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[57] ABSTRACT

15 Claims, 9 Drawing Sheets

An automotive air conditioning system comprises a heat
pump type refrigerant circuit charged with a first refrigerant
and includes first and second intcmal heat exchangers dis-
posed within an air conditioning duct. and an external heat
exchanger locaied outside thc duct. A plurality of electro-
magnetic valves are selectively operated so that in one
operational state the external heat exchanger performs as an
evaporator and the second internal heat exchanger performs
as a condenser, and such that in another operational state the
external heat exchanger and the lirsi internal heat. exchanger
perform as evaporators and the second internal heat
exchanger performs as a condenser. A first pressure equal-
izing type expansion valve mechanism associated with the
cxtcmal heat exchanger has a P—T characteristic curve
whcrcin a static superheat curve intersects with a saturated
first rcfrigcrant vapor curve when the temperature of the first
refngerant immediately upstream of the external heat
exchanger is in a low range. A second pressure equalizing
type expansion valve mechanism has a P—T characteristic
curve wherein a static superheat curve generally extends
parallel to a saturated first refiigerant vapor curve.
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1

AUTOMOTIVE AIR CONDITIONER SYSTEM

BACKGROUND OF TIIE INVENTION

1. Tcchnical Field of thc Invention
This invention generally rclatcs to an automotive air

conditioning system, and more particularly, to an automotive
air condiiioning system having a heat pump type refrigerant
Cll'Culn

2. Description of the Prior Art
Automotive air conditioning systems having a heat pump

type refrigerant circuit are well known in the prior art.

With reference to FIG. I, one conventional automotive air
conditioning system 100'omprises a heat pump type refrig-
erant circuit 10'hich includes a compressor, such as a
variable displacement type motor driven compressor 11, a
first intcmal heat exchanger 12, a second internal heai
exchanger 13, a receiver 14 and an external heat exchanger
15, which are connected to one another by pipe members 20
in a manner described in detail below.

An outlet pon. Ilb of compressor 11 is linked to an inlci
port 13a of second internal heat exchanger 13 via a first
electromagnetic valve 161, An ouilei pon 13b of second
internal heat exchanger 13 is linked to an inlet pon 14a of
rcceivcr 14 via a first check valve 171. An inlet port lla of
compressor 11 is linked to an outlet port 12b of first internal
heat exchanger 12. A first port 15a of external heat
exchanger 15 is linked to pipe member 20 at a position
which is located between inlet port lla of compressor 11 and
outlet port 12b of first internal heat cxchangcr 12 via a
second electromagnetic valve 162. First port 15a of external
heat exchanger 15 is further linked to pipe member 20 at a
position which is located between outlet port lib of com-
pressor 11 and first electromagnetic valve 161 via a third
electromagnetic valve 163.

A second port 15b of external heat exchanger 15 is linked
to inlet. port 14a of receiver 14 via a second check valve 172.
An outlet pon 14b of receiver 14 is linked to an inlet port
12a of first intcmal heat exchanger 12 via a fourth electro-
magnetic valve 164 and a second valve device 502 of a
later-mentioned second cxiemal prcssure equalizing type
thermal-sensitive expansion valve mechanism 52. Outlet
port 14b of receiver 14 is further linked to second port 15b
of cxtemal heat exchanger 15 via a first valve device 501 of
a later-mentioned first extcmal prcssure equalizing type
thermal-sensitive expansion valve mechanism 51.

The automotive air conditioning system 100'urther com-
prises a duct 110 within which first internal heat exchanger
12, second external heat exchanger 13 and a blower 120 are
disposed. An air intake port 111 is formed at one end of duct
110. Blower 120 is located at a position adjacent to air intake
port 111, and moves the air from air intake port 111 to the
opposite end of duct 110. A first damper 130 is associated
with air intake pon 111, and pivotally moves so that fresh
outside air or recirculated passenger compartment air can be
selectively taken into duct 110 through air intake pon 111.

First intcmal heat exchanger 12 is disposed within duct
110 at a position downstream of blower 120. Second internal
heat exchanger 13 is located at a position downstream to first
internal heat exchanger 12. Second internal heat exchanger
13 occupies about onc half of the cross sectional area of duct
110. A second damper 140 is associated with second internal
heat exchanger 13 at a position immediately upstream with
respect to heat exchanger 13, and pivotally moves so that the
flow of air passing through second internal heat exchanger
13 is continuously regulated.
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The other end of duct 110 opposite to air intake port 111
branches into first and second auxihary ducts 110a and 110b.
First auxiliary duct Ilfla conducts the air to an automobile
front windshield (not shown). The second auxihary duci
llflb conducts the air to a froni lower portion of ihc
automobile passenger compartment.

A first thermo-sensor 30 is associated with first internal
heat exchanger 12 at a position downstream with respect to
heat exchanger 12, and senses temperature T.„„of the air
flowing out from heat cxchangcr 12. The sensed temperature
T„, is converted io an clcctric signal S„, at first thermo-
sensor 30, and electric signal S„, is sent to a control unit
(not shown) to be processed therein. A second thermo-sensor
40 is associated with second internal heat exchanger 13 at a
position downstream with respect to heat exchanger 13, and
senses temperature T of the air flowing through heat
exchanger 13. The sensed temperature T is convcrtcd to
an electric signal S at second thermo-sensor 40, and
electric signal S is sent to the conuol unit to be processed
therein.

The heat. pump type re&fgeration circuit 10'f the auto-
motive air conditioning system 100's provided wiih first
and second cxtemal pressure equalizing type expansion
valve mechanisms 51 and 52. First external prcssure equal-
izing type expansion valve mechanism 51 includes a first
valve device 501, a first pressure equalizing pipe 51a which
functions as a pressure sensing device, and a first thermo-
sensing tube 51b, which functions as a thermo-sensing
device. Similarly, second external pressure equalizing type
expansion valve mechanism 52 includes a second valve
device 502, a second pressure equalizing pipe 52a, which
functions as a pressure sensing device, and a second thermo-
sensing tube 52b, which functions as a thermo-sensing
device.

With reference to FIG. 2 in conjunction with FIG. I, first
valve dcvicc 501 is disposed in pipe member 20 ai a position
betwccn second port 15b of cxtcrnal heat exchanger 15 and
outlet port 14b of receiver 14. One end of first. prcssure
equalizing pipe 51a is hermetically inserted into an inner
space of tube member 20 between first port 15a of external
heat exchanger 15 and second electromagnetic valve 162.
First thermo-sensing iubc 51b is fixedl attached to an
external surface of tube member 20 between second elec-
tromagnetic valve 162 and inlet port lla of compressor 11.

First valve dcvicc 501 includes a casing 511, which
defines a pressure sensitive operating chamber 512, and a
diaphragm 513 disposed within and dividing chamber 512
into a first section 512a and a second section 512b. An
operating rod 514 is disposed wiihin second section 512b of
chamber 512, and one end thereof slidably penetrates
through casing 511 and is located in a communicating
chamber 515, which is formed in casing 511. The commu-
nicating chamber 515 is in fluid communication with pipe
member 20. Valve element 514a is integrally formed at one
end of rod 514, and is resiliently supported by a coil spring
516. Coil spring 516 is disposed bctwecn valve element
514a and a supporung member 517, which is fixedly secured
to an inner surface of communicating chamber 515. Oper-
aung rod 514 is coniinuously urged upwardly (with respect
to FIG. 2) by the restoring force of coil spring 516. As a
result, the end of operating rod 514 is continuously in
contact with a cenuaf portion of diaphragm 513. A valve seat
518 is formed in communicating chamber 515 facing valve
element 514a.

First thermo-sensing tube Slb is linked to the first section
512a of pressure sensitive operating chamber 512 through
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pipe member 51c Firs( prcssure equalizing pipe 51a hs

connec(cd Lo thc second section 512b of pressure scnsitivc
operating chamber 512. First thermo-sensing tube 51b, pipe
member 510 and first section 512a of pressure sensiuve
operating chamber 51Z arc charged with rel'rigeram. Thc
rcfrigeram charge is mamiaincd at Lhc saturated vapor pres-
sure, which varies in accordance with the IVIoflicr diagram.

An upper suriace of diaphragm 513 rcccivcs the pressure
of thc reirigeram charged into first thermo-sensing tube 51b,
pipe mcmbcr 510 and first scc(ion 512a of chamber 512 such
(ha( a first force ac(s on diaphragm 513. Thc first force varies
in response (o changes in the icmpcraturc sensed by firs(
thermo-sensing Lube 51b. Thc lower surface of diaphragm
513 rcceivcs thc prcssure nf ihc refngeran( a( 0 position
adjacent. Lo first port 15a of external heat exchanger 15.
Thus, an upwardly acting second force acts on diaphragm
513. The second force varies in response to changes in the
pressure of the refrigeram in tube member 20 at thc posi(ion
adjacent to first port 15a of'xternal heat cxchangcr 15.
Thcrcforc, a central portion of diaphragm 513 moves in
accordance with the first force, (he second force and ihe
restoring force of coil spring 516, and rod 514 moves
upwardly and downwardly in accordance with thc move-
mcnt of thc central portion of diaphragm 513. As a result, the
opening degree ol'alve clement 514a a( valve seat 515
varies in accordance with thc movement of thc central
portion of diaphragm 513, so that first external pressure
equalizing type expansion valve mechanism 51 has a P—T
characteristic curve as illustraied in FIG. 3.

In FIG. 3, dashed line C, indica(es a saturn(cd refrigerant
vapor curve, and solid line C', indicates a s(.atic supcrhcat
curve with rcspcct to both the tirsL and second extcmal
pressure equalizing type expansion valve mechanisms 51,
52 Sil, indicaics (hc dcgrcc of staiic superheat adiacen( to
first port 15a of external heat exchanger 15. As illustrated in
FIG. 3, the static supcrhea( curve C'z is gcnerafly parallel to
(he saturated refrigerant vapor curve C,. Thcrcforc, thc static
supcrheai SH2 is generally maintained ai a prcdc(crmined
cons(an(. value in any thermal condi(ion of cxtcma! heat
exchanger 15.

With reference to FIG. I again, second valve device 502
is positioned be(ween inlet port 12a of iirst intcmal heat
exchanger 12 and fourth electromagnetic valve 164. One
end of second pressure equalimng pipe 52a is hermetically
inserted into tube member 20 at a position adjaccn( to outlet
port 12b of iirsi internal heat exchanger 12. Second ihenno-
sensing tube 52b is positioned adjacent to outlet port 12b of
first. internal heat exchanger 12, but downstream to second
pressure equalizing pipe 52a. Second valve device 50Z is
similar in construction and operation to first valve device
501, so a detailed explana(ion is omit(cd.

Depending on the operational a(etc of first through four(h
electromagnetic valves 161—164, the automotive air conCh-
tioning system 100'erforms in four opera(ing modes a
cooling mode. a cooling-dehumidifying mode, a heating
mode and a heating-dehumidifying mode.

First, in the cooling mode, first. and second electromag-
netic valves 161 and 162 arc closed, and third and fourth
electromagneiic valves 163 and 164 are open. Refrigerant.
flowing from compressor 11 flows to ex(emal heat
exchanger 15 via third electromagnetic valve 163, and
further flows to first internal heai exchanger 12 via second
check valve 17Z, receiver 14, fourth electromagnetic valve
164 and second valve dcvicc 502. Thmi, the refrigeram
returns to compressor 11 to complete the cycle. In the
cooling mode, cxtcmal hea( exchanger 15 performs as a
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condenser while firs(. internal heat exchanger 12 performs as
an evaporator, which functions as a cooling source. There-
fore, as thc air flows through duct 110, (hc air is cooied by
firs(. internal heat exchanger 12. Furthermore, second
damper 140 is positioned as indicated by the dashed line in
FIG. I (i.e., en(ircly blocked), so (hat the air cooled by first
in(emal hca( exchanger 12 entirely passes second internal
heat exchanger 13. The ahr cooled by first internal heaL
exchanger 12 is directed againsh. (he front windshield and/or
thc iron( lower portion of the automobile passenger com-
partmen( through thc first and/or second auxiliary ducts 110a
and/or llflb, respcciivcly.

Thc clcc(ric signal S„„representing Lhc sensed (empera-
(urc T„, of the air at the position immcdiatcly downstream
Lo firs( in(cmal heat. exchanger 1Z is processed in the control
unit. In response, the rotaLing speed of thc drive shaft of
compressor 11 is controlled. In other words, the displace-
ment oi'ompressor 11 is controlled so that the sensed
temperature T,m approaches an aimed temperature Tao,
which is expressed hy equation (I).

Too=Ks Th—Kh.Th-Kom Tom—Khod.Trod C

(Too—T,„,)/(T „—T ) (2)

As the air flows through duct 110, the air is cooled by first.
internal hea( exchanger 1Z. The cooled air flnwing out from
first internal heat exchanger 12 is parted hy second damper
140, so that a portion thereof passes through second in(ernal
heat exchanger 13 to be hcatcd, while the remainder
bypasses second internal heat exchanger 13. The air then
mcrgcs at a position downstream to second internal heai
exchanger 13. The merged air, which is cooled and dehu-
midified, is directed against thc automobile front windshield

where;
Ks is thc set temperature coeificient representative of

impurities in the automobile passenger compartment air,
Ts is the set temperature of thc automobile passenger

compartment,
Kr is Lhc sensed temperature coeilicient. in thc automobile

passenger compartment,
Tr is (he sensed temperature in the automobile passenger

compar(ment,
Kam is the ambient temperature coefficient outside the

automobile,
Tam is the ambieni tempcraturc outside the automobile,
Krad is the coeflicient. of solar radiation,
Trad is thc amount of solar radiation, and C is a constant.
In the cooling-dehumidifying mode, second electromag-

netic valve 162 is closed, and the first, ihird and fourth
electromagnetic valves 161, 163 and 164 are open. A portion
of the refrigerant. flowing from compressor 11 (iowa to
external heat exchanger 15 via thud electromagnetic valve
163, while the remainder flows to second internal heat
exchanger 13 via first electromagnetic valve 161. The refrig-
erant flowing from external heai exchanger 15 and the
refrigeran(!lowing from second internal heat exchanger 13
merge at receiver 14 via second and first check valves 172
and 171, respectively. The refrigerant then flows to first
internal heat exchanger 12 via fourth electromagnetic valve
164 and second valve device 502, and returns to compressor
11. In the cooling-dehumidifying mode, external heat
exchanger 15 and second internal heat exchanger 13 perform
as condensers, while first internal heat exchanger 12 func-
tions as an evaporator and cooling source. Second damper
140 is partially open. The position of thc second damper 140
is determined hy aqua(ion (2) below.
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and/or thc front lower portion of the automobile passenger
compartment through the iirst and/or second auxiliary ducts
1100 and/or llflb, respcctivcly.

The electric signal S„„, representing the sensed tempera-
ture T„,, of thc air at thc position immediately downstream
to first internal heat exchanger 12 is processed in the control
unit. In response, the rotating speed of thc drive shaft of
compressor 11 is controlled. In other words, the displacc-
mcni of compressor 11 is controlled so that the sensed
temperature T„, approaches the aimed temperature Tad.

In thc heating mode, first and second electromagnetic
valves 161 and 162 are open, and third and fourth electro-
magnetic valves 163 and 164 arc closed. Thc refrigerant
flowing from compressor 11 flows to second internal heat
exchanger 13 via first electromagnetic valve 161, and further
flows to cxtemal heat exchanger 15 via first check valve 171,
rcccivcr 14 and first valve device 501. The refrigerant
flowing out of external heat exchanger 15 returns to com-
pressor 11 via second clcctromagnctic valve 162. In the
heating mode, cxtcmal heat exchanger 15 performs as an
evaporator, while second internal heat exchanger 13 per-
forms as a condenser, which functions as a heating source.
Furthermore, second damper 140 is positioned as indicaied
by the solid line in FIG. 1 (i.e., entirely opened), so that the
air entirely passes through second internal heat exchanger
13. As thc air flows through duct 110, the air passes through
first internal heat exchanger 12 without a heat exchanging
operation. The air flowing from first internal heat exchanger
12 cntircly passes through second intcmal hcai exchanger
13, and is heated thereby. Thc air hcatcd by second internal
heat exchanger 13 is directed against thc automobile fiont
windshield and/or ihe front lower portion of the automobile
passenger compartment through thc first and/or second
auxiliary ducts 1100 and/or 110b, respecuvcly.

The electric signal S representing thc scnscd tempera-
ture T of ihe air at the position immcdiatcly downstream
of second internal heat exchanger 13 is processed in thc
control unit. In response, the rotating speed of ihe drive shaft
of compressor 11 is controlled. In other words, thc displace-
ment of compressor 11 is controlled so that thc sensed
temperature T approaches the aimed temperature Tao.

In thc heating-dehumidifying mode, third electromagnetic
valve 163 is closed, and the first, second and fourth elec-
tromagnetic valves 161, 162 and 164 are open. As a result,
the refrigerant flowing from compressor 11 Bows to second
intcmal heat exchanger 13 via first electromagnetic valve
161, and further flows to receiver 14 via first check valve
171. The refrigerant (lowing from receiver 14 divcrgcntly
flows to external heat exchanger 15 via first valve device 501
and first imemal heat exchanger 12 via fourth electromag-
netic valve 164 and second valve device 502. Thc refrigerant
liowing from first internal heat exchanger 12 merges with
the refrigerant flowing from external heat exchanger 15 via
second electromagnetic valve 162, and rctums to compres-
sor 11, In the heating-dehumidifying mode, external heat
exchanger 15 and lirsi intcmal heat exchanger 12 perform as
evaporators, which function as cooling sources, while sec-
ond internal heat exchanger 13 performs as a condenser,
which funciions as a heating source. Second damper 140 is
maintained at the position indicated by thc solid line in FIG.
1 (i.c., entirely opened).

As thc air flows through duct 110, the air is cooled by first
intcmal heat cxchangcr 12. Thc cooled air flowing from first
intcmal heat. cxchangcr 12 cntircly passes through second
internal heat exchanger 13, where ii is heated. Thc air heated
by second internal heat exchanger 13 is directed to the
automobile front windshield and/or the front lower portion
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of the automobile passenger compartment through the first
and/or second auxiliary ducts llfia and/or llflb, respec-
tively.

Thc clcctric signal S representing the sensed tempera-
ture T„, of thc air at the position immediately downstream
of second internal heat exchanger 13 is processed in thc
control unit. In response, thc rotating speed of the drive shaft
of compressor 11 is controlled. In other words, the displace-
ment of compressor 11 is controlled so that the sensed
tempcraturc T approaches the aimed temperature Tao.

When ihe healing mode is carried out and the temperature
of the air outside thc automobile is low, for example, —5'.
-O'., the vaporizing pressure of the refrigerant in external
heat exchanger 15 lowers, i.e, ihc tcmpcraturc of the refrig-
erant in external hcai exchanger 15 tends to lower. Since the
condensing pressure of thc rcfrigcrant in second internal
heat exchanger 13 is high, the pressure in the discharge
chamber of compressor 11 tends to rise. These tcndcncics
are aggravated when the degree of actual superheat SH,a at
a position adjaceni to first port 150 of external heat
exchanger 15 becomes excessively greater then the prede-
termined constant value of static superheat SH,. As a result,
thc operational efliciency of compressor 11 may decrease. A
situation where thc degree of actual superheat SFIza
becomes excessively greater than thc dcgrcc of static super-
heat SHz is described in detail below with reference io FIGS.
4 and 5.

As illustrated in FIG. 5, thc amount of increase in the
degree of superheat SI-Izc at a position adjacent to first port
150 of external heat exchanger 15 is in direct proportion to
the opening degree of valve element 5140 (FIG. 2). On thc
other hand, when the temperature of t.he air outside the
automobile is low, the opening degree of valve element 5140
must be large. Therefore, when the temperature of the air
outside the automobile is low, the increase in the dcgrce of
static superheat SHc at the position adjacent to first pon 150
of external heat exchanger 15 becomes large. As a result, as
illustrated in FIG. 4, a first acting point P, of the first
cxtemal pressure equalizing type expansion valve mecha-
nisms 51 responsive to pressure sensed by first pressure
equalizing pipe Sla is shifted from the static superheat curve
C'2 along the axis of the abscissas toward the righi (with
respect to FIG. 4) by SHc.

In addition, a pressure drop AP occurs between the
position first pressure equalizing pipe 510 which is inserted
in tube member 20 and first thermo-sensing tube 51b. As a
result, as illustrated in FIG. 4, the pressure of the first
external pressure equalizing type expansion valve mecha-
nisms 51 sensed by first thermo-sensing tube 51b shifts to
second acting point P, along the axis of the ordinate. The
second acting point P, of the first external pressure equal-
izing type expansion valve mechanisms 51 is located on an
actual superheat curve Cs.

As illustrated in FIG. 4, when the temperature of thc air
outside the automobile is low, the degree of actual superheat
SHza becomes excessively greater than thc prcdctermined
constant value of the degree of static superheat SH2. In other
words, as the temperature of the mr outside thc automobile
lowers, the actual superheat SHza becomes greater.

Furthermore, the degree of actual superheat SHza
becomes excessively larger than the predetermined constant
value of stauc superheat SH, when thc tcmpcrature of the air
outside the automobile is low. Thercforc, the vaporizing
pressure of the refrigerant in external heat exchanger 15 is
further lowered, i.e., the temperature of ihe rcfrigcrant in
external heat exchanger 15 is further lowered. As a result,
frost may form on the exterior surface of external heat
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cxchangcr 15 when the heating mode operaiion is carried oui
and the temperature ol'he air outside thc automobile is low.
Thc frost forming at the exterior suri'ace of ihe exiemal heat
exchanger 15 mny rcducc ihc operational eflicicncy of the
automouvc air conditioning system 100'. 3

When the heaiing-dehumidifying mode is carried oui and
the temperature of ihc air outside ihe automobile is at. an
intermediate range, for cxamplc, 10'.-20'., the dehu-
midifying operation ai first internal heat exchanger 12 is noi
sufiicienily cerned oui. In the hcaiing-dehumidifying mode io
of operation, ihe rcf'rigerani flowing from rcccivcr 14 flows
into external heat exchanger 15 and first internal heat
cxchangcr 12. The ratio ot hcai exchanging capacity of
external heai exchanger 15 io heat exchanging capacity of
first intcmal heat exchanger 12 is designed io bc aboui is
3— 10: i. Thercforc, the greater pari of the refrigerant fiowing
from receiver 14 flows into external heat exchanger 15. As
n rcsulu thc hcai exchanging operation at firsi internal heat
exchanger 12 is not sufficiently cerned oui, so that. the
tcmperaiure of thc air blowing from first internal heat zo

exchanger 12 docs not sufiicienily rise. Therefore, ihe dehu-
midifying operation at the firs iniernal heat exchanger 12 is
noi suflicienily carried out.

SUMMARY OF TI IE INVENTION 23

Accordingly, ii is an objecl of ihe present invention to
provide a heat pump type auiomoiivc air conditioning sys-
tem which improves thc operational efficiency of a com-
pressor during thc heating mode. 30

Another object of the present invention is io provide a
heat pump type automotive air cnndttioning system which
can prevent. frost from forming on ihe exterior surface of an
cxtcmnl heat exchanger during the heating mode of opera-
tion. 33

A further object. of thc present. inveniion is to provide a
hcai pump type automotive air condiiioning system which
can su!firicntly carry out a dehumidifying operation in a
heating-dehumidifying mode of operation.

40
According to thc prcscnt invention, an automotive air

condiiiomng system comprises a duct member which
includes a first and a second cnd opposiic to ihe first end, and
a refrigerant circuit which includes first nnd second internal
heat cxchangers located within the duct. mcmbcr, and an
cxlcmal heat exchanger located outside ihe duct member.
Thc duct member conducts air therethrough from thc first
end io ihc second end The first internal heat exchanger is
positioned upstream to thc second internal heai exchanger.

The refrigerant circuit further includes changeover so
devices, such as a plurality of electromagnetic valves, for
changing thc direction of flow of the refrigerant such that in
onc mode of operation the external heai exchanger performs
as an cvnporator and thc second internal heat exchanger
performs as a condenser, and such that in another mode of ss
operation the extcmal heat exchanger and the first internal
heat exchanger perform as an evaporator and the second
internal heat exchanger performs as a condenser.

The refrigerant circuit still further comprises a firsi pres-
sure equalizing type expansion valve mechanism, which is so
associated with the external heat cxchangcr, for regulaiing a
flow amount of the first refrigerant flowing inlo the external
heat exchanger in response to the tempcraiurc of the first
rcfrigcrant at a position upstream to the exicmal heat
cxchangcr. A second pressure equalizing type expansion ss
valve mechanism is associated with ihe first. internal heat
exchanger so as to regulate a flow amount. of ihc refrigerant

flowing into the first internal heal. exchanger in response to
the temperature oi the refrigerant ai. a position upstream to
thc first internal heat exchanger.

The first. prcssure equalizing type expansion valve mecha-
nism is characicrizcd by a static superheat curve which
intersects a saturated first refrigerant vapor curve when the
temperature of ihe firsi rcfrigcrnni at ihc position upstream
io the external heat exchanger is low.

Thc second pressure equalizing type expansion valve
mechanism is characterized by a stauc superheat curve
which gcncrally extends parallel to a saturated first. refrig-
erant vapor curve.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 is a schematic diagram of a hunt pump type
rcfrigcraiion circuit in accordance with the prior aru

FIG. 2 is n schematic illustration of a first external
pressure equalizing type expansion valve mechanism shown
in FIG. 1.

FIG. 3 is a graph illustrating a P—T characteristic curve of
sratic superheat of the first extcmal prcssure equalizing type
expansion valve mechanism shown in FIGS. 1 and 2.

FIG. 4 is a graph illustrating an enlarged portion of FIG.
3 indicated by circle IV.

FIG. 5 is a graph illustrating the relationship between the
amount of static superheat vs. opening degree of a valve
element with respect to ihc!irst cxtemal pressure equalizing
type expansion valve mechanism shown in FIGS. I and 2

FIG. 6 is a schematic diagram of a heat pump type
rcfngeraiion circuit in accordance wiih n first prcfcrred
embodiment.

FIG. 7 is a graph illustratmg a P—T characteristic curve of
static superheai of thc first cxtcrnal pressure equalizing type
expansion valve mechanism shown in FIG. 6.

FIG 8 is a graph illustrating an enlarged portion of FIG.
7 indicated by circle VIII.

FIG. 9 is an operating diagram of the fourth

electromagn-

eticc valve shown in FIG. 6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIiMENT

FIG. 6 illustrates a schematic diagram of an automotive
air conditioning system 100 in accordance wiih one pre-
ferred embodiment. In FIG. 6, ihe same numerals are used
io denote corresponding elements shown in FIG. I, so the
discussion is primarily reserved for diiferences between the
preferred embodiment and the prior art.

The automotive air conditioning system 100 of FIG. 6
also performs in four operating modes by means of selec-
tively opening and closing the first. through fourth electro-
magnetic valves 161—164.

According to the preferred embodiment, first thermo-
sensing tube 51Is pipe member 51c and first section 512a of
pressure sensitive operating chamber 512 are charged with
refrigerant, which is difi'crcnt from the refrigerant charged
inio refrigeration circuit 10. Thc refiigerant charged into
tube 516, pipe member 51c and first section 512a is main-
tained at the saturated vapor prcssure, which varies in
accordance with the Mollier diagram. The first external
pressure equalizing type expansion valve mechanism 51
associated with external heat exchanger 15 has a P—T
characteristic curve as illustraied in FIG. 7. In FIG. 7, the
dashed line C, indicates the saturaicd refrigerant vapor
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curve, and thc solid linc Cz indicates thc stauc superheat
curve with respect to the firsi external pressure equalizing
type expansion valve mechanism 51.

According to thc P—T characierisuc curve of ihc iirsi
cxtcmal prcssure equalizing type expansion valve mecha-
nism 51, as the temperature sensed by the first thermo-
scnsing tube 51b becomes lower, i.c., the temperature of the
air outside thc automobile becomes lower, the static super-
heat SH, adjacent to first port 15a of external heat exchanger
15 becomes smaller. In addition, when the tcmpcrature
scnscd by firsL thermo-sensing tube 51b is low, i.c., when thc
tcmperaturc of the ambieni air outside ihc automobile is in
a fow range, for example, —5'.-O'., the solid line Cz
static superheat curve of first cxtcmal prcssure equalizing
type expansion valve mechanism 51 intersects thc dashed
linc C, of ihe saiuraicd refrigerant vapor curve.

FIG. 8 illustrates the P—T characteristic curve of the first.
cxtemal pressure equalizing type expansion valve mecha-
nism 51 when the ambient temperature sensed by the first
thermo-sensing tube Slb is in the low range, i.e., —5 -0 C.
As illustrated in FIG. 8, linc Cs, which indicates an actual
superheat curve with respect to the first external pressure
equalizing type expansion valve mechanism 51, does not
intersect thc dashed linc C, indicating the saturated refrig-
erant vapor curve. Therefore, when the ambient temperature
sensed by first thermo-sensing tube 51b is in the low range,
i.c., in the situaiion whcrc ihc tcmpcraturc of thc air outside
thc automobile is about —5'.-O'., actual superheat SH,a
of the first cxtemal pressure equalizing type expansion valve
mechanism 51 is small. In other words, as the temperature
sensed by first thermo-sensing tube 51b lowers, i.e., as the
temperature of the ambient air outside the automobile low-
ers, thc degree of actual superheat SH,a with respect to the
iirsi external prcssure equalizing type expansion valve
mechanism 51 bccomcs smaller.

Accordingly, cvcn when ihc heating mode of operation is
carried oui when thc temperature of ihc mnbicnt air outside
the automobile is low, the operational cfiiciency ol'om-
pressor 11 is maintained, and frost can bc prevented from
forming on thc exterior surface of external heat exchanger
15.

With reference to FIGS. 3 and 7, in the condition where
the temperature of the ambient air outside the automobile is
in an intermediate range, for example, IO'.-20'., the
static superheat SH, with respect io the first exicmal pres-
sure equalizing type expansion valve mechanism 51 which
is associated with external heat exchanger 15 is relatively
greater than the stauc superheat SHz with respect to thc
second external pressure equalizing type expansion valve
mechanism 52 which is associated with first intcmal heat
exchanger 12. Therefore, the opening degree of valve ele-
ment 514a of the first external prcssure equalizing type
expansion valve mechanism 51 is relatively smaller than the
opemng degree of the valve elcmcni of the second cxtemal
pressure equalizing type expansion valve mechanism 52. As
a result, a porLion of the rcfrigcrant which flows into external
heat exchanger 15 flows into thc first internal heat exchanger
12. Therefore, the tcmperaturc of the air blowing from first
internal heat cxchangcr 12 sufficiently drops.

Accordingly, even when the heating-dehumidifying mode
of operation is earned out when the tcmpcrature of the air
outside the automobile is in the intermedtate range, i.e., 10'.-20'.,the dehumidifying operation at first iniemal heat.
exchanger 12 is eifectively carried out.

However, when the heating-dehumidifying mode opera-
tion is carried out when the tempcraturc of thc ambient air
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outside the automobile is in yet another low range, for
example, O'.-IO'., the temperature of the air blowing
from first internal heat exchanger 12 may drop. Therefore,
frost may form at the exterior surface of first internal heat
exchanger 12 when the heating-dehumidifying mode of
operation is camcd out when the temperature of the ambient
air outside thc automobile is about O'.-IO'. In order to
address this, automotive air conditioning system 100
includes a control device 60.

With reference to FIG. 6, control device 60 is electrically
connected to both fourth elcctromagnctic valve 164 and first
thermo-sensor 30, which is associated with first internal heat
exchanger 12. Control device 60 is operational in hcating-
dehumidifying mode. Control device 60 receives the electric
signal S,„„representative of the temperature T„sensed by
first thermo-sensor 30. Control device 60 controls the open-
ing and closing of fourth electromagnetic valve 164 as
iflustraicd in FIG. 9.

With reference to FIG. 9. when ihe sensed tcmpcraturc
T„, falls below a first boundary value T,, for example,0'.,

fourth clcctromagnetic valve 164 is closed by the control
device 60 as long as the sensed temperature T„„remains
below thc first boundary value T,. Thc first boundary value
T, is chosen as the temperature where frost begins to form
on the exterior surface of first internal heat exchanger 12.

When the sensed temperature T „ristw above a second
boundary value Tz, for example, I O'., which is higher than
the first boundary value T,, fourth clcctromagnetic valve
164 is opened by control device 60 as long as the sensed
temperature T„remains above the second boundary value
Tz. Thus, the flow of refrigerant into first. internal heat
exchanger 12 is blocked by fourth electromagnetic valve
164 while the sensed temperature T„, rises to ihe second
boundary value Tz. Accordingly, the flow of refrigerant into
first internal heat exchanger 12 is intermittently blocked in
response to certain values of the sensed temperature T„,.

As a result, the heat exchanging operation carried out at
first internal heat exchanger 12 is effectively regulated by the
control device 60. Therefore, frost is prevented from form-
ing on the exterior surface of first internal heat exchanger 12
when the heating-dehumidifying mode operation is cerned
out and the temperature of the ambient air outside the
automobile is low.

As described above, thc preferred embodiment is applied
io an automotive air conditioning system having a heat
pump type refrigerant circuit, which performs in the cooling
mode, thc cooling-dehumidifying mode, the heating mode
and thc heating-dehumidifying mode of operations. How-
ever, the preferred embodiment can be applied to any type
of an automotive air conditioning system having a heat
pump type refrigerant circuit which can perform at least in
thc heating mode and the heating-dehumidifying mode.

Moreover, first thermo-sensor 30 may be positioned to
sense the temperature of the air passing through first internal
heat exchanger 12. Alternatively, first thermo-sensor 30 may
be positioned to scnsc thc tcmperaturc of the refrigerant
upstream of first intcmal heat exchanger 12. Alternatively,
the pressure of the refiigerant upstream of first internal heat
exchanger 12 may be sensed instead of the temperature of
the refrigerant.

This invention has been described in detail in connection
with the preferred embodiment. The embodiment, however,
is merely for example only and the invention is not restricted
thereto. Ii will be understood by those skilled in the art that
other variations and modifications can easily bc made within
the scope of ibis invention as defined by the appended
claims.



5,615,560
12

I claim:
1. An automotive air conditioning system comprising;
a duct for conducting air therethrough, said duct mcmbcr

having a first cnd and a second end opposite io Lhe first
cttcl;

a refrigerant circuit. comprising a first and second internal
heat exchangers located within said duct member, and
an external hcai exchanger located outside said duct
member, said first. internal heat exchanger being posi-
lioned upstream with respect Lo said second internal
heai exchanger, said refrigerant circuit being charged
with a refngerani which fiows through said first and
second internal heat exchangers and said cxtcmal heat.
cxchangcr so that a heat exchanging opcralion is car-
ried out between said refrigerani and thc air passing
along an exterior surl'acc oi'aid lirst and second
internal heat exchangers and said cxtcma! hcaL
exchanger,

said refrigerant circuit further comprising changeover
means for changing over a direction of flow of said
refrigerant such Lhat, in onc operational state, smd
external heat exchanger performs as an evaporator and
said second internal heal exchanger performs as a
condenser, and such that. in another operational state,
said external heat, exchanger and said first internal heat
exchanger perform as an evaporator and said second
intcmal heat exchanger performs as a condcnscr;

said rel'rigerant circuit further comprising a firsi pressure
equalizing type expansion valve mechanism associated
with said external heat exchanger, said first expansion
valve mechanism regulating a flow amount of the
rei'rigerant flowing into said cxtcmal heai exchanger in
response to the temperature of the refrigerani at a
position upstream of said external hcaL exchanger, and
a second pressure equahzing iypc expansion valve
mechanism associated with said first. intcmal heat
exchanger, said second expansion valve mechanism
regulating a flow amount of the refrigerani fiowing into
said first internal heat exchanger in response to Lhc
temperaiure of Lhc refrigerant ai a position upstream Lo

said first internal heat. exchanger;
said iirst pressure equalizing type expansion valve mecha-

nism having a P—T characterisiic curve such that a static
supcrhcat curve intersects a saLuraied first refrigerant
vapor curve when the temperature of the refrigerant at
the position upsueam of said external heal. exchanger is
relatively low;

said second pressure equalizing type expansion valve
mechanism having a P-T characteristic curve such that
a static superheat. curve generally extends parallel to a
saturated first refrigerant vapor curve.

2. The auiomotivc air conditioning system of claim 1
wherein said first expansion valve mechanism comprises a
thermo-sensing tube which senses the temperature of the
refrigerant at a position upsircam to said external heat
exchanger.

3. The automotive air conditioning system of claim 2
whcrcin said thermo-sensing Lube is charged with a refrig-
erant which is diffcrem from the refrigeranl in thc refrigerant
circuiu
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4. The automotive air conditioning system of clium 1

wherein said first expansion valve mechanism is an external
pressure equalizing type expansion valve mechanism.

g. The automoiive air conditioning system of claim 4
wherein said second expansion valve mechanism is an
external prcssure equalizing type expansion valve mecha-
nism

6. The automotive air conditioning system of claim 1
wherein said lirst expansion valve mechanism is an internal
pressure equalizing iypc expansion valve mechanism.

7. Thc automotive air conditioning system of claim 6
wherein said second expansion valve mechanism is an
intcmal pressure equalizing type expansion valve mecha-
nism.

8. The automotive air conditioning system of claim 1
where in said changeover means comprises a plurality of
clcctromagnetic valves.

9. The automotive air conditioning system oi claim 8
wherein one of said plurality of said clcctromagnetic valves
is opened to allow the refrigerant to flow into said first
internal heat exchanger when said external heat exchanger
and said first internal heat exchanger function as an evapo-
rator and said second internal heat exchanger i'unctions as a
condenser.

10. The automotive air conditioning system of claim 9
i'urthcr comprising a control means for controlling said one
of said plurality of electromagnetic valves so as to intermit-
tently allow the refrigerant to flow into said first internal heat
exchanger in response to the temperaiure oi Lhc air down-
siream of said first internal heat exchanger.

11. The automotive air conditioning system of claim 10
wherein said control means closes said one of said plurality
of electromagneiic valves as long as the temperature of the
air downstream of said first internal heai exchanger rises to
a first predetermined valve.

12. The automotive air conditioning system of claim 10
wherein said control means opens said onc of said plurality
of electromagnetic valves as long as the temperature of the
air downstream of said first internal heat. exchanger drops to
a second predetermined valve.

13. The automotive air conditioning system of claim 9
funher comprising a control means for controlling said onc
of said plurality of electromagnetic valves so as to intermit-
tently allow the refrigerant to flow into said first internal heat
exchanger in response to thc temperature of the air passing
though said first internal heat exchanger.

14. Thc automotive air condiiioning system of claim 9
further comprising a control means for controlling said onc
of said plurality of electromagnetic valves so as Lo intermit-
tently allow the rcfrigcrant to flow into said first internal heat
exchanger in response to thc pressure of the re&igerant at a
position upstream to said first internal heat exchanger.

15. The automotive air conditioning system of claim 9
further comprising a control means for controlling said one
ol'aid plurality of electromagneiic valves so as to intermit-
tently allow the refrigerant to flow into said first internal heat
exchanger in response to the temperature of thc rcfrigeram
at a posiuon upstream to said first internal heat exchanger.


