heating capability of thc heating circuit 15.

For heating circuit heating 10, thc total heat absorption in
indoor heat exchanger 13 anrf Ihe amount of. heal corre-
sponding lo Ihe compression worl is radiated from Ihe
indoor heat exchanger 15 but in the hol gas heater cycle,
since the exhaust gas coolant of the compressnr 11 is directly
introduced to the indoor heat evchanger 15 through the hot
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gas bypass 40, only the heat rxirresponiling to the compres-
sion work of the compressor 11 is radiated with the indoor
heat exchanger 15 'Ilierefore, in the hot gas heater cycle, the
efficiency (air heating performance/compressor power) is
lowered in comparison vvith bcatin circuit heating 10.

Accordingly, higher exhaust prcssure of compressor 11
Ihan that of: heating circuit heaung 10 is requirerf to obtain
heanng performance. As a result, as illuslrateil in FIG. 9,
compressor power is increased to tive to three times the
pc&ver of the heating circuit 10 in the hot gas heater cycle
when equal heat radiation in the indoor heat exchanger is
attained.

In thc sixth cmbodimcnt, thc power of compressor 11 is
forcibly increaseil lo accelerate temperature rise of hot water
temperature of. engine by selecting the hol gas healer cycle
ivhen hot ivater temperature of engine is low based on the
characteristic that the compressor power increases in the hot
gas heater cycle.

FIG. 10 illustrates a flowchart indicating operation in thc
zo sixth embodiment. Thc control routine of FIG. 10 starts

when the air heating mode is set by turning ON the air
heanng switch 33. First, m step S300, it is determined
whether hot ivater temperature Tw detected with a water-
temperature sensor 26 is higher than the first predetermined

zs temperature Tivl or not. I fere, the hrst predelermmed tem-
perature Twl is for example 60'. and when hot water
tempcraturc Tw becomes 60'. or higher, thc air heating
condiuon m the vehicle compartment can almost be sauslied
m some cases only with lhe air heaung capability of: the
heater core 21 using hot ivater as the heat source

Therefore, the process goes to step S310 when hot water
temperature Tw is higher than the first predetermined tem-
perature Twl (=60'.). In this step, thc electro-magnetic
clutch lln is turned OFF to stop the compressor 11 to stop

is heanng circuit 1U. Thereby, air heating in the vehicle com-
partment is obtained only with heater core ZI using hol
water as the heal source.

On the other hand, ivhen hot water temperature 'I'w is
lower than the first predetermined temperature Twl, the

io process oes to step S320 to rlctermincrl whether hot water
tempcraturc Tw is lower than thc seconrl predetermined
temperature Tw2. Here, the secomf predeterminerf tempera-
ture Tw2 ts lower than the first predeterminerf temperature
Twl and is for example 40'.

as When hot ivater temperature I'iv is higher than the second
predetermined temperature Tiv2, the process goes to step
S330 to start thc ordinary air heating operation with thc
heatin circuit. Namely, in FIG. 8, a four-way valve 12 is
operated when the air heaung mode indicated with a broken

so line aml the electro-magnetic clutch Iln is turned ON to
dove lhe compressor 11 with the vehicle engine 22.
Simultaneously, the electric change-over valve 41 is
changed over to close the path in the side of the hot gas
bypass 40 and open thc path in thc side of thc outrloor heat
cxchan er 13.

Thereby, with operation of Ihe compressor 11, the coolant
circulales the heann ~ circuit 10 in the path indicated with the
arrow mark B of. a broken line. Thereby, the exhaust coolant
gas of the compressor 11 directly enters the indoor heat
exchanger 15 to heat the air (usually, external air). When
heatin circa&it heating 10 (Tw&Twf) is required, air-mixin
door 23 is fufly opens (maximum air heating position) thc
path of. the heater core Z1. Therefore, air heated with lhe
imloor heal exchanger 15 is further healed with the heater

as core ZI anil is then blown into the vehicle ix&mpartment.
Meanivhile, when hot water temperature 'IW is lower than

the second predetermined temperature Tiv2, the process goes
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to slap S34U from step S320 to operate the heaung circuit 10
in the hot gas heater cycle.

Namely, in FIG 8, the fnur-way valve 12 operates in the
cooling mncle indicated with a solid line, and the electro-
ma nctic clutch llu is turned ON to drive thc compressor 11
with thc vehicle engine 22. Simultaneously, thc electric
change-over valve 41 is sv:itched lo open the path in Ihe, side
of the hol gas bypass 4U and lo close the path in the side of.

the outdoor heat exchanger 13 Thereby, the exhaust coolant
gas of the compressnr 11 floivs toward the electric change-
over valve 41 as indicated with the arrow mark A of a solid
linc and thc high temperature coolant gas flows into thc hot
gas bypass 40 passing clcctric change-over valve 41. This
high temperature coolant gas ts decompressed for Ihe speci-
lied amount in Ihe cfecompressing apparatus (lixed Ihroule)
of the hot gas bypass 40 and is then directly introduced to the
indnor heat exchanger 15

Indoor heat exchanger 15 heats air (usually, external air)
blown by blower 20 throu h thc heat exchanger with high
tcmpcraturc coolant gas. The air heated in thc indoor heat
exchanger 15 is further heatecl with Ihe heater core 21 ancf

is then blown into the vehicle compartment. Thereafter,
coolant gas having radiated heat in the indonr heat
exchanger 15 is drawn into compressor 11, passing the
four-way valve 12 and accmnulator 16, and is then com-
pressed again. As in step S340, the hot gas heater operation
ts sct Then, whcthcr thc air outlet tcnipcraturc Te of the
imloor heat exchanger 15 is higher than the predetermined
temperature Te is determinecl in step S350. Here, hl e each
embodiment, the predetemiined temperature Tel is deter-
mined to control re-evaporation of condensed water on the
surface of incloor heat exchanger 15 even ivhen the indoor
heat cxchangcr 15 operates as a heat radiator. In gcncral, thr
prcdctcrmincd temperature Tel is preferably dctermincd as10'. (Tel=10'.).

When Ihe air outlet temperature Te is the precfeierminecf
temperature Tel (10'.) or higher, Ihe process goes io step
S360 to execute the capability control operatinn of the hot
gas heater. As a practical example, the capability control
(capability limitation) of thr hot gas hcatcr is conducted by
cxccuting thc ON/OFF control of the operation of compres-
sor 11, wherein the electro-magnetic clutch Hu (impresser
11) is Iurnecf OFF under the condition of Te k 10'. ancf ibis
clutch lln is turnecf ON uncfer the comhtion of To~8'.
I'hereby, vvhen the indonr heat exchanger 15 operates as the
heat radiator, re-evapnration ot'ondensed ivater is con-
trolkd ancl fogging can br prevented even during cold
seasons.

When Ihe air outlet temperature Te is the precfeierminecf
temperature Tel (10'.) or lower, Ihe capabdily control of.

the hot gas heater operation is not performed. During Ihe, hot
gas heater operation, since compressor pniver is increased up
to two to three times in cnmpared to the heating circuit, as
illustrated in FIG. 9, tcmpcraturr risc of hot water can be
accckratccl through increase of the drivin vehicle load
engine 22 by setting the hol gas heater operauon (increasing
the compressor power) when hol water temperature Tw is
lower than the second precletermined temperature Tw2 (40'

) As a result, hot water air heating perfomiance ivith the
heater core 21 can be improved.
Scvcnth Embodiment

In thc above sixth cmbodimcnt, the hot gas heater opera-
tion is selected until hot water temperature Tw uses up to Ihe
seconcf precfeterminecf temperature Tw2 aml thereby Ihe
power of compressor 11 is forcibly increased. However, in
the seventh embodiment, an opening angle of the electric
expansion valve 14 is maintained at the fuff-opening con-

diuon or the predetermined opening angle or more near the
full-opening comb«on during heaung circuit heating 1U by
paying attention to thc electric expansion valve 14 that
rccluccs thc pressure of thc high pressure coolant having
passed the indoor heat exchanger 15 Mnre specifically, in
the control routine of I I(i. 10, in step S340, it is ennugh to
perform Ihe heaun ~ circuit operation instead of ihe hot gas
heater opera«on, by leaping Ihe opemng angle of the
electric expansion valve 14 to thc full-opening condition or
the prcclctcrminccl opcnin angle near thc full-opening con-

ic
clilioii

Thereby, when hot water temperature is lnw, the pnwer of
compressor 11 can increasecl by increasing coolant circula-
tion of heating circuit 1U anil therefore ihe engine 22 load
increases to raise hot water temperature.
Eighth Emliodiment

I'IG. 11 shows an entire structure of an automotive
air-conditioner in the eighth embodiment.

In air-condiuoning refngeranl cycle R, a cooling refng-
erant cycle C aml a hot gas heaLer cycle H can be switched

ao Thc compressor 11 is driven Iiy thc cngmc through a cooling
eleciromagnebc clutch llu. A pressure sensor 43 is provided
in a chschar e side refrigerant passage of. Ihe compressor 11

for detecting the dischar e pressure of the compressor 11

The discharge side of the compressor 11 is cnnnected to
as the outdoor hear exchanger 13 through the cooling electro-

maenetic valve 41u. The outlet side of thc outcloor heat
cxchan er 13 is connected to a receiver 44 storing liquid
phase refngeranl. The ou«lour heat exchanger 13 is disposed
m a vehicle engine compartment with ihe vehicle engine etc

.io The refrigerant is heat exchanged ivith outside air blown hy
the coolin fan 13u

The outlet side of the receiver 44 is cnnnectecl to a first
decompressing apparatus 14. Thc first clccomprcssing appa-
ratus 14 is a thernial type expansion valve. Thc outlet siclc

is of: ihe lirst decompressmg apparatus 14 is connected to an
imloor heal exchanger 15 Ihrough a check valve 45. The
outlet side of. Ihe imloor heat exchanger 15 is connected to
the suction side of the compressor 11 through an accumu-
lator 16

so In thc eneral cooling rcfrigcrant cyck C, the rcfri orant
flovvs from the discharge side of the compressor 11, through
Ihe coolin ~ eleclromagneiic valve 41o, outdoor heal
exchanger 13, receiver 44, Iirst decompressing apparatus 14,
check valve 45, imloor heat exchanger 15, accumulator 16,

as and returns to the compressor 11.
A hot uas bvpass 40 for bvpassing the nutdoor heat

cxchan cr 13 etc. is proviclcd between thc discharge siclc of
thc compressor 11 and the inlet side of thc incloor heat
exchanger 15. In ihe bypass 4U, a heaLing electromagnetm

so valve 416 a secoml derximpresstng apparatus 42 are pro-
vided in senes with each other. The seconcf decompressing
apparatus 41/i can be formed of an nrifice, capillary tube, or
the like. In the hot gas heater cycle II, the refri erant flows
from thc dischar c siclc of the compressor 11, through thc
hcatin electromagnetic valve 41ft, second clccomprcssing
apparatus 42, indoor heat exchanger 15, accumulator 16m
and returns io the suction sicle of ihe compressor 11.

An indoor unit 17 inclucles an air-conditioning case 18
forming an air path 19 Conditioned air floivs through the air

NI path 19 toward a vehicle cabin. In the air-cnnditioning case
18, an intcrnalrcxtcrnal air change-over cloor 48 is providccl
at the upstream side of an clcctric Iilowcr 20. Thc intcrnab
external air chan e-over door 48 switches an internal air
from an iniernal air inlet 46 aml an external air from an

ss external tur inlet 47. Here, ihe inlernaliexternal air change-
over door 48 is operated by a motor 48u (see I'IG 12)
through a link mechanism (not illustrated)



17
At the most riownstream side of. the air-conditioning case.

lg, a deiroster (DEF) outlet 49, a face (FACE) outlet 50, a
foot (FOOT) outlet 51, and mode switching doors 52—54 for
sclcctivcly opcmng and closin these outlets. The condi-
tioned air flnws toward an inner surface of a vehicle wind-
shield grass through the defroster outlet 49 I'he cnnditioned
air flows toward a head anil breast of a passenger through the
face outlet 50. The conditioned air flows towarri a foot area
of thc passcngcr through thc foot outlet 51.

Thc mode doors 52—54 arc operated by a motor 55 (sce
I l(i 12) thrnugh link mechanisms (not illustrated). 'I'he

mode dnnrs 52—54 switch face (I'ACI.') mode, bi-level (0 I.)
motte, foot (FOOT) mode, foot-def (F/D) mode, aml
defroster (DEF) mode. In the face mode, only face outlet 50
ts opcncd. In thc bi-level mode, l&oth face outlet 50 and foot
outlet 51 arc opened. In thc foot mode, the foot outlet 51 is
opened. In the foot-def mode, both foot outlet 51 and
defrnster outlet 49 are npened. In the defroster mode, the
defroster outlet 49 is opened.

The electwc blower 20 includes a centrifugal type blower
fan, anil thc ccntrifu al biowcr fan is driven by a blower
motor 20o. Here, the blower amount of the centniugal type
blower fan 20 is switched from zero stage (OFF) to 32nri
stage continuously or in step by adjusting blower control
voltage impressed on the blower motor 20a

A heater core 21 and a ivarm avatar valve 56 is provided
in a warm water circuit 57. Thc heater core heats thc air
having passed through thc indoor heat cxchan er 15. Awater
pump driven by the engine 22 circuhites warm water in the.

warm water circuit 57. A warm water type heater includes
the engine 22, the heater core 21, the warm water circuit 57,
and the warm water valve 56

The warm water valve 56 is abvays is opened except
during a maximum cooling operation. Thc opening dcgrce of
thc warm water valve 56 is controlled to adjust a flow
amount of the water flowing into the heater core 21, so that
a temperature of air blown toward the vehicle cabin is
adtusteri. In the eighth embodiment, the warm water valve
56 is used as a temperature adjusting means for adjusting a
temperature of air blown into the vehicle cabin
Altcrnativcly, as in thc first embodiment, thc air-mixing door
23 may bc used as the tcmpcraturc adjustin means. The
warm water valve 56 is operated by a motor 56o (see FIG.
12).

FIG. 12 is an electronic control block diagram in the.

eighth embnrliment. An air-cnnditioning E('U 25 includes a
micro computer and miscellaneous circuits Switch opera-
tion signals from misccflancous operation switches 32—37
on an air-conditionin operation panel 31 and sensor signals
from sensors 26—30, 43 are input into the ECU 25. The ECU
25 carries out a preiletermined calculauon baseri on these
input signals and controls elements Jfa, 13b, 20o, 4frr, 41b,
48a, 55, 56 ot'he air cnnditioner

The air conditioning switch 32 on the air conditinning
operation panel 31 dcfincs start or stop of the compressor 11.
Further, thc air conditioning switch 32 sets the cooling niode
of the reirigerant cycle. The hot gas switch 33 sets a heanng
mode of the hot gas heater cycle H.

An operation of the above-riescribed eighth embodiment
will be described l)uring the conling mode, the ECU 25
opens the cooling electromagnetic valve 41a, and closes the
heating clcctromagnctic valve 41b. Thus, when thc clectro-
ma nctic clutch lln is energized and thc compressor 11 is
driven by the engine 22, gas refngerant disehargeri i rom the
compressor 11 passes through the cooling electromagnenc
valve 41o and flows into the outdoor heat exchanger 13.

In the outdoor heat exchanger 13, the refrigerant is cooled
by external air blown by the cooling fan 13a and is con-

densed. The refrigerant having passed through the outdoor
heat exchanger 13 is divided into gas phase reingerant and
liquid phase refrigerant in thc reccivcr 44. Only liquid phase
rcfri crant is dccompressctl at the first tlccomprcssing appa-
ratus 14, and becomes low-temperature and low-pressure
oas-liquid phase refrigerant

The low pressure refngerant passes through the check
valve 45 and flows into the mdoor heat exchanger 15 In the
intloor heat cxchangcr 15, thc refrigerant absorbs heat of thc

1(i
air conditioning air blown by thc clcctric blower 20, and
evaporates The conditioned air cooled at the indoor heat
exchanger 15 floivs into the vehicle cabin and cools the
miude of. the cabin. The gas phase refngerant which has
evaporated in the imloor heat exchanger 15 is sucnoned to
the compressor 11 throu h the accumulator 16, and is" comprcsscd.

touring the heating mode in winter, the E(:U 25 closes the
cooling electromagnetic valve 4 in, and opens the heating
electromagnenc valve 4lb for using the hot gas bypass 40.
Thus, high temperature gas refwgerant discharged from the

co compressor 11 passes throu h the heating electromagnetic
valve 4lb, is decompressetl at the seixtnd decompressing
apparatus 42, and flows into the indoor heat exchanger 15.

I fere, the check valve 45 prevents the gas refrigerant from
the hot gas bypass 40 from flowing toward the first decom-

zs pressing apparatus 14. Thus, in the refngerant cycle (hot gas
hcatcr cycle), the rcfrigcrant flows from the discharge sitlc,
throu h thc heating elcctroniagnctic valve 41b, second
decompressin ~ apparatus 4Z, indoor heat exchanger 15,
accumulator 16, anil returns to the sucnon side of the
compressor 11

The super heated gas refri erant decompressed at the
second decompressing apparatus 42 heats the conditioning
air at the indoor heat cxchan cr 15. Hnc, heat amount
radiatctl from thc gas refrigerant at the indoor heat

is exchanger 15 corresponds to a compression energy of the
compressor 11. Here, the comhtioning air can be further
heated at the heater core Zl by allowing the warm water to
floiv into the heater core 21 through the ivarm water valve
56, so that the heated air tlows into the vehicle cabin I'he

so gas rcfri erant having ratliated heat thcrcof in thc intloor
heat cxchan er 15 is sucked into thc compressor 11 through
the accumulator 16, aml is compressed

Neat, an example of refngerant cycle control in the eighth
embodiment will be exphiinetl. The refngerant cycle control

zs includes a heatin performance restricting control for pre-
venting a windshield frost due to the sivitchin of cooling
mode and heating mode when thc external air is low in
winter.

The control routine in FIG. 13 starts by igninng the
so vehicle en one 2Z, for example. At step S400, signals from

the sensors Z6—30, 40 aml operation switches 32—37 are
read lrurther, a coolin flag .I at the last operation of the
vehicle engine 22

Herc, thc coolin flag J is I ivhcn the air conditioning
operation is stopped while thc refrigerant cycle R carries out
the cooling operation. On the other henri, the tlag J is 0 when
the air condinonin ~ operation is stopped while the reinger-
ant cycle R does not carry out the cooling operanon.

Even ivhen the refrigerant cycle R earned out the cooling
oo operation at the last air conditioning operation, if the hot as

heater cycle carried out a heating operation morc than a
predctcrminetl periotl t0 after that anil it is detcrmincd that
drain water in the indoor hat exchanger evaporate, step S490
sets the flag J to 0. The signal of the cooling operation flag

as J is memorized in the ECU Z5 even afler the vehicle engine
22 is stopped, and is read at step S400 during next air
conditioning operation



Next, at slap S410, the ECU 25 determines whether lhe.

cooling mnrle is set or not. I'or example, that the cooling
mode is set or not is determined Iiy determining ivhether the
air conditioning switch is on or not. When the switch 32 is
made on, thc step S410 dctcrmincs "YES'* and step S420
allows thc rcfrigcrant cycle R to operate thc encral cooling
refngeranl cycle C. That LN lhe eleclromagnenc clutch 11 is
energized lo operate the compressor 11, lhe cooling elec-
tromagnetic valve 41a is npened, and the heating electro-
magnetic valve 416 is closed, so that the refrigerant cycle R
is operated under the above-described cnoling mode
Thcrcby, thc indoor heat exchanger 15 works as an
evaporator, and thc blown air is cooicd. At next step S430,
the flag is set to I by seuing the cooling mode.

When the cooling mode is nol set, the step S410 deter-
mines "NO*', and proceeds to step S440 for detemiining
whether the heating mode by the hot gas heater cycle I I is
set nr not This determination is, for example, executed by
dctcrminin thc hot gas switch 33 is on or not. When thc
switch 33 is made on, step S440 dctemiincs "YES'*, and next
step S45U iletermines whether the cooling flag J ts 0 or nol.

Stnce that the flag J is 0 indicates the cooling operation
was not carried out at the last air conditioning operation, or
heating operation ot'he hot gas heater cycle I I removed the
drain water from the indoor heat exchanger 15 even when
thc cooling operation was carried out, the drain water docs
not cvaporatc again in thc indoor heat cxchangcr 15 even
when the hol gas healer cycle H carnes oul the heaung
operation. Thus, lhe winrfshielrf is not clouderf.

Therefore, vvhen the conling flag .I is 0, since the ivind-
shield is not clouded, the prngram proceeds to next step
S460 for allowing the hot gas heater cycle I I to carry out the
maximum heating mode operation.

FIG. 14 shows an example of thc maxiniuni hot gas hcatcr
hearling mode at the step S460. Al step S46U, the flag I is
inilialized lo O. Next, step S46UJ determines whether exter-
nal air temperature is less than a lirst predetermined tem-
perature (fir example, IO' ) or not When the external air
temperature is less than the first predetermined temperature,
step S4602 tlctcrmincs whether engine water temperature is
less than a prnlctcrmincd tcmperaturc (for example, 80'.)
or not.

When the engine water temperature is less than lhe.

predetermined temperature, at step S4604, the cooling elec-
tromagnetic valve 41a is clnsed, and the heating electro-
magnetic clutch 416 is opened. Next, step S4604 determines
whcthcr thc flag I is 0 or not. When the determination is thc
first after thc hot gas switch 33 is made on, since thc flag I

is 0, the program proceeds to step S4605 for determining
whether the discharge pressure Pd of. the compressor 11 is
less than a lirsl predetermined pressure (for example, 20
kg/cm G) or not.

When the discharge pressure Pd is less than the first
prcdctcrmincd prcssure, the pro ram proceeds to step S4606
for cncr~wzing thc clcctromagnetic clutch lla to opcratc the
compressor 11. On the other hand, at the step S46U5, when
the rhscharge pressure Pd of. the compressor 11 is more than
the prerfeterminerf pressure, lhe program proceeris lo slap
S4607 for disenergizing the electromagnetic clutch lla to
stop the cnmpressor 11, and set the tlag I to l.

Herc, in thc eighth embodiment, operation of compressor
11 intcrmits based on thc discharge pressure Pd, so that
healing mode performance of lhe hot gas healer cycle is
controlled. When the discharge pressure Prf is over Lhe lirst
predetermined pressure, lhe compressor 11 is slopperf for
controlling the heating performance and preventing cycle
high pressure from increasing abnormally.

20
Then, since lhe flag is set to I al slap S4607, next step

S4604 determines "NO', and the program proceeds to slap
S4608 for tlctemiining whcthcr thc discharge prcssure Pd of
thc compressor 11 is less than a second prcdctermincrl
pressure (for example, 2 kg)em G) or not Until the dis-
charge pressure Pd decreases lower than the second prede-
Lermmeil pressure, lhe program proceeds Irom the slap
S4608 to step S461U for mamtaining the OFF state of the
clcctromagnctic clutch lla.

Then, when thc discharge prcssure Pd rlccrcases lowerio
than the second predetermined pressure, the program pro-
ceeds from the step S4608 to step S4610 for energizing the
eleclromagneuc clutch lla to operate the compressor 11
a ain, anil setting the flag I to O. Thereby, Lhe program
proceeds from thc step S4604 to step S4605, S4606 for
maintainin thc operation state of thc compressor until thc
discharge pressure Pd exceeds the first predeterminerl pres-
sure.

Here, when lhe external air temperature is over 10'. al
slap S46U1, anil the engine water temperature is over SO'

zo at step S4602, since thc hcatin morlc by thc hot gas hcatcr
cycle is not rcquircd, the pro ram procccrls to step S4611 for
closing the heatin electromagnetic valve 416, and to step
S4612 for disener izing the electromagnetic clutch lla to
sk)p Ihe compressor 11.

Further, dunng Lhe heanng mode of the hot gas heater
cycle, since thc extcmal air tcmpnaturc is within a low
tcmpcraturc region under IO'., the tlischar c prcssure Prl
abruptly decreases due to the stop of the compressor 11
Thus, a large pressure difference is set between the first
predetermined pressure (for example, 20 kg)em G) for stop-

)a
ping the compressor aml lhe seconil predetermined pressure
(for cxaniplc, 2 k icni G) for operating thc compressor 11
again, thereby suppressing a hunting of the compressor 11

Next, in the control routine in l)I(h 13, ivhen step S450
determines "NO** (cooling operation flag 1 is I), since the
cooling operation was carried ou I al the last air conditio nin ~

operation, dram water sucks lo the surface of the indoor heal
cxchan er 15. Thus, thc heating opnation of thc hot gas
heater cycle H might cause a rc-evaporation of thc tlrain
water on the surface of the indoor heat exchanger 15,

ao thereby introducing fog on thc wintlshield grass.
In this case, thc prograni proceetls to step S455 at first,

and determines whether a penod t after Lhe start of the hot
gas heann ~ mode has passetl more than a pretielermined
penod IO or noL.

as The predetermined period tfl is a hot gas heating operation
time required for completion of drain ivater evaporation on
thc surface of thc indoor heat exchanger 15. Herc, the tlrain
vvatcr evaporatcs duc to thc heat radiation of thc indoor heat
exchanger 15 during Lhe hot gas healing mode. The prede-

so Lermmeil period tfl can be set lo constant value anained by
expenmenls. However, an actual amount ol. Lhe drain wailer
sticking to the indoor heat exchanger 15 becomes large as
the last cooling operation period is ion er and a period from
the last cooling operation stop to thc current hot gas heating
operation start is shorter. Thus, thc al)ovc-rlcscrilicd hot gas
heaung required operauon penotl tfl is desired to be set
longer as the last cooling operauon pened is longer and the
penod from lhe last cooling operation stop lo Lhe currenL hol
gas heating operation start is shorter.

11G. 15 is a characteristic map determming the hot as
heatin required operation period tO, fi) shows a character-
istic vvhcrc a period tl front thc last coolin operation stop
Lo Lhe current hot gas healing mode start is less than 2 hours,
(n) shows a charac(enatic where Lhe penod tl is more than

as 2 hours and less than 5 hours, and (iii) shows a characteristw.
where the period tl is more than 5 hours and less than lfl
hours.
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When slap S455 determines that the periorl I after the hol
gas heating mode start is less than the predetermined period
tO, the program proceeds to step S470 for operating the hot
gas heating mnde. The hot gas heating mode at step S470
mi ht introduce fog on thc windshield, so that a heating
pcrformancc restricting control is included for preventing
the fog.

FIG. 16 shows an example of a control at ihe step S47U.
I irst, at the step S470, the tlag I is initialized to O. Next, step
S4701 determines the external air temperature is less than a
first predetermined temperature (for example, IO' ) iif riot
When thc external air tcmperaturc is less than the first
prcdctcrmincd temperature, step S4702 cloaca thc cooling
electromagnetic valve 41a aml opens the heaung electro-
magnetic valve 4(b. Next, step S4703 determines Ihe en ine.

water temperature is less than a predetermined temperature
(for example, 40' ) or not

The step S4703 determines whether the condition causes
a fog on thc winrlshicld or not. That is, as a tenipcraturc of
vchiclc winrlshicld is lower, absolute huniidity reaching a
dew point when vehicle inside air touches the winrlshielrl
becomes low, thereby generating the fog. Therefore, whether
the windshielrl is clouded or not is determined based on the
windshield temperature

In an autnmntive air-cnnditioner, since defroster blown air
tcmpcraturc chan cs in accordance with tenipcraturc of the
cnginc water introduced into thc heater core 21, there is a
correlation between the engine water temperature aml Ihe.

wimlshield grass temperature. In the present ei hlh
embodiment, when the engine water temperature I'W is less
than a predetermined temperature (for example, 40' ), the
LC U determines that the windshield will be clouded because
thc windshield rasa temperature is low. Contrary to this,
when thc engine water temperature TW is over thc prede-
termined temperature (lor example, 40'.), the ECU deter-
mines that the windshield grass will nol be clouded because
the blown air temperature and the windshield grass will be
increased.

When the step S4704 determines that the engine water
tcmpcraturc TW is less than thc prcdctermincd temperature
(for example, 40'.), since thc windshield grass might be
clouile&l, a healing perl ormance restricting control descnbed
hereinafter is cerned out for preventing the windshield from
being clouded

I'irst, step S4704 detemiines whether the flag I is 0 or not
When the determination is a first determination after the hot
gas switch 33 is made on, since thc flag I is 0, thc program
procccds to step S4705 for dctemiinin thc discharge pres-
sure Pil of the compressor 11 is fess than a lirst predeter-
mined value (lor example, 20 kg/cmaC) or not.

When the discharge pressure Pd is less than the lirst
predetermined pressure, the program proceeds to step S4706
for determining the external air temperature is more than a
second prcdctcrmincd value (for example, O'.) or not.
When thc external air temperature is morc than second
predetermined value, step S47U7 determines whether a tem-
perature Te of the imloor heat exchanger 15 (Ior example,
temperature of blown air having passed through the indoor
heat exchanger) is leaver than a first predetermined tempera-
ture or not ilare, the first predetermined temperature is set
to cxtcrnal air tempcraturc plus 5'.

When thc indoor heat exchanger tcmpcrature Tc is lower
than the first predetermined temperature, the program pro-
ceeils to step S4708 for energizing the electromagneuc
clutch lla lo operate Ihe compressor 11. On the other hami,
when the indoor heat exchanger temperature I'e is more than
the first predetermined temperature, the program proceeds to

step S47U7 for disenergizing the electromagnetic clutch lla
to stop the compressor 11 Simultaneously, the tla I is set
to I

I'urther, the step S4706 determines that the external air
tcmpcraturc is lovvcr than the second prcrlctcrmincd value,
thc pro ram proceeds to step S4710 for determining thc
imloor heal exchanger temperature Te is lower than Ihe
second preiletermined temperature. Here, the second prede-
termined temperature is set to 0''n the present embodi-

i o ment When the indoor heat exchanger temperature Te is less
than the second predetermined temperature, the pro ram
proceeds to step S4711 for cncrgizing the electromagnetic
clutch lla to operate thc compressor 11. On thc other ban(i,
when Ihe mdoor heat exchanger temperature Te is more than
Ihe secoml predetermined temperature, Ihe pro ram pro-
ceeds to step S4712 for disenergizin the electromagnetic
clutch Ha to stop the compressor 11

When the step S4705 determines the discharge pressure
Pd of thc compressor 11 is morc than the first prcdctermincrl

oo value, thc program proceeds to step S4709 for discnergizing
Ihe electromagnetic clutch Ila to stop the compressor 11.
Simultaneously, Ihe fiag I is set lo I

At the step S4709, when the tlag I becomes I, next step
S4704 detemiines "NO'*, and the program proceerls to step

zs S4713 for determining ivhether the discharge pressure Vd of
the compressor 11 is less than a prcrlctcrmincrl prcssure (for
cxaniplc, 2 kgicni G) or not.

Unul Ihe discharge pressure Pd decreases lower than the
second predetermined pressure, Ihe program proceeds from
step S4713 to step S4714 for maintaining the Oil state of
the electromagnetic clutch lla

When the discharge pressure Vd decreases lower than the
second prcdctcrmincd prcssure the program proceeds from
step S4713 to step S4715 for cncr izing thc ckctromagnctic

is clutch lla Io operate Ihe compressor 11 again, aml the fiag
I is sel to O. In Ibis way, Ihe program proceeds from the step
S4704 to the slap S4705, aml the compressor 11 keeps on
operating until the discharge pressure Vd exceeds the first
predetermined value

so Herc, when the step S4701detcrmines that the cxtcrnal air
tempcraturc is niore than 10'., since thc heating mode of
Ihe hot as heater cycle is nol required, the program pro-
ceeds Io step S4716 fiir closing Ihe healing electromagneuc
valve 416 aml the electromagnetic clutch 416 is disenergized

as at step S4714 to stop the compressor 11.
On the other hand, at step S4703, the engine water

tcmpcraturc is over 40'., since thc fo on thc ivindshicld
is not worried, thc niaximum hot gas heating mode is carne(I
out as shown in FIG. 14. That is, when the engine water

so temperature is more than 40'., step S4703 determines
"NO', anil the compressor 11 mtermits in accorilance with
only the discharge pressure Vd at steps S4717 '147123 for
controlling the heating mode performance.

Thc performance control of the heating mode is thc same
as thc pcrforniancc control at steps S4605—S4610 in FIG. 14
Since the res(ricing control of the indoor heat exchanger
temperature Te is nol corned out, Ihe maximum hot gas
heaung mode is executed.

As described above, I'IG. 16 shows a performance
restricting control in which the compressor 11 is controlled
to intermit (luring thc heating motte for restricting thc
tcmpcraturc of thc indoor heat cxchangcr 15, and a maxi-
mum performance operation control in which the imloor
heal exchanger temperature Te is not restwcteil. These are

as summarized as follows.
(I) while the engine water temperature is less than40''nd

the windshield mi ht be clouded,



(i) O'.~external air temperature=-10'.
Steps S4707, S4708, S4709 cnntroi thc cnmpressor 11 to

operate intermittently for adjust the indonr heat
exchanger temperature tn be external air temperature
plus 5'. Thereby, log on Ihe vehicle winrfshield is
effectively preventeil.

During heating operation in winter, cxtemal air is gener-
ally introduced into thc air-conditioning case 18 and passes
through the indnor heat exchanger 15 I'he temperature of
the indnnr heat exchanger 15 is cnntrnffed tn be lower than
a tcmpcraturc being slightly higher than thc external air
tcmpcraturc (cxtcrnal air temperature plus 5'.), so that
introiluced air temperature nses by small amount (+5'.).
Thus, reduction of relative humirfity of the introduced exter-
nal air is small. 'I'hereby, re-evaporation of drain &cater kin
the indnor heat exchanger 15 is suppressed

Since the windshield is directly exposed to the external
air, thc tcmpcraturc thereof is aimost the same as or slightly
higher than thc cxtemai air temperature. Thus, by control-
hng the temperature of the indoor heal exchanger 15 to be
a little higher than the external mr temperature (external air
temperature plus 5' ), even when the air binwn through the
defroster air nutlet 49 contacts the ivindshield grass and
cooled to the temperature of the windshield, the bin&en air is
not saturated, so that thc windshield is not clouded.

When thc heating mode is carried nut by introducing the
external air into the air-conrfitioning case 10, the tempera-
ture of the indoor heal exchanger LS is controlled to Ihe.

external air temperature plus 5' while the external air
temperature rises over O'. I'hereby, heating inad of the
heater core 21 is reduced by the temperature rise +5', so
that thc heating performance inside thc vehicle cabin is
improvcrl.

(ii) cxtcrnal air temperature=-O'.
Steps S4710, S4711, S4712 controls the cnmpressor 11 to

operate intermittently so that the indonr heat exchanger
tcmpcrature bccomcs O'. Thus, drain water frosted in
thc indoor heat exchanger 15 is prevented from melting
anil evaporaung, so that fog on the winrfshield due io
the drain water evaporation ts prevented.

At a cold ihslwct, Ihe heating mode is used at —30'.
through — 20''. In this case, when the heating mode nf the
hot gas heater cycle is carried out, temperature of the air
introduced into thc air-conditioning case 18 is increased
from -30'. throu h -20'. to O'. by heat radiated front
thc as refrigerant, thcrcby improving thc heating perfor-
mance inside the vehicle cabin by the temperature nse.

(2) when the engine water temperature is over 40'., and
the windshield is not cinuded

Slaps S4717—S4723 operates Ihe compressor 11 inlermii-
tenlly in accordance with only the discharge pressure
Pd for cnntrniling the heating mode performance That
is, the maximum heating mode operation nnt to restrict
thc inrloor heat exchanger tcmpcrature Te is carried out.

In FIG. 13, when step S455 determines thc period t after
the hot gas healing mode start has passed more than Ihe.

predetermined period IO, Ihe program proceeds to step S490
to set Ihe fiag I to 0. After that, slap S450 always determines
"YHS*', and step 5460 carries out the maximmn heating
operation nt'he hnt gas heating mode

Herc, when thc hot gas heating mode is not designated,
step S440 dctcrmincs "NO'*, step S500 stops the hot gas
healing morfe. That is, the heating electromagnetic valve 4lb
is closerf anil Ihe electromagnetic clutch 11a ts dtsenergiaed
to stop the compressor 11.

In the eighth embodiment, when the engine 22 stops
before a hot gas heating &node period tl reaches the prede-
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lermined penod IO, Ihe hot gas healing mode is compulsonly
slopped before the drain water in the imloor heat exchanger
15 completely evaporatcs. Thus, in this case, as thc hot gas
heatin mode period tl is longer, thc prcdctermincd pcriorl
tO may be corrected longer
Modifications

In thc first to fifth cmborliments, thc compressor ll is an
clcctric compressor and thc air outlet tcmpcraturc Tc of thc
mdoor heal exchan er 15 is controlled with the control for
Ihe RPM of the compressor 11 as an example. But, in the
sixth and seventh embodiments, the inmpressnr 11 can be
driven ivith the vehicle engine 22 via the electro-magnetic
clutch and thc air outlet tempcraturc Ti: of thc indoor heat
cxchan cr 15 is controllcrl by turning ON&OFF compressor
11 with thc electro-magnetic clutch. Moreover, when com-
pressor 11 is a variable capacitance type compressor that can
chan e the exiung amount of coolant, the air outlet tem-
perature Te nf the indoor heat exchanger 15 may be con-
trolled with the control fnr exiting coolant of compressor 11

In adrlition, thc opening angle of decompressing appara-
tus 14 can bc electrically controllcrl, thc coolant tcmpcraturc
of thc indoor heat exchanger 15 can be adjusted by adfusting
Ihe high pressure side pressure dunng heaung depemling on
Ihe openmg angle control ol. Ibis decompressin apparatus
14 and thereby the air outlet temperature Te of the indoor
heat exchanger 15 is controlled

Morcovcr, tempcraturc of thc indoor heat exchanger 15
can bc controlled by rlctecting thc surface tcmpcrature of a
inrloor heat cxchan cr 15 fin instead of thc air outlet
temperature Te of. the iniloor heat exchanger 15. Moreover,
in the lira( lo lifih embodiments, hol water suppheil from the
vehicle engine 21 circulates through the heater core 21, but
it is also possible in a vehicle loading a fuel battery that the
cooling water (hot-water) of a fuel battny circulates through
the heater core 21.

In above cmbodinicnts, the manual scttin system has
been explained in which the air cooling mode is set by
lurmng ON the air-conditioning (air cooling) switch 32
(I'IG I) and the air heating mode is set by turning ON the
air heating switch 33 (liIG. I), but in the case of automati-
cally controlling a vchiclc compartment tcmpcraturc ivith an
electronic control apparatus 25 for air-conrlitioning, a target
air outlet tempcraturc is calculated based on thc thermal loarl
conilition of. vehicle and aching temperature aml a tempera-
ture adlusting means such as the air-mixing door 23 or the
like is also controlled to attain the target temperature of the
air blowing intn the vehicle compartment. Therefore, it is
also possible that the air heating mode is set automatically
in the area whcrc the target air outlet tempcraturc is higher

i,& than thc predetermined tcmpcraturc and the air cooling
mode is also set au tom abc ally in the area where the target air
outlet temperature is lower than the predetermined tempera-
ture

While the above-described embndiments refer to
examples of usage of the present invention, il is understood
that thc present invention may bc apphcrl to other usage,
modifications and variations of thc same, and is not limitcrl
to Ihe disclosure provideil herein.

What is claimed is.
1. An air conditinning apparatus fnr a vehicle, said

air-cnnditioning apparatus comprising
an mr-conditioning case through which air flows toward a

vehicle compartment;
a heat pump system mcluthng an iniloor heat exchanger

ss provided within the air-conditioning case, a compressor
that adjusts an amount of exiting cnnlant, and a valve
ivhich allo&vs said indoor heat exchanger tn operate as



a low pressure side heal exchanger during an air
cooling operation of the heat pump system, and ailoivs
said indoor heat exchanger to operate as a high pressure
side heat exchanger during a heating operation of the
heat pump system;

a heater core positionetl downstream of. the indoor heat
exchanger, Ihe heater core heating air coming from Ihe.

indoor heat exchanger by using hot ivater heated with
waste heat of the vehicle; and

a control unit that controls a temperature of thc indoor
heal exchanger by operating Ihe compressor of Ihe heat
pump system, wherein.
the control umt determines whether a window glass of

the vehicle is fogged,
thc control unit controls the temperature of thc indoor

heat exchanger at or below a first prcdctcrmincd
tcmpcraturc when the heat pump system is operated
umler Ihe healing operation and Ihe window glass is
rfelerminerf to be fogged,

the control unit controls the temperature of the indoor
heat evchanger at a certain temperature higher than
the first predetermined temperature and loiver than a
second prcdctcrminrd temperature when thc heat
pump system is operated under thc heating operation
and the window glass is determined lo be nol logged,

the first predetermined temperature is sel to suppress
re-evaporation of condensed water on the indoor heat
evchanger, and

the second predetermined temperature is set to corre-
spond to an assured resistance pressure of the indoor
heat cxchangcr when the indoor heat exchanger is
Ihe low pressure side heat exchanger.

2. The air-t:omhtioning apparatus ior the vehicle accord-
ing to claim 1, further comprising

a first sensor that dctccts a quantity rcprcscnting an air
humidity in thc vehicle compartnient near thr window
glass,

wherein the control unit determines ivhether the windoiv
glass is fogged based on the detected quantity

3. Thc air-conditioning apparatus for thc vehicle accord-
ing to claim 2, whcrcin the quantity is a water temperature
of water in thc hcatcr core, and the control unit determines
whether the window glass is foggerf when the water tem-
perature is lower than a prerfeterminerf water lemperauire.

4 The air-conditioning apparatus for the vehicle accord-
ing to claim 3, further comprising

a second sensor that detects an external air tcmperaturc,
wherein the control unit compensates the predetermined

water temperature so that the predetermined ivater
temperature is increased as the external air temperature
dccrcascs.

5. Thc air-conditioning apparatus for thc vehicle accord-
ing to claim 1, further comprising:

means for recording a cooling history of the indoor heat
exchanger,
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wherein the control unit determines whether the window
glass is fog ed base(1 on thc recorded cooling history of
the indoor heat exchanger.

6. The air-conditioning apparatus for thc vehicle accord-
in ~ lo claim 1, wherein Ihe heat pump system is stopped
vvhcn thc control unit rlctcrmincs that thc win(low glass is
not fog ed.

7. The air-conditioning apparatus for thc vehicle accord-
in ~ to clmm 1, wherein the lirst pretletermined temperature
is 10':

g. The airexindiuoning apparatus ior lhe vehicle accord-
ing to claim 1, ivherein the heat pump system uses (:(I as
thc coolant.

9. The air-conditionin apparatus for the vehicle accord-
ing to claim 1, vvhcrcin thc indoor heat exchanger is
designetl as the low pressure heat exchanger so that lhe
inrloor heat exchanger withstanrls up to thc assured resis-
Iaiice prt:ssui'e.

n 10 An air-conditioning apparatus for a vehicle having a

wmdow glass, said air-conthtionmg apparatus composing.
an air-conditionin case through which air flows,

a heat pump system including an indoor heat exchanger
disposed within said air conrlitioning case, a comprcs-
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sor and a valve movable between a lirsl posihon where
said indoor heat exchanger operates as a loiv pressure
heat exchanger dunng an air cooling operahon and a

second position where said indoor heat exchanger
operates as a high pressure side heal exchanger dunng
a heating operation, said heat pump system defining an
assured resistance pressure for said indoor heat
exchanger svhen said indoor heat exchanger operates as
said low pressure side heat exchanger;

means for detemiinin if the svindow glass of the vehicle
is fo ged,

a control unit for controlling an operating tcmpcraturc of
said mdoor heat exchanger within a lira( and a second
temperature range by controllmg output of said
compressor, said lirst temperature range being at or
beloiv a first predetermined temperature when said
indoor heat cxchan cr operates as sairl high pressure
side heat exchanger and said determimng means deter-
mines that said windovv glass is fogged, said second
temperature range being between said lirst predeter-
mined tcntpcrature anti a second prcdctermincd tem-
perature higher than said lirst pretletermined tempera-
ture ivhen said indoor heat exchan er operates as said
high pressure side heat exchanger and said determining
means determines that said window glass is not fogged,
sairl second predetermined temperature corresponding
to said assured resistance pressure of said indoor heat
cxchan er.


