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(s7) ABSTRACT

A refrigerating cycle apparatus is used in an airconditioning
system of an automotive vehicle, tvhich is capable of oper-
atin in a hot gas bypass heating mode. Herc, thc discharge
side of a contpressor is directly connected through a hot gas
bvpass conduit to the tniet sade of an evaporator. The
evaporator acts as a ra(hater, heats(i by gas reingerant. The
compressor is stopped during operation of the apparatus in
this heating mode when a physical quantity representin the
high-side pressure at the compressor d(scharge side rises
above a sct value. Thc compressor is restarted when a

physical quantity representing a heating capacity (for
example the htgh-sade pressure) falls below a set value
which tndtcates that there ts no heaung capacity tn the
stopped state of the compressor. As a result, the heating
capacity obtained through hot gas bypass can he controlled
well tvithout frequent stopping and restarting of the com-
pressor.
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REFRIGERATING CYCLE APPARATUS

CROSS-REFERENCE TO RELATED
APPI.I(IA'11ON

The present invention is relaterf Lo Japanese patent appli-
cation No. Hei 11-180456, Iilerf Jun. 25, 1999; No. Hei.
I I-320fgff, filed Nov LO, f999; the contents nf which are
incorporated herein by reference

FIELD OF THE INVENTION ln

The present invention relates to a refrigerating cycle
apparatus, and more particularly, tn a refrigerating cycle
apparatus having a hot as bypass function.

is
BACKGROUND OF THE INVENTION

Generally, in vehicle air-cnnditioliing systelns, during
winter heating, warm water (engine cooling water) is circu-
lated through a heat cxchan er for heating. Air-conditinning
air is heated by this heat exchanger by using the warm water
as a heat source. However, in this case, when Lhe tempera-
ture of the warm water is low, the temperature of air blnivn
into the passenger compartment nf the vehicle is lolv, and the
required heating effect is not obtained.

"s
In an attempt to overcome this problem, Japanese Unex-

amined Patent Publication No. H.5-223357 proposes a
reingerating cycle apparatus capable of reahztng a heating
function by using hot gas bypass has been propnsed. In this
apparatus, vvhen the warn) water temperature is lower than

ln
a predetermined tcmpcraturc, such as durin engine smrtin,

'

an auxiliary hcatin function is provided by fccding gas
refngerant rfelivererf by a compressor (hot gas) into an
evaporator. This approach bypasses the condenser, aml heat
from the gas refngerant is iransferred by the evaporator into
the air-cnnditinning air That is, the same heat exchanger
mounted in an air-cnnditioning case, namely the evapnrator,
ts used altcrnatcly to cool in a cnoling mode and to heat
durin a hcatin mode.

Now, in thc above described apparatus, durin a heating sc
mode, a high-side pressure is sensed at the discharge side of
the compressor. When this pressure falls below a set value,
the cnmpressor is operated. Hnwever, when this pressure
rises above the set value, cnmpressor operatinn is stopped to
prevent an abnormal rise in the high-side pressure

While this apparatus has bcncfits, it provides no specifi
method for rlcciding thc set value of the high-side pressure
at which to stop compressor operation. However, experi-
mental sturfies, cerned out by the present inventors, show an
operattonal problem with the compressor being stopped anil sc
restarted frequently during an extremely small period of
time More specificall, when in the hot gas bypass heating
mode, thc capacity of the high-prcssure circuit part of the
cycle is much lower than in the coolin niodc. This is
bccausc high-prcssure refrigerant from thc cnmprcssor dis- ss
charge safe is fed directly to the evaporator, bypasrung the.

comlenser. Also, the hot gas bypass heating mode is used
during cold temperatures when the outside air temperature is
about —10'. I'hus, there is much heat transfer frnm the
high-prcssure refrigerant to thc low-tenipcraturc outside air. „t)

Conscqucntly, when thc operation of the coniprcssnr is
stopped, thc hi h-side prcssure falls in an extremely short
time to a value close to the low-sirfe pressure.

As a result, the time penod thai the compressor operation
stops and restarts is very short. And as a result, the life of an es
electromagnetic clutch controlling the compressor is short-
ened and the frequent stopping and restarting nf the com-

pressor (shock) reduces ride comfort. The present invenuon
was developed m li ht of these drawbacks

SUMMARY Oi TIIL'NVL'N 11ON

It is therefore an object of the present invention to control
heanng capacity obtained by hot gas bypass system without
givmg nse to frequenL stopping an&i restarting of a compres-
sor.

It ts another object of. Lhe present invention Lo control
heating capacity obtained by hnt gas bypass system without
stopping and restarting of a compressor causing switching of
rcfri crant conduits.

Accnrdingly, the objects nf the present invention are
accnmplished by prnviding a refrigeratin cycle apparatus
capable of being opcratcrl in a hot gas bypass heating mode,
wherein by thc rlischar c side of a compressor is directly
connected through a hot gas bypass conduit to the inlet side
of. an evaporator (lg). The evaporator acts as a radiator
heated by as refrigerant. The invenuon comprises a stop
cnntrnl means (SIII0, 5200) ivhich stnps the compressor
ivhen, during a heatin mode, the hi h-side pressure at the
compressor dischar e sirlc rises above a sct value. An
operation restart control means is providcrl for rcstarting thc
compressor when, while Lhe compressor is stopped, a heat-
in ~ capacity falls below a set value which indicates that there
is no heaun ~ capacity.

yphen the compressor is temporarily stoppe&i, It is main-
tained m an olf condiuon until the heating capacity falls
beloiv a set value indicating that there is nn heatin capacity
Consequently, the compressnr is not restarted within a short
time, it is possible tn prevent problems such as decreasing
thc life of an clcctromagnetic clutch by frequent stopping
anti restarting.

Furtherniore, after the compressor is stopped, thcrc is a
temperature diflcrcncc bctwcen thc tempnaturc of the
evaporator surface and thc air passing over it This rliffcr-
ence is due Lo the heat capacity of the evaporator and
remains until the heating capacity falls below a set value
indicating that there is no heating capacity. Ilowever, in the
present invention, the cnmpressor can be restarted whde this
tcmpcraturc difl'crcncc remains. Thcrcfore, the heatin
capacity does not fall too far duc to thc compressor being
stopped for a ion period of time. Thus, in thc on)off-control
of the compressor, Lhe heatmg capacity is accurately con-
trolled while problems, such as shortene&i life of the elec-
tromagnetic clutch, are prevented.

In anolher aspecL of. Lhe present invention, a reingeratin ~

cycle apparatus having a hot gas bypass conduit directly
cnnnecting the discharge side of a compressor to the inlet
side of an evaporator is provided The apparatus has a valve
means for switchin thc connection between thc rhschargc
side of thc conipressor anti thc hot gas bypass conduit Thc
apparatus also has a connection bctwccn the discharge sirlc
of the compressor and a condenser and is capable of oper-
atmg in a hot gas bypass heating mode.

The discharge side of. Lhe compressor is directly con-
nected through the valve means an&i the hot gas bypass
conduit to the inlet side of. the evaporator As such, the
evapnrator is made to act as a radiator, which is heated by
gas refrigerant. The apparatus generally comprises a first
control means for controlling the valve means that refngcr-
ant flows to thc condcnscr sirlc when, in the heating mode,
a high-side pressure at the compressor discharge side rises
above a set value. A secoml control means for restoring Lhe

valve means to a heaung mode operation state thereof when
a heating capacity in the evaporator falls belnw a set value
which indicates there is no heatin capacity



As such, the heating capacity, obtained dunng hoi gas
liypass by refrigerant tlow cnntroi using the valve means,
can be accurately cnntroiled Thus, heating capacity control
can lie carried out by switching of refrigerant conduits
without stoppin and restartin the compressor, and fluc-
tuations of compressor torque can bc suppressed.

As provided in another aspect of the present invention, Ihe.

first control means cnntrnks the valve means so that the
connection iietween the discharge side of the cnmpressor
anil thc hot as bypass conduit and the connection bctivccn '"
thc discharge side of thc compressor and the condenser arc
both open. By this means, it ts posmble to carry out heating
capacity control with refrigerant flowing to the hot gas
bypass conduit side and to the conrienser mde in parallel.

In another aspect of the present invention, thc first control is

means controls thc valve means to close the connection
bctwccn thc discharge side of thc compressor and thc hot gas
bypass comluit anti open the connection between lhe dis-
charge side of the compressor and the condenser. As a result,
heating capacity control is carried out with the same state as n

during the cnnling mode of the apparatus. In another aspect
of the mvention, at least nne or the other of the set values
pertaining to thc high-side prcssure and thc heating capacity
arc corrcctcd based on heat load. As a result, in on ofl-
control of Ihe compressor, because Ihe compressor operating
time is correcteii according, to heal load, on,'olf-control of
the compressnr can be contrnlled apprnpriately cnrrespond-
ing to heat load

In another aspect nf the present invention, a quantitv
l))

relating to heat load is an outside air temperature or thc
tcmpcraturc of a room being heated. As prnvided in a further
aspect oi. the present invennon, an apparatus having a warm
water type heat exchanger for heating is provided. This
device constitutes Ihe main healing device and is disposeri
on the air dnwnstream side nt'he evaporator A quantity
representing the heating lnad is the temperature of warm
water circulating throu h the heat cxchan er or thc nutlct
tcmpcraturc of air blown into a room through an nutlct
downstream of thc heat exchanger.

sn
As set forth in a further aspect of. Ihe present invenuon, a

quantity representing Ihe heating capacity is lhe refrigerant
pressure in the cycle during compressor stoppage. I iere,
either the high-side pressure or the low-side pressure can be
used as the refiugerant pressure in the cycle.

In another aspect of thc present invention, thc quantity
rcprcscnting thc heating capacity is thc rcfrigcrant pressure
in thc cycle during a compressor stoppage. When as a result
of the stoppage of the compressor the refrigerant pressure
falls to Ihe vicinity of a saturation pressure wilh respecl lo sn
the outside air temperature the compressnr is restarted.

When the cnmpressor is stopped, high side pressure falls
more rapidly and the rate of heat transfer from the high-
prcssurc refrigerant to thc outside air increases as the outside
air tcmpcraturc drops. However, because the saturation ..
pressure of Ihe outmde air temperature also falls with outside.
air temperature, in Ibis aspect of Ihe present invennon, Ihe.

reingeranl pressure at which the compressor is restarted
liecomes low when the nutside air temperature is loiv. As a
result, because the refrigerant pressure at ivhich the corn- N)

prcssor is rcstartcd bccomcs low and thc high-side pressure
falls morc rapidly, these conditions may cancel each other
out. Therefore, the nme thai compressor is stopperi is
prevented from becoming short when the outside air tem-
perature is low. Therefore, the time that compressor is as
stopped is kept substantially constant, irrespective of
changes in the outside air temperature

In another aspect of lhe prevent invention, Ihe quantity
representing the heating capacity is the temperature of
evapnrator. As set fnrth in an eleventh aspect of the present
invention, the quantity representing the heatin capacity is
thc tcmpcrature of evaporator. Also, thc compressor is
rcstartcd ivhcn thc tcmpcrature of thc evaporator has faflcn
u) a iemperaiure of. about ihe outside air lemperalure due to
sloppmg operation of m)mpressor.

In anoiher aspect oi. Ihe present invention, a reingeraling
cycle apparatus capable of being nperated in a hot gas
bypass heating mnde, ivherein by the discharge side of a
compressor is directly connected through a hot gas bypass
conduit to the inlet sirlc of an evaporator. Thc evaporator acts
as a radiator hcaterl by gas refrigerant. The invention com-
prises a stop control means which slops the compressor
when, dunng a heaung mode, Ihe high-side pressure at the
cnmpressor discharge side rises above a set value An
operation restart control means for restarting the compressor
vvhcn thc time for vvhich the compressor has i)can stoppcrl
rcachcs a sct value.

As a result, the cnmpressnr is restarted after it has linen
forcibly stopperl for a sct time pertaining to thc operation
restart control means. As such, thc time which thc compres-
sor is slopped can easily be kept constant irrespecnve of
changes in usa e comhtions.

Further areas of applicability of the prcscnt invention will
become apparent from the detailed description provided
hereinafter. It should be understood that the data)lett descnp-
tion and specihc examples, while indicatmg preferred
embodiments nf the invention, are intended for purpnses of
illustration only, since various changes and modifications
within hc spirit anil scope of thc invention will become
apparent to hose skilled in the art from this rlctailcrl descrip-
lion.

BRIEF DESCRIPTION OF THE DRAWINGS

Thc present invention will bccomc morc fully understood
from lhe detailed description and the accompanyin ~

drawin s, wherein.
FIG. I is schematic view of a first embodiment of a

refmgeraling cycle apparatus accortiing to the present inven-
lion,

FIG. 2 is a blocl diagram of an electric control lor a first
embodiment of. a refrigerating cycle apparatus acmrdtng to
Ihe present inveniion;

FIG. 3 ts a flow chart depicung a heating mode for a iirsl
embodiment of a refrigeraung cycle apparatus according to
the present invention;

FIG. 4 is a graphical view of a refngerant saturation chart
for a lirst embodiment of a refrigeraung cycle apparatus
according to the present invention;

FIG. 3 is a graphical view of the relanonship between
heanng capacity and outside air temperature ior a reinger-
ating cycle apparatus according tn the present invention;

FIG. 6 is a graphical view of a compressor control for a
refmgeraling cycle apparatus according to Ihe presenL inven-
t)el);

FIG. 7 is a raphical view showing ON-sel values and
Off-set values for a second emi)odiment of a refngerating
cycle apparatus according to the present mvention,

FIG. g is a graphical view showing ON-set values and
Oif-set values fnr a third embodiment of a refrigerating cycle
apparatus according to the present invention;

FIG. 9 is a raphical view showing ON-sel values and
Off-set values fnr a fnrth embodiment of a refngerating
cycle apparatus according to the present mvention,



FIG. 10 is a graphical view showing O¹el values and
Off-set values for a fifth embodiment of a refrigerating cycle
apparatus according to the present invention;

FIG. 11 is a graphical view showing ON-sct values and
Off-set values for a sixth embodiment of a refngerating
cycle apparatus according Lo the present invention,

I'IG 12 is a graphical view showing ON-set values and
Off-sct values for a scvcnth emf&odimrnt of a refrigerating
cycle apparatus according to the present invention;

FIG. 13 is a graphical view showing O¹et values and
Off-set values for a eighth embodiment of a refngeranng
cycle apparatus according Lo the present invention,

FIG. 14 is a tlow chart illustrating a heating mode control
for a ninth embodiment nf a, refrigerating cycle apparatus
according to the present invention;

I'IG. 15 is a fioiv chart illustrating a heating mode control
for a tenth cmborhment of a refrigerating cycle apparatus
according to the present invention;

FIG. 16 is a graphical view of the heating mode for a first
embodiment of a refngeraling cycle apparatus accorihng io
the present invention,

FIG. Iy is a graphical view showing healing mode control
for a eleventh embodiment of a refrigerating cycle apparatus
according to the present invention;

I'IG 18 is an operating characteristic chart for a eleventh
cmbodimcnt of a rcfri crating cycle apparatus according to
thc prcscnt invention;

FIG. 19 is Mollirr chart iliustrating thc operation of the
heanng mode for a eleventh embodiment of a refngerating
cycle apparatus according Lo the present invention, and

FIG. 20 is a tlow chart illustrating heating motte control
for a twelfth embndiment of a refrigerating cycle apparatus
according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. I shows a lira( preferred embodiment of a refnger-
ating cycle apparatus of an air-conditioning system for use
in an automotive vehicle. I fere, a compressnr 10 is driven by
a water-cooled vehicle engine 12 via an electromagnetic
clutch 11. The compressor 10, for example, is a fixed-
capacity swashplatr type compressor.

Thc dischar c side of thr coniprcssor 10 is connected via
an clcctromagnctic valve for cooling (first valve means) 13
to a comlenser 14. The outlet sirfe of conrfenser 14 is
conneclerf to a liquirf-receiver 15 for separanng gas and
liquid phases nf a refrigerant and collecting liquid refriger-
ant ('.onling air (outside air) is bloivn through the condenser
14 by an clcctric cooling fan 14n.

The outlet stile ot'he liquid-receiver 15 is connected to a
temperature-controlled expansion valve (first pressure-
rcducin means) 16. Thc outlet side 6f thc tempcrature-
controllcd expansion valve 16 is connected via a check valve
Iy to an evaporator 18. The outlet side of the evaporator 18
is connected via an accumulator 19 to the intake side of. Lhe.

compressor 10. The temperature-controlled expansion valve.
16 adjusts its valve aperture (refrigerant flow) so as to keep
the degree of superheating of refrigerant at the outlet of the
evaporator 18 at a prcdetcrmined vaiur during ordinary
rcfn cratin cycle operation (in a cooling mode). Thc accu-
mulator 19 separates gas and liquid phases of a refrigerant
and collects lhe liquid relngeranl. The accumulator 19
allows the gas refrigerant anrf a small amount of liquirf
refngerant (in which oil is dissolved) near the bottom to be
taken into the mtake side nf cnmpressor 10

A hot gas bypass comluit 20 is provided between the
discharge side of the compressor 10 and the inlet stile of the
evaporator 18, bypassing the condenser 14. An electromag-
netic valve for heating (second valve means) 21 and a
throttle (second pressure-reducing means) 2la arc provided
in series in hot gas bypass conduit 20. Throttle 21n can bc
a lixed throttle such as an orilice or a capillary tube.

The evaporator 18 is mounted inside an air-conditioning
case 22 of a vehicle air-conditioning system and exchan es

'" heat with air (air front inside a passenger compartment of thc
vehicle, or outside air) blown thcrcthrough by an electric
air-conditiomng blower 23. In a cooling mode, refrigerant
insiile the evaporator 18 cools this air by absorbing heat
therefrom aml evaporanng. Also, in a heanng mode, Lhe

evaporator 18 takes in high-temperature refrigerant gas (hot
gas) from the hot gas bypass conduit 20 and transfers heat
therefroni into thc air, thus performing thc role of a rarliator

Inside air-cond)honing case Z2, a warm water type heat
exchanger 24 is disposed on the air downstream side of Lhe

o evaporator 18 Warm water type heat exchanger 24 heats air
blown therethrough with warm water (engine cooling water)
from the vehicle en ine 12. This air is then bloivn as
air-conditioning air into the passenger compartment through
outlets (not shown) provirlcrl on thc rlownstrcam side of heat
exchanger Z4. A warm water valve Z5, which controls warm
water fiow Lo heat exchanger Z4, is provided in a warm water
circuit which serves heat exchan er 24 In the heating mode,
the evaporator 18 constitutes an auxiliary heating device and
the ivarm ivater type heat exchanger 24 constitutes a main

l))
heatin dcvicc.

An air-conditioning electronic control unit (hcreinaftcr,
ECU) 26 mcluiles a microcomputer and peripheral circuits.
ECU Z6 camas out computational processing of input
signals according to programs io control the operation of ihe
electromagnetic clutch H, the electromagnetic valves 13, 21
and other electric devices (14n, 23, 25 and so on)

Referring noiv to I IG 2, a block diagram of an electric
control, including ECU 26, is shown and described. Dctcc-

so tion signals from a set of sensors inclurling an inside air
temperature sensor 30, which detects the air temperature
miude lhe passenger comparimenl; outside air temperature
sensor 31, which detects the outside air temperature, solar
radiation sensor 32, which detects the amount of solar

js radiation entering the passenger compartment; a temperature
sensor 33 for evaporator 18; a warm water tcmperaturc
sensor 34 for thc vehicle cn inc 12; and a refrigerant
pressure sensor 35. Oulpu(s lrom each of Lhasa sensors are
inpuned lo ECU 26.

so Here, the temperature sensor 33 of the evaporator 18 is
disposed in a position immediately behind the exit of the
evaporator 18, as shown in I'l(i 1. 'Ibmperature sensor 33
detects an exit air tcmpcrature from thc evaporator 18. Thc
rcfri erant pressure sensor 35 is rlisposed on thc discharge

;; side of thc compressor 10 as shown in FIG. 1. Rcfri crant
pressure sensor 35 detects Lhe high-side pressure Pd at the
discharge side of. the ix)mpressor 10.

Control signa(a from a set of control switches 41 through
45 in an air-conditioning control panel 40 mounted in the

8) vicinity of a dashboard in the passenger compartment, are
also input into ECU 26. Thcsc control switches include a hot
gas switch (auxiliary heating switch) 41, which outputs a hot
gas bypass heating mode operanon signal, a mode switch 42
for switchmg among air-comhtioning outlet modes (FACE,

as BI-LEVEL, FOOT, DEFROSTER); a temperature setL)ng
sivitch 43, ivhich outputs a signal for setting the passenger
compartment temperature; an air-conditiomng switch 44,



which outputs a cooling motte operation signal, aml an
airflnw switch 45 which controls the pc&ver of the blower 23

The operation of this preferred embndiment &vill now be
described I'irst, the nperation of the refrigerating cycle will
bc cxplaincd. When thc air-conditioning switch 44 is turned
on and outputs a cooling mode opcratinn signal, thc ECU 26
opens the electromagnetic valve 13, closes the electromag-
nettc valve 21 anrf engages Ihe electromagnetic clutch 11 so
that compressor 10 is dnven by Ihe vehicle engine 12.

As a result, gas refrigerant, delivered by the compressor
10, flows through the electromagnetic valve 13 and into the
condenser 14 l fere, the refrigerant is cooled and is con-
dcnscd. Thc contlcnscd liquid refrigerant then undergoes
gas/liquid separation in thc liquid-rcccivcr 15. Then, liquid
refngerant only is reduced in pressure and thereby brought
to a low temperature, low pressure gas/liquid two-phase.
state by the temperature-controlled expansion valve 16.

The lnw-pressure refrigerant then fin&v through the check
valve 17 into the evaporatnr 18 and remnves heat from
air-conditionin air deiivcrcd by thc blower 23 and then o

cvaporatcs. Air-conditionin air, confed l&y thc evaporator
18, then blows into thc passenger compartment and cools thc
passenger compartment. Gas refngerant evaporated in Ihe
evaporator 18 is tal en in to Ihe compressor 10 through Ihe
accumulator 19 and coinpressed

In winter, nn the nther hand, the hot gas stvitch 41 is
turned on and outputs a heating mode operation signal 'I'he

ECU 26 closes thc clcctromagnctic valve 13 and opens the
clcctromagnctic valve 21 so that the hot gas bypass conduit
20 is opened. As a result, The heating mode is set.

Conscqucntiy, when thc electromagnetic clutch 11

cngagcs anil thc compressor 10 is driven by thc vehicle
engine 12, high-temperature gas refngerant (superheated gas
refrigerant) delivereil from Ihe compressor 10 passes
through the electrnmagnetic valve 21, which is in an open
state The gas pressure is reduced by the thrnttie 2ln, and it
flows into the evaporator 18 l&uring this time, check valve
17 prcvcnts gas rcfrigcrant from thc hnt gas bypass conduit
20 from flowing to thc tcmpcraturc-controlled expansion sn
valve 16 side.

Supcrhcatcd gas rcfri erant, reduced in prcssure by thc
throttle 21u, transfers heat to air in thc evapnrator 18. Here,
the amount of heat released from the gas refrigerant in Ihe
evaporator 18 is equivalent Io Ihe amount of. compression
work done by the compressor 10. At this time, if the warm
water temperature nf the vehicle engine 12 is high enough,
the air can be further heated in heat exchanger 24 before
being blown as warm air-conditioning draft into the passcn-
gcr compartment. This heating is acconipiished l&y feeding s,&

warm water through the warm water valve 25 to the warm
water type heat exchanger 24.

Gas rcfri orant, having given nff heat in thc evaporator
18, is ilrawn into compressor 1U via accumulator 19 anil
compresseil. During winter heating, to prevent fogging of.

windnw glass, outside air is normally taken in and blown
into air-cnnditioning case 22.

Next, hot gas bypass healing mode capacity control
during imv nutside air temperature in winter &vill be dis-
cussed in detail. As shotvn in l&IG 3, the contrnl routine
starts when an ignition switch (not shown) nf vchiclc en inc
12 has bccn turned on and thc hot gas switch 41 on thc
air-i:onditioning control panel 4U is turned on. Also, in a step
S100, initial&xenon of flag 1=0 is carnerf out. Then, in step
S11U, signals from Ihe sensors 30 through 35 aml the control ss
switches 41 through 45 nf the air-conditioning control panel
40 are rearl in

Then, in step S1ZU, an OFF-set value Pl of: the high-side
pressure Pd ts determined. Here, the OFF-set value Pl is a
sct value at which thc electromagnetic clutch ll is to bc
disen aged and thc compressor N thcrcby stoppctl. In this
example, Vl is made a preset fixed value, for example 2(l
kg'cm (i

Then, in step S130, an ON-sct value V2 of thc high-side
pressure(i Pd is sct. Herc, thc ON-sct value P2 is a sct value
at which the electromagnetic clutch H is en aged and the
cnmpressor 10 is thereby restarted after the cnmpressor 10
is stopped. In this example, the set value is determ&neil based
on the saturanon chart of refngerant R134a shown in FIG
4. That is, thc ON-sct value PZ is sct to a pressure slightly
(about 11 cm'G) higher than thc saturation prcssure PO of
refrigerant R134n at the nutside air temperature
Accordingly, the ON-set value V2 is a value which falls with
Ihe outside air temperature.

llere, the determined ON-set value V2 is a value held in
the air-conditioning L('U 26 This held value of V2 can also
be used to detect a refrigerant shnrta e, when a tletected
pressure is smaller than P2. Here, the high-side pressure P2,
rcprcsentin thc heating capacity, and the rcfri crant short-
s e detection value are the same. That is, the same area of
memory inside the ECU Z6 can be used for both purposes,
Ihereby mal ing it possible to save memory anil simplify
circuit construction.

Then in step S140, it is determined whether the outside air
temperature is below a set value (for example IO' ). If
true, step S150 determines whether the engine water tem-
perature is belo&v a set value (fnr example SO''

When the outside air temperature and the engine water
temperature are both l&clew their respective set values, the
hot gas bypass heating niode operation is necessary. As such,
in step S160, the clectromagnctic valve 13 for cooling is
closed anil the clcctromagnetic valve 21 for heating is
opened and the hot gas bypass heating mode is thereby set

Then, in step S170, it is dctermincd whcthcr flag I=O. If
Ibis is the lirst time this determination has been made since
Ihe hot as switch 41 was turned on, processing proceeds to
step S18U because flag I=O. As such, step &180 determines
whether the hi h-side pressure Vd nf the cnmpressor 10 is
below the 011nset value Vl (fnr example 2(t kg/cm G) If
the hi h-side pressure Vd is below thc Off-set value Pl,
processing proceeds to step S190 anil the electromagnetic
clutch 11 is engageil (turneil ON) aml the compressoir Hl is
thereby operated.

As compressor 10 continues operating, thc high-sitlc
pressure Pd nses above the Ofl-set value Pl. Processing then
proceeds from step S180 to step SZOU and disengages (turns
OFF) the electromagnetic clutch 11, thereby stopp&ng the
compressor 10 and updatin flag I to tla I=i

As a result, when step S170 is next reached, the answer is
NO As a result, processing proceeds to step S210 and
determines &vhether the high-side pressure Vd nf the cnm-
pressnr N is belo&v the ON-set value V2 (for example, when
thc outside air tcmpcrature=-IO'', 2 kg cm'G). When thc
hi h-side prcssure Vd is higher than the ON-sct value P2,
processing proceeds Io step SZ20 anil electromagnetic clutch
11 is kept disengaged (OFF), Ihereby keeping the compres-
sor 10 off.

W'hile compressor 10 remains stopped, the high-side
pressure Pd falls below the ON-set value PZ. Processing then
proceeds from step SZIO to step S230 and engages (turns
ON) the electrnmagnetic clutch 11, thereby restartin the
compressor 10. Fla I is uprlatetl to flag I=O.

Accnrdingly, in stepsS190, S200, S220 and S230, opera-
tion of the compressor 10 is on'off-controlled and hnt gas



bypass heating capacity is thereby controlled. When Ihe.

outside air temperature is higher than the respective above-
mentioned set value (fnr example 10''), and ivhen the
engine water temperature is higher than the respective
above-mentioned sct value (for cxaniplc 80'.), hot gas
bypass heating is not necessary. As such, processing pro-
ceecls from step S140 or step SL50 to step S240, thereby
closing both electromagnetic valves for cooling 13 aml Ihe
electromagnetic valve for heating 21 I'his is done before
proceeding to step S220 and disengaging (turning Oil') the io
electromagnetic clutch 11 to stnp cnmpressnr 10
Accorclingly, hot gas bypass heating mode operation is
automatically stopped and wasting power for driving the
compressor IU is preventecl.

Next, the technological significance nf the on/otf-control
of the compressor 10 (that is, hot gas bypass heating
capacity control) as described above will bc explained. FIG.
5 is a graph showing experimental results obtained by the
present inventors. FIG. 5 also shows the relationship
between the compressor speed aml Ihe heating capacity Q,
the compressor drive power L ancf the high-side pressure.
(discharge pressure) Vd, with the outside air temperature as
a parameter.

As can bc understood from FIG. 5, in thc hot gas bypass
heaung mode, as the outside air temperature uses and Ihe.

heaung load cfecreases, the compressor speed uses aml Ihe.

compressor discharge floiv increases Also, as outside air
temperature uses and heating load decreases, high-side
pressure Vd rises and heating capacity Q increases lfecause

I)
thc heating capacity Q and thc compressor drive povvcr L arc
proportional, compressor drive power L has thc same rela-
tionship with the compressor speed and the outside air
temperature as with the healing capacity Q.

Here, the rising of high-stele pressure Pd and heating
capacity Q hastens the rising ot'ngine cooling water
temperature which circulates through the heat evchanger 24
for heating. This causes thc en inc load to increase due to
thc compressor drive power L increasin, which is desirable.
Howcvcr, thc compressor drive power L niay risc further

co
than when in cooling mode, having an adverse effect on the.

life of the electromagnetic clutch 11. Or, the high-side.
pressure Vd may evceed the pressure that the refrigerating
cycle can withstand

To avnid this, in this first preferred embodiment, ivhen the js
high-side prcssure Pd reaches the Ofl'-sct value Pl (for
example 20 kg/cm G), thc compressor 10 is stopped. As a
result, the high-sicfe pressure Pd is prevented from using
above the OE-set value Pl. However, since mal ing Ibis
Olf-set value Pl low letuls Io heaung capacity Q being low,
to obtain necessary heatinu, capacity, the Off-set value Vl is
preferably set tn at least 14 kg/cmaG.

Next, a method for determining thc ON-set value V2 at
which thc compressor 10 is restarted will bc dcscribcd. FIG.
6 shows chan cs in thc hi h-side prcssure Pd and the;;
low-side pressure Ps accompanying onioff-control of. Ihe.

compressor 10. FIG. 6 specilically shows results obtained
when the compressor 10 was on/off-cnntrnlled with the
Off-set value Vl made lfi kg cm G and the ON-set value V2

made 2 kg/cm G, as shown in the lower part of FIG. 6, and „ti
with an outside air temperature of -10'. For rcfcrcncc, thc
cnginc spcccl is also shown in FIG. 6.

When the high-side pressure Pd rises above the OE-set
value Pl and the compressor 10 is stopped, the high-side
pressure Pd falls in an extremely short time to a value in Ihe as
vicinity of the low side pressure Vs,asshnivn in IEG 6 This
is because the capacity of the high-pressure circuit part of

10
Ihe cycle is much smaller in Ihe hot gas bypass heaung mode
than in the cooling mode I'urthermore, under the low
telnperature condition of outside air temperature=— IO'',
the rate of heat transfer from the high pressure refngerant to
thc outsiclc air is high.

In thc hot gas bypass heating mode, the high-side pressure
Pd falls rapidly when the compressor 1U is stopped. The
slopped state of the compressor 10 is maintainecl until the
hi h-side pressure Pd falls to a level at which there is no
heating capacity Only when the hi h-side pressure Vd falls
to this level, the mmpressor 10 is restarted.

The high-side pressure Vd level where there is no heating
capacity is now explainccl in greater detail. When thc
high-siclc prcssure Pd t'afls to approximately thc saturation
pressure PO (the pressure on the situ ra non line of FIG. 4) for
Ihe outside air temperature, the temperature dilference
hetiveen the surface of the evaporator 18 and the air (outside
air) blown their throu h is zero, thereby ceasing any heating
capacity. 'I'his is because the refri erant temperature of the
evaporator 18 equals thc tempcraturc of thc outside air
tcmpcraturc,

Since thcrc is a large prcssure cliffcrcncc lictwcen thc
hi h-side pressure Pd when the compressor 10 is operaung
and the saturation pressure PO for the outside air tempera-
ture Also, the high-side pressure Vd falls gently after the
high-side pressure Vd has fallen to approximately the low-
sidc prcssure Ps. Thcrcforc, it takes some time for thc
high-siclc prcssure Vd to fall to approximately thc saturation
prcssure PO for the outside air tcmperaturc.

Therefore, by seumg the ON-set value PZ to approxi-
mately Ihe saturation pressure PU for the outside air tem-
perature (in this lira( preferred embodiment PZ is a pressure
slightly higher than VO), the stopped state of the mmpressor
10 can be continued in on'off-control for a predetermined
time of about 20 to 30 seconds. And, because thc compressor
operation stoppin and rc starting period is kept from becom-
in ~ extremely short, the liTe of the electromagnetic clutch 11
is not shortened by lrequent stopping and restarting of the
compressor.

Moreover, by setting the ON-set value PZ to a pressure
slightly higher than the saturation pressure PO for the outside
air temperature, the heat capacity of the evaporator 18 can
he utilized and restart the compressor 10 ivhile there still
remains some temperature difference between the evapora-
tor surt'ace and thc air (outside air) lilown over it

As a result, the heating capacity does not fall due to
compressor I 0 heing stopped for too long a time period And
thus in onioff-control of thc compressor 10 it is possible to
control thc hcatin capacity well while prcvcnting reduced
life of the electromagnetic clutch 11.

While the conipressor is stoppccl, heat transfer incrcascs
from the high-prcssure refrigerant to thc outsiclc air as thc
outside air temperature lowers. The high-side pressure Pd
also falls with this mcreasecl heat transfer. However, as
shown in I'IG. 4, because the ON-set value VZ fails with the
outside air temperature, the time compressor 10 is stopped
is prevcntcd from becomin short when the outsiclc air
tempcraturc is low. Thus, by using a methocl for dctcrmining
the ON-sct value P2 based on FIG. 4, thc time compressor
10 is skipped is substantially rains(ant, irrespechve of
changes in Ihe outside air temperature.

FIG. 7 illustrates a seconcl preferrecl embodiment of the
present mvenuon, showing another example of a method for
determining the Ofl-set value P1 and the ON-set value PZ in
steps SIZO and S130 of I l(i. 3 At low outside air tempera-
tures (outside air temperature =O'.), the ON-set value V2



is lixerl at a constant value (for example 2 1 g/cm G). When
the outsule air temperature rises above O'., ihe ON-set
value P2 rises proportional with thc outside air tcnipcraturc.
Accordingly, the time compressor 10 is stnppcd is shortened,
even though the high-side pressure Vd takes a lnng time to
fall because the outside air temperature is over 0''orcovcr,in this cmbodimcnt, the OFF-set value Pl
changes corresponding to the outside air temperature. That
is, since as the outside air temperature increases, the heating
load decreases and the required heating capacity decreases
In vtew of this, the OFF-sei value Pl is lowered from 20
I gicm G Io 14 I g/cm G as Ihe outside air iemperaiure rises
(-20'. O'.). As a result, a heating capacity cnmmcn-
suratc with thc heating load can be appropriately sct, and
power is saved by reducing the compressor driving poiver as
the outside air temperature rises is

FIG. 8 illustrates a third preferred embodiment nf thr
present invention, wherein the Ol inset value Vl is made to
fall as the engine water temperature rises l3y this means, as
in Ihe secoml preferrerl embodiment, it is possible io achieve
suitable control of. healing capacity and save power. o

Hecause the ON-set value V2 is fixed at a constant value
(for example 2 kg/cmaG), in this embodiment, the outside
air temperature ileierminaiion vahie of step S140 in FIG. 3
is made O' anil hot gas heating mode operauon is only
carried out at low outside air temperatures (outside air xs
tcmpcraturc sf' ). Accordingly, it is possible to avoid the
problem of the compressor stopping time becoming exces-
sively long and impossibility of restartina, cnmpressor

A fourth prcfcrrcd embodiment is shown in FIG. 9. Here,
a modified version of thc third prrfcrrcd embodiment,
wherein the ON-set-value V2 is also made to change with the
engme vvater temperature. That is, because the high-pressure
piptng parts of the cycle are rlisposed in Ihe engine.
compartment, when the engine water temperature rises, Ihe
rate heat is rclcascd from thr high-prcssure refrigerant while
thc compressor is stopped dccrcascs. As a result, it takes a
longer time for thc high-side pressure Pd to fall. So, in view
of Ibis, in lourth lirst preferred embodiment, increasing Ihe
amount of time compressor IU is atopperl is suppressed by
making the ON-sei value P2 rise wiih naing engine waier
temperature.

FIG. IU illustrates a fifth preferred embodiment. Here, a
passenger compartment temperature (inside air temperature)
is used instead of the engine ivater temperature (HG. 8). As
such, the OI'Inset value Vl falls with temperature rises in the js
passcngcr compartment. As a result, the heating capacity,
after thc passcngcr compartment temperature has risen, is
suppresseil. Therefore, power is saved by reducing Ihe
compressor dnve power.

FIG. 11 illustrates a sixth preferred embndimcnt of the
present invention. Here, the passenger compartment tem-
perature (inside air temperature) is used instead of Ihe.

outside air temperature. Therefore, the Oif-set value VI is
made to fall and the ON-set value V2 is made to rise with rise
in the passenger cnmpartinent temperature.

I'IG 12 illustrates a seventh preferred embodiment of the
present invention Ilare, the outlet temperature of air blown
into thc passenger compartment through thc outlets, dovvn-
strcam of thc heat exchanger 24 for hratin, are used. Thc,
OFF-sct value Pl is made to fall as the nutlct temperature sti
rises.

FIG. 13 illustrates an eighth preferred eml&odimrnt of thr
present invention The eighth embodiment ia similar io Ihe
seventh preferred embodiment. However, in ihia
embodiment, when the outlet temperature uses, ihe Off-set as
value Vl is made to fall and the ON-set value V2 is made to
rise.
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Thus, the Olf-mt vali e Pl and Ihe ON-set value P2 can be

determined based on various different conditions Since the
aliove-mentioned outside air temperature, engine water
temperature, passenger compartment temperature (inside air
tcmpcraturc) anil outlet tempcraturc to the passcngcr com-
partment all correlate rlirectly with the hcatin loail, they arc
referred to m this invenuon as a physical quantity relating to
Ihe heatmg load. Since ihe OFF-set value Pl anil the ON-sei
value V2 are corrected correspondin to this physical
quantity, the heating capacity control can be weil carried out
by onioff-control of the compressor 10.

Scsidcs the aliovc mintioned physical quantitics, it is also
possilile to usc the airflow throu h thc evaporator 18 as thc
physical quantity relating to thc hcatmg loarL For cxampk,
Ihe Oil-aei vahie Pl may be macle to fall as this airflow
decreases (as the heaung load decreases)

11G. 14 illustrates a ninth preferred embodiment of the
present invention In all of the hrst through eighth preferred
embodiments described above the compressor 10 is restarted
based on thc hi h-side prcssure Pil falling to an ON-sct value
P2. In thc prcscnt enibodinient, thc compressor 10 is
restarted based on the determinauon that ihe temperature Te
ol'he evaporator 18 has fallen.

That is, since thc heating capacity in thc hot gas bypass
heaung mode is proporuonal Io Ihe temperature difference
between the temperature Te of the evaporator 18 and the
delivered air (outside air) temperature, the temperature Te of
the evaporator 18 is a physical quantity relating to the
heating capacity. Accordin ly, the compressnr 10 may be
rcstartcd when a fall in tempcraturc Ti: of thc evaporator 18
is determined.

In FIG. 14, step S130a corresponds to step S130 of FIG
3. Herc, s130a dcterniincs an ON-set value TEO of the
tempcraturc Tc of the evaporator 18. This O¹ct value TEO
ia also a set value ai which inilicaies Ihat there is no heaun ~

capacity, and in Ihia example ii is O'.
Step S210a mirresponila to step S210 of FIG. 3. Here,

s21Ua determines whether Ihe actual evaporator temperature
Te, detected by ihe evaporator temperature sensor 33, is
below the ON-set value 'I'L'O. When this determination is
YLS, processing proceeds to step S230 and restarts the
compressor 10. In othir respects, the same operation as in
FIG. 3 is carricil out.

The evaporator temperature Te in this mnth preferred
cmboilimcnt docs not have to bc the outlet air temperature
of thc evaporator 18. Instead, it may alternatively bc
detected, for example, as a lin surface temperature of ihe
evaporalor 18 or as a refrigerani pipe surface temperature of
Illa evilporalilr 18.

In this emboihment, the ON-sei value TEO of the evapo-
rator Iemperature Te is lixeil ai a constant value (for example
O' ) ivhich is approximately the outside air temperature,
Iioivever, this ON-set value TLO may alternatively be
corrected so that it rises and fails in correspondence with
rising anil falling of a physical quantity rcprcscnting thc
heatin load such as thc outsiilc air tempcraturc.

FIG. 15 illustrates a tenth preferrcil embodiment of thc
prcscnt invention. Herc, thc tinic compressor 10 is stopped
is dcterniincd and thc conipressor 10 is restarted when this
skipped lime reaches a sei time.

That is, in thc tenth prefcrrcd cmboilimcnt, in a step
S10Ua of. FIG. 15, a timer time t is iniualized to t=O. When,
in step S2Utla, the compressor 10 is stoppeil, a orner is
started anil countmg of Ihe timer time t is begun. In step
S210b it is determined whether the timer time t has reached
a set time tO (in this example, 30 seconds) Until the timer
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time t reaches the set time IU, procesinng proceeds to step
S220 and continues keeping compressor 10 stopped

When the timer time t reaches the set time tfl, processing
proceeds to step S230n and restarts the compressor 10 'I'he

flag I is updated to 0 and thc timer time t is also updated to
0 In other rcspccts, this preferred embodiment is the same
as in FIG. 3 aml FIG. 14.

Of course, in Ibis embodiment, insle;ul of the set nme io
being lixed al a constant value, the sel time tU may be
corrected tn increase and decrease with rising and falling
physical quantity representing the heating load, such as the
outside air temperature.

An issue addressed by an eleventh preferred embodiment
will noiv be described In the first thrnugh tenth embodi-
ments dcscribcd above, the hot gas bypass hcatin capacity is

is controlled by on ofi'-control of thc compressor 10.
However, in thc hot gas bypass heating niode, thc torque of
compressor 10 reaches a high level of about 21 gm when Ihe
compressor is stopped.

o
This will bc cxplaincd morc spccificafly with reference to

FIG. 16 FIG. 16 illustrates Ihe onioff-control carried out as
in the first preferred emboihment. As such, when the high-
side pressure Prl reaches an Oif-set value Pi (20 kg/cm G),
the compressnr 10 is stnpped When, the high-side pressure
Pd falls to an ON-sct value P2 (2 kgcm G), duc to thc
compressor 10 being stopped, thc compressor 10 is restarted.
FIG. 16 also shows the behavior of the drive torque of thc
compressor 10, Ihe high-side pressure, anti Ihe outlet air
temperature of Ihe evaporator 18. The expenmenlal condi-
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tions for I'IG 16 were outside air temperature= —5',
blower flow 23= ISU m', speed of compressor 10=1SUU

rpm, capacity of compressor 10=170 cc.
As shown in FIG 16, the drive torque of the compressor

10 when stopped exceeds 2 kgm I lere, the maximmn value
of thc dnvc torque 4ust over 2 kgni) is a high lcvcl,
equivalent to compressor torque during midsummer cool-
down (fufl-power operation at Ihe start of. cooling). During
cooldown in the cooling mode, because the compressor 10
continues to operate, the compressor LU cannot be slopperi
and restarted with the drive torque at a high level

When Ihe cooling mode reaches a steariy slate, ihe com-
pressor 10 is switched nn and nif for cooling capacity
control I'or example, ivhen the outlet air temperature of the
evaporator 18 is below 3' the cnmpressor 10 is switched
OFF and when thc outlet air temperature of thc evaporator
18 is above 4'. thc compressor 10 is switched ON. When
the cooling mode is in this steady state comhuon, Ihe dove
torque of Ihe compressor LU falls to about I kgm due to Ihe
cooling loari falling. Therefore, Ihe shocl caused by slop-
ping and starting of the compressor 10 has a relatively small
effect on vehicle drivability.

However, in the hnt gas liypass heating mode, torque
fluctuations, twice those experienced during cooling mode
steady state cnnditions, occurs along with capacity control
Thcrcforc, thc shock caused by stopping and starting of thc
compressor 10 is lar c and has an adverse effcct on vehicle
driveability.

In view of thc above discussion, thc eleventh preferred
cmbodimcnt of thc present invention provides a hot gas st)

bypass healing capacity controlled well by switching refrig-
erant passages. Specilically, Ihe eleclromagneuc valve for
cooling 13 anil the electromagnetic valve for heating 21 are
switched, without stopping and starting the cnmpressor 10

The eleventh preferred embodiment of the present inven- ss
tion is similar to that described fnr I)IG I and i)IG. 2
However, with reference tn HG. 14 and HG 17, the heating

mode control is ihlferenl. In a step S16U, provided after step
S130n, the electromalpietic valve for cooling 13 is closed
and the electromagnetic valve for heating 21 is opened
Thereby, the hot gas bypass heating mode is set

Whereas in step S200 of FIG. 14, the ckctromagnctic
clutch 11 is discnga cd (tumed OFF) to stop thc compressor
10. In Ihe eleventh preferred embodiment, in step SZUUn,
corresponding to step SZUU, the electromagnetic valve for
cooling 13 and the electromagnetic valve for heating 21 are
both opened and the compressor 10 is not stopped. That is,
in the eleventh preferred embodiment, when the high-side
prcssure Pd reaches thc Ofi'-sct value Pl (for example 20
kgicni G), processin proceeds from step S180 to step
S200a and opens both electromagnetic valves 13, 21.

As a result, relngerant delivered by the compressor 10
passes Ihrough the electromagnetic valve for cooling 13 and
flows to the condenser 14 side Iiecause the refrigerant
delivered by compressor 10 is amply cooled by loiv-
temperature outside air in condenser 14, the high-side pres-
sure Ptl falls greatly cvcn thou h thc compressor 10 is still
operating.

As thc clectromagnctic valves 13, 21 remain open anil thc
hi h-side pressure Pd falLs, the low-sitie pressure also lulls.
When the outlet temperature Te of the evaporator 18 con-
sequently falls to the ON-set value TLO (for example 0'',
processing proceeds from step SZIUn to step S230n and
closes the clectromagnctic valve for cooling 13 again.
Consequently, all thc rcfrigcrant delivered by thc compres-
sor 10 passes through thc clcctromagnetic valve 21 and thc
hot gas bypass conduit 20 and flows directly into the
i:vapor)i(or 18.

Consequenfly, because as the high-side pressure Pd rises,
superheated gas refrigerant a ain tlows into the evaporator
18 As a result, the outlet temperature Te of the evaporator
18 rises. Thus, in thc eleventh cmbotlimcnt, thc heating
capacity is controflcd by a heating state whcrcin thc clcc-
tromagnelic valve for cooing 13 is closed aml the electro-
magnehc valve for heaung 21 is opened aml a heaung-
suppressed stale wherein the electromagnetic valves 13, 21
are both open bein alternately repeated

As a result, Ihe compressor 10 remains operanng, not
switched on and off. Therefore, the amphtude of the dove
torque fluctuations of compressor 10 become approximately
I kgm, as shown in I'IG. 18 This is half of that described in
FIG. 16. Thcrcforc, thc advcrsc cflccts on vchiclc drivability
arc rcduccd and thc vehicle drivability is improve(L

The experimental conditions for I'IG. 18 were the same as
for FIG. 16, and the conditions for opemng anti closin thc
clcctromagnetic valve for cooling 13 werc thc same as those
of. the eleventh preferred embodiment descnbed above

In the clcvcnth preferretl cmbotlimcnt, in thc heating-
supprcsscd state wherein thc elcctroma nctic valves 13, 21
are both open, the low-side pressure Ps falLs further than
described for FIG. 16 as the high-side pressure Pd lalLs. This
is because compressor 10 is still operating. Consequently,
even ivhen the outlet temperature Te of the evaporator 18
falls to the ON act value TEO anil thc heating state is
rcsumcd, thc tinic rcquircd for the high-side pressure Pd to
risc to the Ofi'-sct value Pl after such resumption bccomcs
long (as shown in FIG. 18). Therefore, in the eleventh
preferred embodiment the time period for the high-side
pressure Pd to rise and fall is longer than described for 11G
16

In the eleventh prelerred embodiment, although the
amplitude of the fluctuations of the drive torque of the
compressor 10 decreases, the degree by which the evapo-
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rator ouflet temperature Te falls increases, as shown in FIG.
18. I'his fall is due to the fall of the ioiv-side pressure Ps
during the heating-suppressed state The amplitude of the
fluctuations nf the evaporator outlet temperature Te
incrcascs morc than in thc enibodimcnt of FIG. 16.
Howcvcr, bccausc thc delivered air passes through and is
healeci by the warm water type heal exchanger 24, Ihe
amplitude of tluctualion of Ihe temperature of the deliverecf
air is reduced to abnut 5'I I'urthermore, in the heating
mode air is blown through foot outlets toward the feet of io
passengers. Therefore, fluctuation of the outlet temperature
ts not readily dctccted by passen ers. Conscqucntly, this
incrcasc in thc amplitude of fluctuation of the evaporator
outlet temperature Te is nol, in pracnce, a problem.

I'IG 19 is a Moliier chart for the heating-suppressed state,
wherein the electromagnetic valves 13 and 21 are both open
When thc high-side prcssure Pd and thc evaporator outlet
tcmpcraturc Tc of FIG. 18 have fallen the farthest, point a of
FIG 19 shows Ihe stale of reingeranl al the exit of
temperature-controfled expansion valve 16 of. FIG. 1.

Likewise, point b shows the state of. refngeranl at the exu of
the throttle 21a of HG. 1.

Refrigerant at the inlet of thc evaporator 18 is a mixture
of rcfrigcrant at point a from thc cooling side passage and
point b refngerant from the hot gas bypass side. This mixture.
assumes Ihe slate of point c, i.e. a gas,'liquicf Iwo-phase slate.
Accnrdingly, in the evaporator 18, gasN'quid tivo-phase
refrigerant absnrbs heat from the delivered air and evapo-
rates Point d shows the state of refrigerant in the accmnu-
lator 19, point c shows the state of refrigerant at thr I)

discharge siclc of thc compressor 10, and point f shows thr
state of refrigerant at the exit of. the liquicf-receiver 15. In Ihe
hot gas bypass healing mode, because refngerant ihe con-
denser side and the liquid-receiver 15 moves to the evapo-
rator and the accumulatnr side, refrigerant at the exit of the
liquid-receiver assumes a gas)liquid tcvo-phase state, as
shown in FIG. 19.

FIG. 20 illustrates a twelfth preferred embodiment of Ihe
present invennon. This embodiment partly mod)lies Ihe
eleventh preferred embodiment described above In the
eleventh preferred embodiment, when the high-side pressure
Pd rises above thc Ofl-set value Pl, processing procccds
from step S180 to step S200a and opens both of the
electromagnetic valves 13 and 21 to sel a heating-suppressed as
state. However, in the twelilh preferred, embodiment pro-
cessing proceeds from slap S180 to a step S20Ub and opens
the electromagnetic valve 13 for cooling but closes the
electromagnetic valve 21 for heating 21 to set a heating-
supprcsscd state That is, in thc heating-suppressed state, thr so
clcctromagnctic valves 13, 21 arc brought to the same state
as in Ihe cooling mocfe.

Consequently, m the twelfth preferred embodiment,
liecause in the heating-suppressed state the temperature of
the evaporator outlet 'I'e falls much faster than in the
clcvcnth preferred embodiment, thc rise and fall period of
thc high-siclc prcssure Pd is shorter than in thr eleventh
preferrecf embodiment.

[I] In the first through eighth preferred embndiments, the
compressnr 10 was restarted based on the determina-
tion that thc high-side pressure Pd had fallen to an
O¹ct value P2 after thr compressor had stopped.
However, because aller the lowonde pressure Ps has
once nsen due lo Ihe compressor 10 slopping it falls
again toward Ihe saturation pressure PU with respect io as
the outside air temperature like the high-side pressure
Pd. I'herefore, as shown in lqG. 6, the cnmpressor 10
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may alternatively be restarted based on the determina-
tion that the low-side pressure Ps has fallen lo a sel
value (that is, an ON-set value of thc low-side prcssure
Ps).

[2] Because Ihe high-side pressure Pd anti the low-side
pressure Ps respectively correlate directly with lhe
hi h-pressure rcfrigcrant tcmperaturc and the low-
prcssurc rcfrigcrant tcmpcraturc, thc high-prcssure
refrigerant temperature and the low-pressure refri er-
ant temperature may be detected as physical quantities
represennng the high-side pressure Pd and the low-side
pressure Ps.

[3] Although in the circuit construction of the refngerat-
ing cycle of FIG. I a hquid-receiver 15 aml a

temperature-controlled expansion valve 16 are com-
bined in lhe rx)cling mode, a lixed lhronle may be used
in lieu of the liquid-receiver 15 and temperature-
controlled expansion valve 16.

[4] In the refngerating cycle of FIG. 1, Ihe electromag-
netic valves 13 and 21 for cooling and heating can be
replaced ivith a single valve device, in which switching
functions of a plurality of passages arc intcgratcd.

[5] Although a dedicated switch, manually operated by an
occupant, is provided in an air-conditionin control
panel 40 as the hot gas switch 41 in thc embodiment of
FIG. 2, switch 41 to bc clispenscd with ancl replaced by
other switchmg means. For example, when a manual
warm-up switch for idling Ihe vehicle en ine 12 is
provided on the vehicle side, the hot as bypass heating
mode may be invoked based on this manual engme
warn)-up sivitch being thrown

[6] ivherein ivarming up vehicle engine 12 is carried out
automatically based on the determination by an elec-
tronic cn inc control unit (not shown) that vehicle
cn inc 12 warm-up conditions are satistied, thc hot gas
bypass heating niode may bc invoked automatically
basecl on a warm-up signal in the electronic engine
control unit.

[7] In the eleventh aml twelfth preferred embodiments of
Ihe present invention, from the heating-supprerwed state
of lhe electromagnetic valves 13 anil 21, the electro-
magnetic valves 13, 21 ivere restored to the heating
state when it was determined that the evaporator tem-
perature Tc had fallen to an ON-sct value TEO
However, the elcctroma nctic valves 13 ancl 21 alter-
natively niay bc rcstorccl to thc hcatin moclc state
basecl on the determination the cycle refri erant pres-
sure has fallen or Ihe hke, instead of the evaporator
temperature Te.

Alternatively, the tenth embodiment (I l(l 15) can be
applied to the elcvcnth ancl twelfth cmbodimcnts, with thc
elapsed time of the heating-suppressccl state being detcr-
mincd and thc electromagnetic valves 13, 21 being rcstorccl
lo the heaung mode slate when Ihe elapsed ume of lhe
heanng-suppressed slate reaches a set lime.

While the above-described embodiments refer to
examples of usage of the present invention, it is understond
that the prcscnt invention niay bc applied to other usa ih
modifications and variations of the same, ancl is not limited
to the disclosure providccl hcrcin.

W'hal ts claimed is.
1. A refngerann ~ cycle apparatus having a compressor, a

condenser, a hrst pressure-reducing device and an
evaporator, said refrigerating cycle apparatus comprising

a hot gas bypass conduit chrectly connecung the discharge
side of the compressor to the inlet side of the evapo-
rator;
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a second pressure-reducing device prov)elect in lhe hol gas

bypass cnnduit for reducing in pressure gas refrigerant
delivered liy the compressnr, wherein said evaporatnr is
heated and acts as a radiatnr when in a hot gas bypass
heating mode, said radiator being heated by gas rcfrig-
crant from a discharge side of said compressor directly
through said hol gas bypass conduit,

stop cnntrnl means stopping the compressnr ivhen a
physical quantity representing a high-side pressure at
thc compressor discharge side rises above a set value
during sairl hot as bypass heating mode; and

operation restart control means for restarling the com-
pressor while the compressnr is stopped, said operation
restart contrnl means restarting said compressnr ivhen
a physical quantity representing a heating capacity of 16

thc evaporator falLs below a set value which indicates
that thcrc is no heating capacity.

2. A refrigerating cycle apparatus having a compressor, a
condenser, a lirsl pressure-reducing device, an evaporator,
said refrigerating cycle device comprising: o

a hot as bypass conduit for directly connecting a dis-
charge side of thc compressor to thc inlet side of thr
evaporator,

a second pressure-reducing device provided in the hot gas
bypass cnnduit for reducing in pressure gas refrigerant
dclivcrcd by thr compressor;

a valve means for switching a connection between lhe.

discharge side of. said compressor and lhe hol gas
bypass conduit, said valve means sivitching a connec-
tinn lietween the discharge side of the compressor and
the cnnrlenser, wherein said evaporator generates heat
and acts as a radiator from gas refrigerant provided by
thc rhschargc side of thr coniprcssor and directly
through the hot gas bypass conduit when in a hol gas is
bypass healing mode;

first control means cnntrnlling the valve means such that
rcfngcrant fiows to a condenser side during hot gas
bypass heating mode when physical quantity rcprcsrnt-
ing a high-side prcssure at thc compressor discharge
stile nses: above a set value, and

second control means for restoring the valve means to a
heating mode operation state when a physical quantity
rcprcscnting a heating capacity of the evaporator falls
below a sct value, said sct value indicating that there is as

no healing capacity.
3. A rehngerating cycle apparatus according lo claim 2,

wherein the tirst control means controls the valve means
such that the cnnnection between the discharge side of the

60compressnr and the hot gas bypass conduit is open, said first
control means controls the valve means such that the con-
nection bctwccn thc discharge side of thr compressor and
the condenser is open.

4. A reftngerating cycle apparatus accorrling to claim 2,
wherein the first control means controls the valve means
such that the connection between the discharge side of the
compressor and the hot gas bypass cnnduit closes, said first
control means controls thr valve means such that thc con-
nection bctwccn thc discharge side of the compressor and
the conrlenser is open. i t)

5. A refrigeranng cycle apparatus accorrling lo claims 1,
wherein of the set value pertaining lo the physical quantiiy
representing the high-side pressure or the set value pertain-
ing to the physical quantity representing the heating capacity
ts corrcctcrl based on a physical quantity rcprcscnting a 66

heating load.

6. A refngeraling cycle apparatus according lo claim 5,
wherein the physical quantity rcprcscnting a hcatin load is
an outside air temperature or the temperature of a space
heing heated

7. A refngeraling cycle apparatus according to claim 5,
wherein a ivarm ivater type heat exchanger for heating
constitutes a niain heating rlcvice, sairl warm water type heat
exchanger heing disposed on an air downstream side of the
evaporator, thc physical quantity reprcsentin the heating
load is lhe temperature of warm water circulann ~ through
thc vvarm water type heat exchanger or an outlet tcmperaturc
of. rnr blown into a space through an outlet positioned
doivnstream of the heat exchanger.

g. A refngerating cycle apparatus secor&ling to claim 1,
ivherein the physical quantity representing the heating
capacity is a refrigerant pressure in the cycle rluring a

stoppage of the compressor
9. A rcfri crating cycle apparatus according to claim 1,

wherein lhe physical quannly representing the heann ~

capacity is a rcfri erant prcssure of a high side of said
compressor when said compressor is slopped, said compres-
sor being restarted ivhen the refri erant pressure falls to the
vicinily of. a saluraiion pressure corresponding lo an outside
air temperature

LU. A refngerann ~ cycle apparatus according to claim 1,
ivherein the physical quantity representing the heating
capacity is a tempcraturc of the evaporator.

11 A refrigerating cycle apparatus according to claim 1,
vvhcrcin thc physical quantity rcprcsentin thc heating
capacity is a temperature of. Ihe evaporator, lhe compressor
bein rcstartcd when the tempcraturc of thc evaporator falls
k) a temperature lo about an outside air temperature, said
temperature of said evaporator falhng as a result of the
compressor being stopped.

12. A rcfrigcrating cycle apparatus having a compressor,
a condenser, a lira) pressure-reducing devi)a:, an evaporator,
said refri eranng cycle apparaius compnsing

a hot gas bypass conduit directly connecting the rhscharge
side of thc compressor to thc inlet side of thc evapo-
rator;

a second pressure-reducing tlevice provided in the hot gas
bypass conduit fi)r reilucing in pressure gas refngerant
delivered by the compressor, wherem said evaporator is
heated and acts as a radiator ivhen in a hnt gas bypass
hcatin mode, sairl radiator icing heated by gas rcfrig-
crant from a dischar c side of sairl compressor directly
through said hol gas bypass conduit;

stop control means stopping the compressor when a

physical quantity representing a high-side pressure at a
compressor rlischar c side rises above a set value
durin thc hot gas bypass heating mode; and

operanon restart control means which restarts the com-
pressor ivhen a time ivhich the compressor has been
stopped reaches a set value

13 A refrigerating cycle apparatus as claimed in claim 12,
further comprising a refrigerant rlcficiency rlctecting means,
said refri crant deficienc detecting means comparing sairl
physical quantity representing saint high-side pressure with
said set vahie, said refrigerant deliciency detecting means
oulpulting a low refngeranl charge signal when said physi-
cal quantity representing said hi h-side pressure falls below
said set value


