
United States Patent
'I'akano et al.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
US006105375A

[i i] l'atent Number: 611051375

[45] l)ate of Patent: Aug. 22, 2000

[54] REFRIGERATING CYCLE APPARATUS
WITH CONDENSL'R-SIDL'EI(RIGL'RANT
RECOVERY MODE

«,291,9-11 3,'1994 Enomoto et al..
«,(x«(,258 7 t 997 Harris

FOREIGN PATENT DOCUMENTS

62/1')6 4

[75] Inventors: Yushiaki Takano, Kosai; Satushi
Izawa, Kenya, both oi Japan

[73] Assigncc: Dense Corpuratiun, Kariya, Japan

[21] Appi. Noc 09/447,HI

[22] Filed: Nov. 22, 1999

[30] Fureign Applicatiun Priurity Data

Nov. 2«, 1998 [1P]
Ang. 2, 1999 [JPi

[Sl j Int. Cl.'52]

U.S. CL .............
[58] Field of Search .

Japan
Japan

... 10 33438ri

... 11 218862

F25B 45/00
..... 62/149, 62(196.4, 165(62

62/149, 159, 196 4

[S(ij References Cited

U.S. PAI'L'N'I')O('.UML'N'I'S

4,698,981 10/1987 Kaaeko et at ........ 62/18(l
5.06«,584 l1 (1991 Oyez) nski ei al................. 62/196 4 X

[57] ABSTRACT

A refngerating cycle apparatus having a hot gas bypass
heating mode that quickly recovers refngerant in the con-
denser side to the evaporator side to maximize the work
performed by the compressor in the hot gas bypass heating
motte, to thcrcby maximize hot gas bypass heating capacity.
Specifically, in a rcfrigcrating cycle apparatus in which
operation of. a hot gas bypass heanng mode is cerned ont
with the inlet mde of a comlenser closed and the inlet stile of
a hot gas bvpass con(toit opened by valves, refngerant in the
condenser side is recnvered to the evaporator side by oper-
ating the compressor for a predetermmerl time with the inlet
sides of both the condcnsn and thc hot gas bypass conduit
closed by thc valves.

21 Claims, 9 Drawing Sheets
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1

REFRIGERATING CYCLE APPARATUS
WITH CONDENSER-SIDE REFRIGERANT

RECOVERY MODE

CROSS-REFERENCE TO RELATED
APPLICATIONS

6,105,375

refrigeranng cycle is also very small. Consequenllv, when
the compressor is a variable capacity compressor with its
capacity varied via the high-low pressure difference, the
capacity of the compressor remains small and does not
increase, thcrcforc often making it impossililc lo rccovcr thc
conrlcnscr refrigerant.

Thc prcscnt application is rclatcd to, and claims priority
from, Japancsc Patent Application Nos. Hci. IV-334389 anti
11-218862, the contents of which are incorporated herein by

loreference.

BACKGROUND OF THE INVENTION

1. Field of. Lhe Invennon
The present invention relates generally to vehicle air is

conditioning systems, and particularly to a rcfrigcratin
cycle apparatus in which an evaporator is used as a rarhator
in a hot as cycle by directly receiving healed gas refngeranl
from a compressor, and wherein refri eranl (including otl) in
the coiulenser side is recovered for use m the hot gas cycle zo
upon the occurrence of predeterminerl conrlitions

2. Rclatcd Art
In a vchiclc air-conditionin system, when winter hcatin

ts requirerl, warm engine cooling water is circulated through
a heal exchanger for healing, and air is healeil by the warm
water. However, when the lemperauire of the warm water is
low, the temperature of the air blown into the passenger
compartment is low, and it may not he possilile to adequately
heat thc compartment.

Japancsc Patent Application Laid-Open No. Hci. io

5-272817 dcscribcs a rcfrigcrating cycle apparatus having a
healing function executed via a hot as bypass. Atr can be
healed by introducing gas refngeranl from the compressor
directly into the evaporator, bypassing the condenser, and

33releasing heat to the air in the evaporator dunng engine
start-up when the ivater temperature is less than a predeter-
mined value.

Also, the high-side prcssure on thc dclivcry side of the
compressor is dctcctcd, and any cxccss or shortage of
circulaung refrigerant in the hol gas bypass heating mode is
detected. When there is an excess of refngerant, some
refrigerant is discharged to the condenser side When there
is a shortage of refrigerant, some refrigerant is recovered
from thc condenser side. Specifically, thc rccovcry of refrig-
erant from thc condcnscr side is carried out by opcratin the
compressor with thc inlet side of thc condcnscr open and the
inlet stile of the hot gas bypass conduit closed (normal
cooling mode).

However, in the hot gas bypass he sung moile, because the
high-side pressure on the compressor rlelivery side fluctuates
due to various factors such as the cycle heating load, the
compressor speed and thc throttle diamctcr of an expansion
valve in thc hot gas bypass conduit, accurately idcntifyin an
excess or a shortage of refngerant based on high-side
pressure alone Ls difflcult.

In addition to this, at lhe start of hot gas bypass rt tal es
a long time for the high-side pressure to stabilize 'I'his time
typically takes at least 5 minutes During this period, there
is a shortage of heating capacity duc to a rcfrigcrant „o
shortage, as well as an insuflicient amount of oil bein
returned to thc compressor, and conscqucnt inadequate
lubncauon of the compressor.

Also, when recovery of refngerant lrom the condenser is
earned oul dunng winter heating, because the outside air es
temperature is loiv and consequently the cooling heat load is
extremely small, the high-low pressure difference of the

SUMMARY Ol'IIL'NVL'N'11ON

It is therefore an object of the present invention to quickly
recover refrigerant from the condenser side to the evaporator
side at thc start of thc hot gas bypass heating mode. Thc
prcscnt invention rccovcrs this condcnscr-side rcfri crant by
Rircibly recovenng refngeranl resung in the condenser sale
into ihe hol gas cycle al lhe start of. hol gas bypass operation.

More specifically, the present invention provirles a refrig-
erating cycle apparatus havmg a valve for sivitching a
connection between the delivery side of a compressor and
the inlet side of a condcnscr and a connection bctwccn thc
ilehvery side ol the compressor and lhe inlel side of: a hol gas
bypass coiuluit. Operation of: a normal cooling mode is
carried out with the inlet side of the condenser heing opened
anil the inlet side of the hot gas bypass conduit heing closed
hy the valve. Operation of a hot gas bypass heating mode is
carried out with thc inlet side of thc condcnscr being closed
and thc inlet side of thc hot gas bypass conduit being opcncd
by the valve.

Also, a controller is provided for recovering refrigerant
resting in the condenser side to the evaporator side when the
hot gas bypass heating mode is started by operating thc
compressor with at least the inlet side of thc hot gas bypass
coiuluil closed by the valve.

In this case, because refrigerant recovery control is carried
out at the start of the hot gas bypass operation, andi in
conjunction thereivith, refrigerant recovery control can he
carried out simply and surely at thc start of hot gas bypass
operation compared to conventional systems.

Furthermore, because it is nol necessary lo wail unhl the
cycle high-side pressure stabilizes after resting refrigerant
recovery control starts, as m conventional systems, a pni-
longcd state of insufflcicnt heating capacity caused by a
shortage of rcfrigcrant can bc prcvcntcrl. Conscqucntly it is
possible for lhe, heaung capacity to be raised swiftly after
cycle start-up, aiul the return of od to the compressor can
akso be performed in a short time after cycle start-up.
Therefore, the life of the compressor can he increased.

Thc reference numerals assigncrl in parcnthcscs to thc
means discussed above indicate corrcsponrlcncc with spe-
cific means sei forth in the following descwpnon ol currently
preferred embodiments of. Lhe invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a rcfrigcrating cycle of a
first preferred embodiment of thc prcscnt invention;

FIG. 2 is a flow ihagram showing resting refngerant
recovery control of the first embodiment;

FIG. 3 is a sectional view of a varialilc capacity com-
pressor used in thc first embodiment;

FIG. 4 is a schemahc view of a refrigerahn ~ cycle of. a
second preferred embodiment of the present invention;

FIG. 5 is a flow diagram showing rcfrigcranl rccovcry
control pertaining to thc second cmbodimcnl;

FIG. 6 is a flow ihagram showing refugeranl recovery
control pertaining to a third preferred emhorliment of the
present invention;



FIG. 7 is a tlow diagram showin ~ refrigerant recovery
control pertainmg to a fourth preferred embodiment of the
present invention;

FIG. 8 is a flow rliagram showing rcfrigcrant recovery
control pertaimng to a lifih preferred emboihment oi the
present invenuon,

I'IG 9 is a flow diagram shnwing refrigerant recovery
control pcrtaming to a sixth prcfcrrcd cmbodimcnt of the
present invention;

FIG. 10 is a diagram of a map used in refngerant shortage
determinauon in the sixth prelerred embodiment;

I'IG ll is a schematic view nf a refrigerating cycle of a
seventh preferred embodiment of the present invention; and

I'IG 12 is a tlow diagram showing refrigerant recovery
control pertaining to thc scvcnth cmbodimcnt.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Prefcrrcd embodiments of thc invention will now be
described with relerence to the accompanying drawings.
(First Preferred Embodiment)

I'IG I shows a first preferred embnrliment, ivherein the
invention is applied to a refrigerating cycle apparatus m a
vehicle air-conditioning system A water-cooled vehicle
cn ine 12 by way of an clcctromagnctic clutch 11 rlnvcs a
compressor 10 Thc rlclivcry sirlc of thc compressor 10 is
connected by way of a lirst electromagneuc valve 13 to a

comlenser 14, and the outlet side of this condenser 14 is
connected to a receiver 15 fnr separating gas and liquid
components of refrigerant and collecting liquid refngerant
Outside ambient air used for cooling is blown through the
condcnscr 14 by an clcctric cooling fan 14a.

Thc outlet sirlc of thc rcccivcr 15 is conncctcd to a
temperature-controlled expansion valve 16. The outlet side
of the expansion valve 16 is connected by way of a check
valve 17 to an evaporator 18. The outlet side of the evapo-
rator 18 is connected by way nf an accumulator 19 to the
intake side of the compressor 10. During normal refrigerat-
in cycle operation (i.c in a cooling mode) thc tcmpcraturc-
controllcd expansion valve 16 has its apcrturc adjusted in a
known fashion so that the degree of superheaun ~ of refmg-
erant at the outlet ol. the evaporator 18 is kept at a prede-
termined value. The accumulator 19 separates gas aml liquid
refrigerant components and collects liquid refrigerant and
feeds gas refiugerant and a small amnunt of liquid refrigerant
from near the bottom thcrcof (in which oil is dissolvcrl) to
the compressor 10.

A hot gas bypass conduit 2U bypassing the condenser 14
ts proviiled between the delivery s«le of the compressor 1U

and the inlet side of the evaporator 18, and a secoml
electromagnetic valve 21 and a pressure-reducing throttle
Zla are provided in series with the hnt gas bypass conduit
20. Thc throttle 21u may consist of a fixe throttle such as
an orifice or a capillary tube and so on.

The evaporator 18 is disposed inside an air-condiuoner
case ZZ of the vehicle air-condinoning system. When the
system is in the coohng mode (includmg ixioling for
dehumidification), the evaporatnr 18 cnols air from inside
the passenger compartment of the vehicle or outside air
blown through it by an clcctnc air-conditioning blower 23.
When thc system is in a winter heating mode, thc evaporator
18 tal es in high-temperature relngerant gas (hot gas) from
the hot gas bypass conduit 20 and heats the air blown
through it, thus performing the role of. a rmhator.

Inside the air-conditioner case 22, a warm water type heat
exchanger 24 for heating air blown through it with warm

water lrom the vehicle engine 12 as a heat source is disposed
on the downstream side of the evaporator 18. Air is blown
into the passenger compartment through outlets (not shown)
prnvided on the doivnstream side of the heat exchanger 24
A wami water valve 25 for controlling thc flow of warm
water through thc heat cxchangcr 24 is provided in a warm
water circuit in the heat exchanger 24.

Also, on the, delivery siile of the compressor 1U, a pressure
relief valve 26, which opens when the pressure of rlelivered

iii refrigerant gas rises abnormally to above a predetermined
value (for example 25 kgicm2(l), is disposed in parallel with
the first clcctronmgni,tic valve 13. As this prcssure rclicf
valve 26, a known valve contiguration combining a spring
and a valve buised by the spnng is preferably used.

is An air-condiuonm ~ electronic control device (ECU) 27
made up nf a microcomputer and peripheral circuits thereof
prncesses input signals in accordance with a preset program
to contrnl opening and closing of the first and second
clcctroma netic valves 13, 21 and thc operation of thc other

zn clcctric devices (11, 14a, 23, 25 and so on). Signals from a
set of sensors 28 incluihng a vehicle engine water tempera-
ture sensor, an outside air temperature sensor, and an evapo-
rator exit air temperature sensor, and from a set of control
switches 29 on an air-conditioning control panel, are input
into the ECU 27 'these control switches 29 include a
coolin switch for setting a cooling mode and a heating
switch for setting a hot gas bypass heating mode.

Next, the operanon of the lirst preferred embodiment will
be described. In the cooling mode, the ECU 27 opens the

iii first electromagnetic valve 13 anil closes the second elec-
tromagnetic valve 21. I'onsequently, when the electromag-
netic clutch 11 is en a ed and the compressor 10 is driven
by the vehicle cnginc 12, dclivcrcd gas refrigerant flows
through thc open first clcctromagnctic valve 13 into thc

zs comlenser 14. In the condenser 14, the refngerant is cooled
and condensed by outside air supphed by the cooling fan
14n Condensed hquid refrigerant is separated lrom gas
refrigerant in the receiver 15, and this liquid refrigerant
alone is reduced in pressure by the temperature-controlled

an expansion valve 16 and assumes a low-tcmpcraturc, low-
prcssurc gas'liquid two-phase state.

The low-pressure refrigerant then tlows through the checl
valve 17 into the evaporator 18, aml evaporates after absorb-
ing heat lrom the air supphed by the air-condiuonm ~ blower
23. Air cooled by the evaporator 18 is blown into anil cools
the passenger compartment Gas refrigerant evaporated in
the evaporator 18 is taken in by thc compressor 10 via thc
accumulator 19 and is again comprcsscd.

In the winter heating mode, the ECU 27 closes the lirst
n ekctromagnetic valve 13 and opens the second electromag-

netic valve 21 and thus opens the hot gas bypass conduit 20.
Cnnsequently, high-temperature delivered gas refrigerant
frnm the compressor 10 passes through the secnnrl electni-
magnetic valve 21 and is rcduccrl in prcssure by thc throttle

s 21u bcfnrc flowing into thc evaporator 18. At this time, thc
check valve 17 prevenrs gas relngerant from the hot gas
bypass conduit 20 from fiowin ~ toward the temperature-
controlled expaninon valve 16

In the evaporator 18, the superheated gas refrigerant
aii reriuced in pressure by the throttle 21a releases heat into the

air rlclivcrcd by thc air-conditioning blower 23 and heats thc
air. At this time, if the warm water tcmpcrature of thc vchiclc
engine 12 is high enough, the air can be iurther heated by the
heat exchanger 24 by warm water being passed through the

as warm water type heat exchan er for heating 24 by way of
the warm water valve 25, and a warmer draft can be blown
into the passenger compartment Gas refrigerant havifig



given up heat in the evaporator 18 is tal en m to the
compressor 10 via the accumulator 19 and is again com-
pressed

Since the amount of heat released by the gas refrigerant m
the evaporator 18 in thc winter heating mode corrcsponrls
with thc amount of compression work done by thc com-
pressor 10, it is necessary to increase Ihe amount of com-
pression work done by the compressor 10 Io increase the
amount of heat released in the evaporator 18 1'o this end it

is necessary to recover refrigerant resting in the condenser
14 side and thereby prevent a shortage of circulating refng-
crant during hot gas bypass operation.

Refrigerant rccovcry control for hot gas bypass operation
pertaining to this pre&erred embodiment will now be
described with reference to FIG. 2. The control rouune of
lrl(h 2 starts for example when an ignition switch (not
shoivn) of the vehicle engine 12 has been turned on and a
switch among the air-conditioning, side contml switches 29
(for cxamplc a switch operating thc air-conditioning blower
23) is turned on At step S100 control initialization such as
fiag IG=O aml timer I=O is carried out. Then, at step S110,
signals from Ihe sensors 28 aml l rom the control switches 29
on the air-conditionmg control panel are read

It is then determined at step S120 whether the heatmg (hot
gas operation) sivitch is ON When the switch is ON, it is
dctcrmincd at step S130 if Ihc cooling switch (air-
conditioning switch) is OFF. When Ihc cooling switch is
OFF, it is determined at step S140 whether the outsrrle air
temperature is below a predetermined value (for example
l(P ('). When the outside air temperature is below this
predetermined value, it is determined at step S150 whether
the engine water temperature is below a predetermined value
(for example 80'.).

When thc engine &vatcr temperature is below this prede-
termined value, at step S160 it is determined iT fia ~ IG=O If
this determination is being made lor Ihe lirst ume subse-
quent to the ignnion switch of the vehicle engine IZ bmn ~

turned on, then flag l(1=0 and at step S170 resting refngerant
recovery control is carried out.

That is, thc clcctromagnctic clutch 11 is turned on and the
compressor 10 thcrcby started, thc condcnscr cooling fan
14a aml Ihe air-condiuoning blower 23 are I ept olT, and the
lirst and second electromagneuc valves 13 and 21 are both
closed. Processing then proceeds Io step S18U and it is
determined whether the timer I indicates a timing less than
a predetermined value (for example, 30 seconds) When it is
less than the prcrlctcrmincrl value, processing procccds to
step S190 aml updates thc timer I to I+I (scc).

Thus, unul Ihe umer I exceeds the predetermined time (for
example 30 seconds) in Ihe determinauon of step S18U, the
resung refrigerant recovery control of step S170 is contin-
ued. In this recovery contrnl mode, since as a result of the
first and second electromagnetic valves 13 and 21 being
closed thc circuit on thc delivery side of thc compressor 10
is blocked, rcfrigcrant resting in thc condcnscr 14 sirlc is
sucked out by a pressure drop caused bv Ihe suclong schon
of the compressor 10 and recovered Io the evaporator 18
side. By obtaining Ihe time in advance requ&red for this
refrigerant recovery and setting this time as the predeter-
mined time of step S180, it is possible to continue the above
recovery control mode and Io complctc Ihc rccovcry of
refrigerant to thc evaporator 18 side.

Dunng Ihe refrigerant recovery control of step S170,
when the high-stile pressure increases abnormally to above
the set value of. the rehef valve 26, Ihe relief valve 26 opens
and prevents the high-side pressure from further increasing
At this time, because as a result of the opening of the

pressure relief valve Z6 refri eront tlows from the delivery
side of the compressor 10 through the pressure relief valve
26 into the condenser 14 side, a normal refrigerating cycle
operation (the cooling mode state) is assumed while the
refrigerant recovery is pcrformcd.

Then, when thc continuation time of thc rccovcry control
moile reaches Ihe above-menuoned predetermined ume (for
example 30 secomls), processing proceeds from step S180 to
step S200 and sets the tlag IG to I before proceeding to step

i i& S210 where the hot gas bypass heating mode is started. '11&at

is, the first electromagnetic valve 13 is close&1, the second
clcctroma netic valve 21 is opened, thc clcctroma nctic
clutch 11 (and hcncc the compressor 10) is kept ON, and thc
air-conditioning blower 23 is started to execute Ihe hot gas

is bypass heating mode. The cooling fan 14a may be left off.
On the other hand, ivhen at step 8130 the cooling switch

is ON, processing proceeds to step S220 and it is determined
whether a cooling operation condition is established at step
S230. Herc, a cooling operation condition being cstablishcd

zo means none of thc following cooling stop conditions is
applicable: the low-stile pressure of the refrigeraung cycle
being below a predetermined value (for example 2.0
kg&cmg(l); the outside air temperature heing below a pre-
determined value (for example O'.); an&i the evaporator
temperature heing beloiv a predetermined value (for
cxamplc 3'.).

In other words, at step S230, thc clcctromagnctic clutch
11 is turned on, the compressor Hl is started, and the cooling
lan 14a and Ihe air-condiuoning blower 23 are operated.

iii Also, the first electroma netic valve 13 is opened anil the
second electromagnetic valve 21 is clnsed. By this means,
the abnve-mentioned cooing mode is set and cooling of the
passenger compartment is carried out.

When at step S220 onc of thc above-mcntioncd cooling
zs sti&p conditions applies, the determinauon of step S220 is

NO, and processing moves Io S140
When at step S1ZU the heaung (hot gas operation) switch

is Oll:, processing proceeds to step 5240. When it is
determined that the cooling switch is ON anil furthermore a

ao coolin operation conrlition is cstablishcd, processing pro-
ceccis to step S230 anti scos thc cooling ma&le.

When on the other hand it is determined at step S240
either that the cooling switch is OFF or that the cooling
operation comhuon is not established, processing proceeds
to step S250 and closes both of the hrst an&i second elec-
tromagnetic valves 13, 21 anti turns off the electron&ague&in
clutch 11 and thcrcby stops the compressor 10 and stops thc
refrigerating cycle. When thc rlctcrminations at steps S140
and S15U are NO, since the hot gas bypass heating moile is

o not necessary, processing moves to step S25U and stops the
refrigerating cycle.

In the present invention, restmg refrigerant on the con-
denser 14 side can be recovered whether the compressor 10
is a fixe capacity type or a variable capacity type. In

s particular, if thc compressor 10 is a type whose capacity is
changed using the cycle high-low pressure ililTerence, when
the compressor 1U is operated dunng normal refngerating
cycle operalion (cooing mode operation), at times ol low
outside air temperature such as during, winter heating,

aii because the cycle high-low pressure diff'erence liecomes
consistently small duc to dccreascd coolin load, thc capac-
ity of thc compressor 10 cannot bc made large. Howcvcr,
with the present invenuon, because during refn erant recov-
ery control the circuit on the dehvery side of Ihe compressor

os 1U is blockerl by closure of the lira& aml second electromag-
netic valves 13, 21 as descnbed above, the delivery pressure
of the compressor 10 can he rapirlly increased



Consequently, even when the vamable capacity compressor
10 is operated at a time of low nutsirle air temperature such
as durin ivinter heating, because the cycle high-low pres-
sure difference rises steeply and the capacity of the com-
pressor 10 can bc made large, rcfrigcrant rccovcry can bc
quickly carried out.

FIG. 3 shows an example of a spec&lie structure of a

varuible capacity compressor 10, this is known technology
and therefore will he descnberl here only briefly The
compressor 10 is a wobble type compressor. When power
from the vehicle engine 12 is transmitted by way of the
clcctrom&gnetic clutch ll to a rotatin shaft 30 of the
compressor 10, thc rotating shaft 30 rota&ca. A roiatin
swash plate 31 is integrally connected to the rotating shaft
30, aml rotation of the swash plate causes prstons 32 to
reciprocate in the axial direction

Also, the angle of inclination of the swash plate 31 can be
changed to change the stroke nf the pistons 32 and thereby
vary thc dclivcry capacity of thc compressor 10. To this cnd,
the swash plate 31 is hnkcd in an oscillating manner to the
rotating shaft 30 aml specilically m supported by a sphencal
supporung member 33. The angle of inclination of the swash
plate 31 changes with the balance of the pressures actmg on
the front and rear ends of the pistons 32 These pressures
include the pressure mside a crank chamber 34 acting on the
rear faces of thc pistons 32, namely a control prcssure Pc,
and thc prcssure inside cyhndcrs 35 in which thc pistons 32
reciprocate (a dxscharge pressure Pd and an mtake pressure
Ps). Thus, by adiusting the control pressure Pc inside the
crank chamber 34 it is possible to vary the angle of inch-
nation of the swash plate 31 l3y lowering the control
pressure Vc, the angle of inclination nf the swash plate 31
and thus thc capacity of thc compressor 10 arc incrcascd

Gas refrigerant comprcsscd in thc cylinders 35 of the
compressor 10 is discharged into a discharge chamber 36
and is delivered via a discharge port (not shown) to the
upstream sides of the lira& and seconil electromagnetic
valves 13, 21. Refrigerant is taken into the cylinders 35 of
the compressor 10 through an intake chamber 37 'I'his

intake chamber 37 connects v ith thc outlet side of the
accumulator 19 of FIG 1 via an intake opening 37a. Thc
pressure (control pressure) Pc of the crank chamber 34 is
changed by an electromagneuc pressure control device 38
using the refrigerant discharge pressure Pd of the discharge
chamber 36 anil the refingerant intake pressure Vs of the
intake chamber 37.

This clectromagnctic prcssure control dcvicc 38 has a
dischar c prcssure chamber 39 connecting with thc dis-
charge chamber 36, an intake pressure chamber 40 connect-
ing with the intake chamber 37, and a control pressure
chamber 41 connecting with the crank chamber 34. The
discharge pressure chamber 39 is connected to the control
pressure chamber 41 hy way of a variable thmttle 43 having
its aperture adjustcrl by a valve member 42. Thc intake
pressure chamber 40 is connected to thc control pressure
chamber 41 by way of a lixed ihroule 44. Here, the more the
valve member 42 displaces in the direcuon in which it closes
the variable throule 43, the more the pressure of the control
pressure chamber 41, i e the control pressure Vc, falls and
the angle of inclination of the swash plate 31 increases

A bcllov s mcmbcr 45 made of a ilcxiblc material is
disposed inside thc intake prcssure chamber 40. A prcdcter-
mined internal pressure Pb is set inside ibis bellows member
45, aml the bellows member 45 lengthens and shortens in
response to changes of the refngerant mtake pressure Ps
with respect to this internal pressure Vb 'I'his lengthening
and shorten ing of the bellows member 45 displaces the valve

member 42 by way of a rod 46. An electromagneuc iorce of
an electromagnetic mechanism also acts on the bellows
member 45 and thc valve mcmbcr 42

In this example, thi, ckctromagnctic mechanism is made
up nf an electromagnetic coil 47, a fixed magnetic pole
member 48, a moving magnetic pole member (plunger) 49
attracteii in the direction of the lixed magneuc pole member
48 (the direcnon in which the bellows member 45 lengthens)
by the ckctromagnctic force of thc clcctromagnctic coil 47,

lc
and a coil sprin 50 v ith its spring force acting on thc
moving magnetic pole member 49. A roil 51 is connected to
the middle of the moving magnetic pole member 49 I'he nid
51, the valve member 4Z aml the rod 46 are integrally
connected.

A control current from thc ECU 27 is applied to thc
'-'lcctroma netic coil 47 of thc clcctromagnctic mechanism,

anti the electromagnetic force apphed to the moving mag-
netic pole member 49 varies with the control current and
causes the set pressure of the intake pressure to vary. That is,
the set pressure of the intake pressure nses as the control

zo current is increased.
When duc to an incrcasc in thc cooling load thc intake

pressure Vs rises, the control pressure Vc inside the control
pressure chamber 41 is lowered. l3ecause this fall in the
control pressure Pc causes the pressure oi the crank chamber
34 to fall aml the back pressure on the pistons 32 io fall, the
swash plate 31 tilts, and thc angk of inclination 0 of thc
swash plate 31 incrcascs. As a result, thc stroke of thc piston
32 and the capacity of the compressor 10 increase. As a
result, the flow of refrigerant circulating arounrl the cycle is
raised, the refrigeraung capacity is increased, and conse-

ic
quentlv the intal e pressure Ps gradually tails.

Conversely, when thc rcfrigcrant intake prcssure Ps falls,
the control pressure Pc of the control prcssure chamber 41
is raised. 13ecause this rise of the control pressure Vc causes
the pressure of the crank chamber 34 to rise, the swash plate
31 straightens anti the angle of inchnation 0 of the swash
plate 31 decreases. Consequently, the stroke of the pistons
32 and thc capacity of thc compressor 10 decrease. As a
result, thc flow of rcfrigcrant circulating around thc cycle is
reriuced and the cooling capamty decreases ('nnsequently,

ao the refri erant intake prcssure Ps gradually rises.
In view of thc above features of thc prcscnt invention, it

is possible to control the temperature (the exit air
temperature) of the evaporator 18 by controlling the refng-
erant intake pressure Ps by capacity control of the compres-
sor 10 Also, it is possible to adlust the evaporatnr exit air
temperature hy adjusting the set pressure of the refrigerant
intake prcssure Ps by adjusting thc control current of thc
clcctroma netic coil 47.

(Second Preferred Embodiment)
o FIG. 4 shows a second preierred embodiment ihlfering

iri&m the lirst preferred embodiment in thai the pressure
relief valve 26 nf the first preferred embodiment is dispensed
with, and a pressure sensor 28n for detecting the pressure of
refrigerant gas is disposed on thc rlclivcry side of thc

s compressor 10. In this second prcfi:rrcd cmbodimcnt, a
ilehvery side pressure PDO immediately before start-up of
the compressor 10 is detected and stored by ihe ECU 27.

FIG. 5 is a flow diagram showing the operauon of this
second preferred embodiment, and corresponds tn the refrig-

eo erant recovery mode step S170 part of I'IG 2 in the first
prcfi:rrcd cmbodimcnt. In FIG. 5, it is dctcrmincd at step
S1710 vvhethcr thc dclivcry sirlc prcssure PDO before start-
up of the compressor 10 detected by the pressure sensor Zgu
is below a set value (ior example 1.5 kg/cmZG). If. this

ss ileterminauon is YES, processing proceeds io step S1720
anti closes both the hrst and second electromagnetic valves
13, 21.



Then, at slap S173(l, lhe electromagnetic clutch 11 is
turned on and the compressor 10 is started At this time, the
condenser coolmg fan 14n and the air-conditiomng blower
23 are still stopped fly the inlet sides nf both the condenser
14 and thc hot gas bypass concluit 20 being closed and the
compressor 10 being opcratccl at steps S1720 and S1730, a
lirst refngeranl recovery mode for recovenng refngerant in
the condenser 14 side to the evaporator 18 side rs set

When on the other hand the clelivery side pressure VDO

before start-up of the compressor 10 is higher than the set
value, the determination at step S1710 is NO, and processing
proceeds to step S1740 and opens thc first clcctroma nctic
valve for cooling 13 and closes only lhc second clcctroma-
nenc valve for healing 21. Then, at slap S173(l, the electro-
magnetic clutch 11 is turned on and lhe compressxir 10 is
started

lfy the inlet side of the conclenser 14 heing opened and the
inlet side of the hot gas bypass conduit 20 heing closed and
the compressor 10 being opcrakd at steps S1740 ancl S1730,
a second rcfrigcrant rccovcry mode for rccovcring rcstin
refngeranl in the comlenser 14 side to the evaporator 18 side
is sel.

With this seconcl preferred embndiment, because when
the delivery side pressure VDO f&efore start-up of the com-
pressor 10 is higher than a predetermined value, a second
refrigerant recovery moclc, wherein the first clcctroma nctic
valve for cooling 13 is opcncd and only thc second ckctro-
magnelic valve for healing 21 is closed, is set at step S1740.
This is unlike the lirst refngerant recovery mode, wherein
both of the electromagnetic valves 13, 21 are closed
fherefore, in the second recovery mode, the rate of increase
in the compressor del&very side pressure during refngerant
recovery is lower. Because of this, thc compressor dclivcry
side pressure can bc prcvcntcd from rising abnormally
during refrigerant recovery, aml the pressure relief: valve 26
&s not needed.

When the delivery stile pressure PDO before start-up of
the compressor 10 is below the set value, the first refngerant
recovery mode, where&n both nf the electromagnetic valves
13, 21 arc closed, is act at step S1720, and lhc cycle high-low
pressure diffcrcncc can bc made to incrcasc quickly while
refngeranl recovery is earned our

(Third Pret:erred Embodiment)
FIG. 6 shows a third preferrecl embodiment of the present

invention. In the second preferred emlx&diment, it is deter-
mined at step S1710 whether the clelivery side pressure VDO

before start-up of thc compressor 10 is below a sct value.
However, if a certain amount of time has clapscd after the
compressor slops, the delivery side pressure PDO bek&re
start-up of the compressor of: lhe refngerating cycle is at a

saturation pressure determined by the compressor ambient
temperature, i.e. the outs&de air temperature

In view of this, in the th&rcl preferred embodiment, instead
of determining whcthcr thc delivery side prcssure PDO
before start-up of thc compressor 10 is hi h or low, it is
determined whether the outside air temperature detected by
an outs&&le air temperature sensor among lhe sensors 28 is
high or low. That is, when at step S1710 ol FIG. 6 the outside
air temperature is below a set value (for example —5'', at

step S1720, the first refrigerant recovery mode, wherein the
first and second clcctromagnctic valves 13, 21 arc both
closccf, is sct.

When on lhe other hen&I the outside air temperature is
above a set value (for example —5'.), al step S174U the
second refrigerant recovery mode, wherein lhe lirst ekctro-
magnetic valve for cooling 13 is opened and only the second
electromagnetic valve for heating 21 is closed, is set. As a
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result, lhe same efiects as those of the second preferred
embodiment can be obtained w&th the third preferred
embodiment.

(I'ourth Preferred Lmbodiment)
FIG. 7 shows a fourth prcfcrrcd cmbodimcnt. Whcrcas in

the fore oing second aml third prcfcrrcd cmbodimcnls
switching of lhe lirst and secoml refngeranl recovery modes
is cerned out based on lhe dehvery side pressure PDO before
start-up of the compressor 10 or the outside air temperature,

ii& which is a physical quantity related to the delivery side
pressure Vl)O, in this fourth preferred embodiment switching
of thc first and second rcfrigcrant rccovcry modes is carried
out based on thc dclivcry side prcssure PD during compres-
sor opemlic&tl.

&S That is, in lhe fourth preferred embodiment, as shown in
I'IG 7, at step S1750 it is determ&ned whether a flag .I=O

This flag I is initialixed to O at step SIUO of llG 2, and
therefore in the first determination after the start of the
control routine thc dctcrmination is YES. Processing then

zo proceeds to step S1711 and dctcrmincs whcthcr thc dclivcry
side pressure PD during operahon of lhe compressor IU is
below a somewhat high lirst set value (for example 10
kg&cmg(')

If this determination is YLS, processing proceeds to step
S1721 and closes both the first electromagnetic valve for
coolin 13 and thc sccoml clcctromagnctic valve for heating
21. At step S1730, the clcctromagnctic clutch 11 is turned on
and thereby starts the compressor 1U, and thereafter connn-
ues the operation of lhe compressor 1U. Thus, the Iirst

ii& refrigerant recovery mode is set and refrigerant is recovered
frnm the condenser 14 side to the evapnrator 18 side via
steps S1721 and S1730

When on thc other hand the clclivcry side prcssure PD
cluring operation of the compressor 10 is above thc first sct

ss value, lhe determination at step S1711 is NO, and processing
proceeds to slap S1740 and opens lhe lirsl electromagnetic
valve 13 and closes only lhe secoml electroma metic valve
21. The second refrigerant recovery mncle is thus, set and
refrigerant is recovered from the condenser 14 side to the

co evaporator 18 side.
Then at step S1760 thc flag J is updatccl lo 1. As a result,

in subsequent processing the determinanon of: step S175U is
NO, and al step S1712 it is determined whether the delivery
side pressure PD during operahon of lhe compressor IU is
below a somewhat low second set value (for example I 5

kg&cmg(l) When the delivery side pressure VD during
operation of thc compressor 10 is higher than thc second sct
value, processing proceeds to step S1740 and continues thc
secoml relngerant recovery mode

o When on lhe other hand the dehvery side pressure PD
&luring operation of. the compressor 1U falls below the
second set value ivhile the second refngerant recovery mode
is heing executed, processing proceeds from step S1712 to
step S1722 and closes both the first and second clcctromag-

s nctic valves 13, 21 and thcrcby sets thc first rcfrigcrant
recovery mode aml recovers refngeranl from the condenser
14 sicle lo the evaporator 18 side. At slap S1770 the flag J is
updated lo O. Consequently, dunng subsequent processing, it
is once again determined at step S1711 whether the delivery

ai& side pressure VD is large or small
In thc fourth prcferrcd cmboclimcnt, f&ccausc when thc

clchvcry side prcssure PD during operation of thc compres-
sor 1U &s higher than a somewhat high lirst set value (for
example IO kg/cm2G) the system mode is switched from the

as lirsl refngeranl recovery mode to the second refngerant
recovery mode, an abnormal rise in compressor delivery side
pressure can be prevented during refrigerant recovery
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Furthermore, because an ample difierence (hysteresrs) is
provided between the first set value and the second set value
at &vhich switching between the first and second refngerant
recovery modes is cerned out, hunting during refngerant
recovery is prcvcntcd.

(Fifth Prcfcrred Embodiment)
FIG. 8 shows a lifth prelerred embodiment of the

invention, wherein a refngerant recovery mode is executed
also ivh en the hnt gas bypass heating mnrle has cnnt inued for
a long time (for example over I hour). 'I'hat is, when the hot
gas bypass heating mode continues for a long time, a
phcnomcnon of rcfrigcrant collecting in thc conrlcnscr 14
side duc to refrigerant lcakagc in thc first clcctroma nctic
valve 13 and the check valve 17 occurs. Consequently, a

shortage of rehugerant in the hot gas cycle may anse dunn ~ is
heating mode operation

To avoid this, in this fifth preferred embodiment, as shown
in I'IG 8, following step S210 (I'IG 2) in which the heating
mode is cxccutcd, at step S2110 thc heating morlc operation
time K is counted, and at step S2120 it is rlctcrmincrl zo

whether this operanng nme K has reached a set nme (for
example 3600 secs=1 hour). When the operating time K
reaches the set time, processing proceeds to step S2130 and
updates the tlag IG to 0 anti the operating time K to 0

When the tlag IG is updated to 0, processing proceeds
from step S160 to step S170 and cxccums thc rcfngcrant
recovery mode. Thus, with thc fifth prcfcrrcd cmbodimcnt,
the refngerant recovery mode is execu&ed automaucally aml
a refrigerant shortage in the hot as cycle is prevented not
only at the start of the heating mode but aim& after the heat&ng
mode has cnntinued for a long time

(Sixth Preferred Embodiment)
FIG. 9 and FIG 10 show a sixth prcfcrrcd cmborlimcnt of

the invention. Whcrcas in thc fifth preferred cmbodimcnt the
refngerant recovery mode is automaucally executed based zs
on the heating mode operaung ume K, in the sixth preferred
embodiment the refngerant recovery moile is auu&maucally
executed on direct detection of a refrigerant shortage in the
hot gas cycle

That is, as shown in FIG. 9, after step S210, at step S2121 ao

it is dctcrmincd whcthcr thc rlclivcry side prcssure is in a
refngerant shortage region. This determinauon is earned out
based on a map shown in FIG. lb. FIG. 10 is obtruned by
mapping the outside air temperauire against the range of
compressor delivery side pressure during heating mode
operation over ivhich a refrigerant shortage v ill nccur in the
hot gas bypass heating mode.

When thc compressor dclivcry side prcssure during heat-
ing mode operauon is in the rehugerant shorts e pressure
range of FIG 10, it is determined that there is a refngerant o

shortage, aml at step S2130 the fiag IG &s up&kited to (I aml
the refri erant recovery mode is executed

(Seventh Preferred Embodiment)
FIG. 11 and FIG. 12 show a scvcnth prcfcrrcd

embodiment, whcrcin a rcfrigcrant shortage in thc hot gas s
cvcle is detected by means difi'aran& from those used rn the
foregoing sixth prelerred embodiment.

As shown in FIG. 11, a superheating degree detector 286
made up of a refrigerant pressure anti temperature sensors is
provided in nne location, either on the delivery side of the
compressor 10, at thc inlet of thc evaporator 18, or on the
intake side of thc compressor 10. At step S2122 shown in
FIG. 12 it is determined whether the degree of superheatin ~

detected by this detector 286 is above a set value (for
example 20'.). When the degree of superheatmg is above as
the set value, at step S2130 the flag, I(l is updated to 0 and
the refri erant recovery mode is executed

(Other Preferred Embodiments)
[I] In the lira& preferred embodiment described above, a

mechanical valve configuration combining a spring anti a
valve biased by thc spring was use(I as thc prcssure rclicf
valve 26. Iloivever, alternatively a pressure sensor for
detecting the pressure nf refrigerant gas may he provided on
the compressor dehvery side in parallel with the Iirst elec-
tromagnetic valve 13. An electromagneuc valve woukl open
only when based on a dctcction signal from this prcssure
sensor indicating thc compressor rlchvcry side rcfrigcrant
gas pressure has reached a predetermined pressure 'I'hat is,
the rclicf valve in thc first prcfcrrcd embodiment may
alternatively bc an ckctromagnctic valve.

Also, if. the, first electromagneuc valve 13 is a normally-
open valve when no current is apphed, because the lirst
electromagnet&c valve 13 will open in a cut wire breakilown
or the like and thus a fail-safe funct&on is obtained, the relief
valve in the first preferred embodiment nr the above-
mentioncd elcctromagnctic valve is not necessary. Instead,
the first clectromagnctic valve 13 may bc controlled to open
instead when thc compressor dclivcry side rcfrigcrant gas
pressure rises to or above a predetermined pressure.

[ ] The lirst and second electromagnetic valves 13, 21 in
the foregoing preferred embndiments may be replaced with
a single valve device integrating siv&tching functions of a

plurality nf cnnduits.
[3] Although in thc first prcfcrrcd embodiment a thc

manually operated heating switch a rlcrlicatcd switch is
provided in the air-conditioning control panel, alternatively
the manuallv operated switch can be dispensed with and
replaced with other sivitching means I or example, a manual
warm-up sivitch for idling up the vehicle engine 12 is
provided, thc hot gas bypass heating morlc may bc started in
conjunctinn ivith thc operation of this manual switch for
warming up thc cnginc.

[4] Also, in a vehicle wherein warming up of ihe vehicle
engine 12 is carried out automaucally when a warm-up
cond&tion is detected by an engme ECU (not shown), the hot
gas bypass heating mode may be automatically started based
on a warm-up signal from thc cnginc ECU.

Thus thc heating switch ON rlctcrmination of step S120
can bc carried out based on any of various dificrcnt si mals,

[5] Although in the prelerred embodiments descnbed
above the invenuon was applied to a refngerating cycle of
a vehicle air-conditinning system, the invention can of
course be applied to refri crating cycles &n various applica-
tions.

While the above description constitutes thc prcfcrrcd
embodiment nf thc present invention, it should bc apprcci-
aterl that the invention may be modified without departing
from the proper scope or fair meaning of the accompanying
claims Various other advantages of the present invention
will become apparent to those skilled in the art after having
the bcncfit nf studying thc foregoing text and drawings taken
in conjunction with the following claims.

What is claimed is:
l. A refngerating cycle apparatus composing:
a compressor for compressing and dclivcring a rcfrigcr-

ant;
a condenser for condensing thc rcfrigcrant comprcsscd by

thc compressor;
a first pressure-reducing device for reducing in pressure

thc rcfrigcrant condcnscd by thc condcnscr;
an evapnrator for evaporating the refrigerant reduced in

prcssure by the first prcssurc-rcrlucing dcvicc;
a hot gas bypass conduit directly connecting a delivery

side of the compressor tn an inlet side of the evapnrator;
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a second pressure-reducing device proviileil in the hot gas

bypass conduit for reducing in pressure gas refngeranl
comprcsscd by thc compressor;

valves for sivitching a connection between the delivery
side of the compressor aml an inlet inde of the
comlenser, and a connecuon between the delivery side
of thc compressor ancl an inlet side of thc hot gas
bypass conduit;

wherein a normal cooling mode is carried out with the
inkt side of thc condcnscr opened and thc inlet side of
thc hot gas bypass conduit closed by thc valves, and a
hot gas bypass heating mode is carrierl out with the inlet
side of the condenser cinsect and the inlet side of the hot

as bypass comluit opened by lhe valves; and
a controlkr for rccovcring refrigerant from thc condcnscr „

side to the evaporator sirle upnn starting of the heating
mode, the controller causing, the refrigerant to be recov-
ered by operanng lhe compressor with at least the inkl
side of lhe hol gas bypass comlun closed by the valves.

2. The apparatus of claim 1, wherem lhe controller causes
the condenser-side refrigerant to be recovered to the evapo-
rator side upon starting of the heating mode by causing the
compressor to be operated with the inlet sides of both the
condcnscr anil thc hot gas Iiypass conduit closed by thc
valves.

3. The apparatus of claim 1, wherein the controller
includes a timer for causing lhe recovery of the refngeranl
to be carried out for a predetermined time upon the starting
of the hot gas bypass heating mnrle

4 The apparatus of claim I, further comprising a relief
icvalve disposed in a rcfrigcrant passage for bypassing onc of

the valves aml connecting thc dclivcry side of thc compres-
sor to lhe inlet side of the condenser, the relief valve opemn ~

when a delivery side pressure of lhe compressor exceeds a

predetermined value
5 I'he apparatus of claim I, wherein the recovery of the 35

refrigerant is carried out after the operation of the hot gas
bypass heating mode for a prcdctcrmincd time.

6. Thc apparatus of claim 1, further comprising dctcrmin-
ing means for determining if a refri erant shortage occurs
during the operanon of the heanng moile, wherein the ac

refrigerant is recovered when the determining means deter-
mines a refri erant shortage condition exists

7 The apparatus of claim 6, ivherein the determming
means dctermincs thc rcfngcrant shortage coniliiion exists
when thc delivery side prcssure of thc compressor dulia the
hol gas bypass heann ~ mode operation Ialls withm a refwg-
eranl shortage region based on an outside air lemperature.

g The apparatus of claim 6, ivherein the determming
means determines the refrigerant shortage condition exists
based on a rise in a degree of superheating of the refngerant n

in the hot gas bypass heating mode.
9. A rcfrigcrating cyck apparatus comprising:
a compressor for compressing and dclivcring a refriger-

ant;
ss

a condenser for condensmg delivered gas refrigerant from
thc compressor;

a first pressure-reducing device for reducing in pressure
refrigerant condensed by the condenser;

an evaporator for evaporatmg refrigerant reduced m pres-
sure by the first pressure-reducing device;

a hot as bypass coniluit directly connecnng the delivery
side of the compressor tn the inlet side of the evapo-
rator;

a second pressure-reducing device proviileil in the hot gas as

bypass conduit for rerlucing in pressure delivered gas
refrigerant from the compressor;

valves for switching a connecnon between a delivery sale
of lhe compressor aml an inlet side of the condenser and
a connection bctwcen thc dclivcry side of the compres-
sor and an inlet side of thc hot gas bypass conduit;

wherein operation of a normal cooling mode is carried out
with lhe inlet side ol lhe condenser opened and the inlet
side of the hot gas bypass coniluit closed by the valves,
and operation of a hot gas bypass heating mode is
carried out with the inlet side of the conrlenser closed
and the inlet side of the hot gas bypass conduit opened
bv lhe valves,

wherein a first refrigerant recovery mode for recovering
refrigerant from a condenser side to an evaporator side
is sel by lhe compressor being operaled with the inlet
sides of both lhe condenser and the hot gas bypass
conduit closed by the valves; ancl

a second refrigerant recovery mode for recovering refrig-
erant from the comlenser side to lhe evaporator siile is
set by lhe compressor bein ~ operated with the inlet sale
of the conilenser opened aml the inlet side ol the hol gas
bypass conduit closed by the valves

lb. 'I'he apparatus of claim 9, wherein the first and second
refrigerant recovery modes are switched fiaserl on a physical
quantity related to a dclivcry side prcssure of thc compres-
sor

11. The apparatus of claim 10, wherein lhe physical
quantity related to lhe delivery side pressure of the com-
pressor is one of a pressure before starting of the
compressor, a pressure during operation of the cnmpressor,
anil an outside air temperature

12. Thc apparatus of claim 10, ivhcrcin thc first rcfrigcrant
recovery mode is set when thc value of thc physical quantity
is below a set value and the second refrigerant recovery
moile is sel when the value of the physical quannty is above
the set value.

13. In a refrigerating circuit including a compressor, a
condenser, an evaporator, a hot gas bypass conduit connect-
ing a delivery side of the compressor to an inlet side of thc
evaporator, anil valves for switchably connecting thc deliv-
ery side of. Ihe compressor lo one of an inlet side of the
comlenser and an inlet side of the hot gas bypass coniluit, a
method for recovering refrigerant from a condenser side of
the compressor to the delivery side thereof, comprising

determining that a hol gas hexing bypass mode condition
exists;

closing al least an inlet side of the hot gas bypass comluit,
anil

operanng the compressor to create a pressure on the
delivery side that is higher than that on lhe condenser
side by a predetermined value to thereby sucl refrig-
erant from the condenser side to the delivery side

14. I'he method of claim 13, wherein the step of closing
at least an inlet side of the hot gas bypass conduit comprises
closing both thc inlet sides of thc hot gas bypass conduit and
the comlenser.

15. The method of. claim 13, wherein lhe closm ~ of. at
least an inlet inde of lhe hot gas bypass conduit further
comprises

detecting a pressure of the refngeranl on lhe condenser
side to determine whether the pressure is at nr above a
predetermined level;

subsequently closing lhe inlet side of lhe hot gas bypass
cnnduit if the pressure is above the predetermined
level; and

closing both the inlet sides of the hol gas bypass conduit
and the condenser if the pressure is below the prede-
termined level
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16. The method of clatm 14, wherein Ihe closing of al

least thc inlet side of thc hol gas bypass conduit further
comprises rclicving a prcrlctcrmincd amount of thc pressure
on the delivery side after the pressure reaches a predeter-
mined maxtmum leveL

17. The method of clatm 13, wherein Ihe closing of al

least an inlet stdc of thc hot gas bypass conduit is rlctcrm inert
based on ambient air temperature.

lg. The method of clatm 13, wherein Ihe closing of al

least an inlet sirlc of thc hot gas bypass conduit is pcrformcrl
during the operaung of the compressor (lfl).

19. 'the method of claim 13, wherein the closing of at

least an inlet side of lhe hol gas bypass condutt and the

16
operating of the compressor Ihereafler occur afler a prede-
termined lengthy period of operatton tn the hot gas bypass
heating mode

20. The method of claim 13, further cnmprising directly
rlctccting a refrigerant shortage on thc dclivcry side lo ctfcct
the closing of at least an inlet side of thc hot gas bypass
comlutl aml lhe operaltng of Ihe compressor thereafler.

21. The method of claim 13, further composing dtrectly
detecting a degree of refrigerant superheating nn the deliv-
ery side to etfect the closing of at least an inlet side of the
hnt gas bypass conduit and the operattng of the compressor
thercaftcr.

r r t


