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DEVICE FOR CONTROLLING COOLANT 
PRESSURE IN EVAPORATOR 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a coolant controlling device 

for use in an air conditioning apparatus, and more par 
ticularly to a mechanism for controlling a coolant pres 
sure in an evaporator. 

2. Description of the Prior Arts 
It is a recent trend to use an air-conditioning unit 

through all seasons. In case a cooling cycle is used in 

O 

a wide range of ambient temperatures, especially in a 15 
low temperature zone, there is experienced growth of 
frost or the freezing of moisture on an evaporator. Usu 
ally, the evaporator is so designed as to fulfil the satis 
factory cooling performance, even when a high level of 
heat load is applied thereto. Accordingly, in case the 
heat load becomes lower, for example, in case the am 
bient temperature becomes lower and only the dehu 
midification is desired, the coolant evaporating pres 
sure in the evaporator becomes lowered beyond the 
coolant controlling capability of the expansion valve. 
This brings about a phenomenon of the frozen outer 
surface of the evaporator, i.e., the growth of frost or a 
phenomenon that the coolant remains in the liquid 
state, thus incurring a risk of breaking various units of 
system, for example, a compressor of being broken. To 
avoid such a problem, it is required that the minimum 
evaporating pressure in the evaporator be set to a level 
at which no growth of frost arises, so as to cause evapo 
ration of the coolant usually at a pressure over the pre 
determined level. Hitherto, to prevent the freezing of 
an evaporator or the like, the coolant evaporating pres 
sure controlling device has been used. Such a coolant 
evaporating pressure controlling device, because it is 
independent of the other units of cooling system, pres 
ents various problems and difficulties in that there have 
to be provided various pipings for connecting the units, 
such as heat sensitive pipes, pressure-equalizing pipes 
or the like, resulting in the complicate construction, the 
leakage of gas, lowering of the efficiency in installation, 
and increase in the manufacturing cost as well as in a 
space required for the unit. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
device for controlling a coolant pressure in an evapora 
tor which is superior in ready maintainance and good 
accessibility. 
Another object of the present invention is to provide 

a device for controlling a coolant pressure in the evapo 
rator which is simple and easy in the maintenance and 
check. 
A further object of the present invention is to provide 

a device for controlling a coolant pressure in an evapo 
rator which is small in size and superior in the control 
ling capability. 
The present invention is directed to providing a pres 

sure controlling valve mechanically integral with a col 
lecting chamber leading to an outlet port of an evapo 
rator, said collector serving to collect the coolant from 
the evaporator. 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates a cooling system relating to the 

present invention; 
FIG. 2 is a longitudinal cross-sectional view illustrat 

ing an expansion valve and a pressure control valve of 
FIG. 1. 
FIG. 3 is a modification of FIG. 2. 
FIG. 4 is a plot representing heat load exerted on an 

evaporator and a characteristic of a diaphragm respon 
sive to temperature and pressure of a coolant within the 
evaporator. 
FIG. 5 is an enlarged view of a spindle of FIGS. 2 and 

3, and 
FIG. 6 is a further embodiment of the present inven 

tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The description will be given to preferred embodi 
ments of the present invention in conjunction with the 
accompanying drawings. 

Referring to FIG. 1 which shows an embodiment of 
a cooling system according to the present invention, 
shown at 1 is a compressor for compressing a coolant . 
into a gaseous coolant of high temperature and high 
pressure, at 2 is a condenser for cooling the gaseous 
coolant for liquidification, at 3 is a liquid receiver, in 
which the coolant is separated into gas and liquid, and 
at 4 is an expansion valve control portion in which the 
liquid coolant from the liquid receiver 3 is subjected to 
expansion to be fed to an evaporator 6. The coolant gas 
from the evaporator 6 returns via a pressure control 
valve portion 14 to the compressor 1 to control the 
pressure in the evaporator 6. 
The expansion valve control portion 4 and the pres 

sure control valve portion 14 are illustrated in detail in 
FIG. 2. Referring to the drawing, the expansion valve 
control portion 4 includes a distributor 7 for introduc 
ing the coolant from the expansion valve 5 into the 
evaporator 6, and a collector 8 for recovering same, 
said distributor 7 and collector 8 being constructed in 
tegrally with each other. The collector 8 is partitioned 
by an expansion-valve actuating diaphragm 12 into a 
primary chamber 9 (a heat sensitive chamber) and a 
secondary chamber 10, both of which are communi 
cated with each other by way of a connecting pipe 11 
provided in a body proper of the device. The aforesaid 
expansion-valve actuating diaphragm is provided 
therein with a heat sensitive member 20 which is seal 
ingly filled therein, with its secondary chamber side 
being communicated by way of a connecting rod 13 
with a valve body, such as a ball valve of the expansion 
valve 5. The expansion valve 5 is so adapted as to con 
trol aflow rate of coolant from the liquid receiver 3 and 
to be closed by means of a spring or the like when the 
pressure in the primary chamber 9 becomes low. 
The pressure control valve portion 14 includes a 

valve body 19 and a spindle 15, a bellows 16, a spring 
17 and an adjusting screw 18. 
Referring to the relationship of the pressure set by 

the adjusting means, which includes the aforesaid 
spring 17 and adjusting screw 18, to the pressure in the 
primary chamber 9, if the pressure in the primary 
chamber 9 relatively increases, the spindle 15 is forced 
downwardly, thereby bringing an outlet port 21 of pres 
sure control valve portion 14 into communication with 
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the primary chamber 9. Accordingly, the pressure in 
the evaporator 6 may be maintained at a level above 
the pressure which has been set by said adjusting 

CalS. 

With the provisions described, the coolant gas of high 
pressure and high temperature from the compressor 1 
is cooled in the condenser 2 to a liquid state then intro 
duced into the liquid receiver 3, followed by the abrupt 
pressure-reduction in the expansion valve 5, then heat 
exchanged in the evaporator 6, and then returned by 
way of the pressure control valve portion 14 into the 
compressor 1. However, with the drop in the ambient 
temperature, the coolant evaporating pressure in the 
evaporator 6 will be decreased to a large extent result 
ing in the breakage of the cooling system due to freez 
ing or the like. To avoid this drawback, the coolant, in 
the embodiment described, is introduced from the liq 
uid receiver 3 into the expansion valve control portion 
4 as well as the pressure control valve portion 14 which 
are provided integrally with each other. In detail, the 
expansion valve 5 in the expansion valve control por 
tion 4 is so designed as to open or close its valve body, 
such as a ball, by means of the connecting rod 13, de 
pending upon the pressure difference between the in 
ternal pressure which varies according to the change in 
temperature of heat sensitive member 20 sealingly 
filled in the diaphragm 12, which change is caused due 
to the coolant introduced in the collector 8 from the 
evaporator 6, and the pressure in the secondary cham 
ber 10 of the collector 8 which is communicated by 
way of the communicating passage 11 with the primary 
chamber 9 thereof. Thus, the coolant may be intro 
duced in a proper amount accordingly, so that the 
breakage in the cooling system or reduction in the per 
formance thereof due to freezing may be avoided, with 
the result of the stable performance. Furthermore, the 
coolant collector 8 and the pressure control valve por 
tion 14 are provided integrally with each other, with 
the pressure of the coolant in the collector 8 being ex 
erted on the side of spindle 15 of the bellows 16, so that 
the movement of the spindle 15 may be controlled by 
ballancing the pressure in the collector 8 and the spring 
force of spring 17, thereby controlling the flow rate of 
coolant, thus controlling the internal pressure in the 
evaporator 6. It is natural that the critical pressure may 
be set up by exerting the spring pressure on the bellows 
16 by turning the adjusting screw 18. Now, suppose 
that a letter A represents the effective area of bellows 
16, K the spring constant of spring 17, P the gas pres 
sure sealingly filled in the heat sensitive chamber 20 of 
the expansion valve portion 4, F the spring pressure at 
the time of set up, and AL the torsion of the spring dur 
ing its operation (the movement of the spindle), then 
an equation PX A = F + Kx AL will be obtained, in 
which the critical pressure is obtained as AL = 0, and 
then P = FIA. This pressure can be utilized as the value 
for avoiding the frosting. Thus, the heater portion of 
the evaporator 6 is used as a part of the expansion valve 
portion 4 and pressure control valve portion 14, so that 
the construction of the control system may be rendered 
simple and compact. In this case, if the pressure control 
valve portion 14 may be integrally formed under the 
collector 8, considering the fluidity of the internal liq 
uid within the expansion valve control portion 4 and 
pressure control valve portion 14, then the circulation 
of the coolant to the compressor will be facilitated, 
without causing a trouble in the compressor due to oil 
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4 
shortage. In addition, this brings about another advan 
tage that no oil return passage is required, although 
such a passage is essential where the expansion valve 
control portion 4 and the constant pressure control 
valve portion 14 are separately provided, and that no 
oil sump is required in the piping. 

FIG. 3 shows a modification of the device of FIG. 2. 
This is discriminative from FIG. 2 in that a communi 
cating passage 11 is provided in the body proper 19 of 
the device, which comprises the expansion valve con 
trol mechanism and pressure control valve mechanism, 
in a manner to communicate the secondary chamber 
10 of collector 8 with the outlet port 21 of pressure 
control valve, and the actuation of the expansion valve 
5 is effected by a pressure difference caused between 
the aforesaid output port 21 of pressure control valve 
(the pressure in the secondary chamber 10) and the di 
aphragm portion. This is most advantageous where the 
characteristics in the heat sensitive members of dia 
phragm and that of the secondary pressure portion do 
not present the equilibrium in temperature and pressure 
such as shown in FIG. 4. In FIG. 4, Pe is representative 
of the secondary pressure in the diaphragm, Pt a heat 
sensitive pressure in the diaphragm, Q a heat load in 
the evaporator 6, and AP a critical pressure difference, 
and if the pressure difference becomes larger than the 
critical pressure difference, then the expansion valve 5 
is brought into its fully open position. In the device of 
FIG. 2, it is required that the valve rod of expansion 
valve 5 be forced downwardly so as to keep opening the 
orifice by overcoming the evaporating pressure, i.e., 
the critical pressure, or the pressure control valve pres 
sure. On the other hand, in the device of FIG. 3, since 
the pressure lower than the pressure of the low pressure 
control valve acts on the diaphragm, the relationship as 
plotted in FIG. 4 is not required in a strict sense. Ac 
cordingly, if the controlling valve actuating range is set 
to a point just above the critical freezing point, no ac 
curate control means is required, and thus the ready 
manufacture of the control valve will result. 
In FIG. 4, represented by Pe is the secondary pres 

sure of the coolant, which is the pressure in the secon 
dary chamber 10 of FIGS. 2 and 3. Represented by Pt 
is the pressure corresponding to the change in the cool 
ant temperature in the primary chamber 9 or the col 
lector 8. As the pressure in the evaporator decreases, 
the pressure in the secondary chamber 10 decreases, 
thereby opening the expansion valve. With the temper 
ature drop, the expansion valve will be closed. The 
aforesaid pressure Pe and Ptact on the expansion valve 
in a manner that the pressure Pt acts to open the valve 
and the pressure Pe acts to close the valve. Accord 
ingly, the pressure difference AP between Pt and Pe 
may be referred to as an open angle of the expansion 
valve. When the heat load is decreased to less than Q1, 
in other words, when ambient temperature is dropped, 
the pressure control valve will be brought into actua 
tion. By the action of the pressure control valve, the 
pressure Pe remains at a given pressure level. Depend 
ing upon the operational conditions, the pressures Pt 
and Pe will have a close access to each other. At this 
time, hunting may occure, with the accompanying vi 
bration of the constant pressure controlling valve. To 
avoid such a phenomenon, the difference between Pt 
and Pe should be large. It is preferable from this view 
point that the outlet port 21 of pressure control valve 
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be communicated with the secondary chamber 10 as 
shown in FIG. 3. 

FIG. 5 is an enlarged view of the spindle 15 of FIGS. 
2 and 3. The spindle 15 has a cylindrical bore 30 pro 
vided centrally thereof and communicating by way of 5 
orifices 31 with space 33. The pressure of coolant is 
transmitted through said orifices, via the outside of a 
flange 35 serving as a resistor, and via the outside of a 
stopper 37 or through a cut-away portion 39, and even 
tually to the bellows 16. The reason why the pressure 
of the coolant introduced in the collector 8 from the 
evaporator is applied via the resistor means to the bel 
lows 16 is that the bellows 16 may be controlled for its 
responsiveness, and the vibration of the spindle 15 may 
be prevented. 
FIG. 6 illustrates a further embodiment of the present 

invention. In this embodiment, the expansion valve 
control portion is provided independently, likewise in 
the conventional device, while the collector 8 for col 
lecting the coolant from the evaporator and the pres 
sure control valve portion 14 are formed integrally with 
each other. Such a construction is also advantageous 
from the viewpoint of performance. The efficacy of the 
device will be greatly increased by providing the expan 
sion valve integrally with the pressure control valve 
portion, as shown in FIGS. 2 or 3. In FIG. 6, the distrib 
utors for supplying the coolant to the expansion valve 
and the evaporator are separately provided one from 
another. The spindle 15 is the same in construction as 
that of FIG. S. 
Although the expansion valve and the pressure con 

trol valve in FIGS. 2 and 3 are formed integrally, it is 
recommendable that the manufacture and the testing 
be individually carried out, after which those members 
be assembled together, with mechanical sealing rings 
being interposed therebetween for preventing the leak 
age of the coolant therefrom. 
What is claimed is: 
1. A pressure control valve for: 
a cooling system having, 
a compressor for compressing a coolant, 
a condenser for condensing the coolant compressed 

in said compressor into a liquid, 
a liquid receiver for separating the coolant from the 
condenser into liquid and gas, 

an expansion valve for subjecting the liquid coolant 
from the liquid receiver to expansion, 

an evaporator for causing heat-exchange between 
coolant gas from the expansion valve and air, 

a pressure control valve for maintaining the pressure 
in the evaporator at a level higher than a predeter 
mined level, and 

means for returning the coolant gas from said pres 
sure control valve to the compressor; characterized 
by that 

said evaporator includes a plurality of coolant gas 
passages arranged in parallel and a collector for 
collecting the coolant flowing through said plural 
ity of the coolant gas passages; 

a housing mechanically connected with said collec 
tor, 

a biasing means provided in said housing, said biasing 
means having one side, to which is exerted the gas 
pressure in the collector; 

a spring for exerting a force on the other side of said 
biasing means; 
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6 
an adjusting screw for adjusting the pressure of the 

spring, and 
a valve means provided between the collector and 
the means for returning the coolant to the com 
pressor and having an opening capable for varying 
its size. 

2. A pressure control valve as defined in claim 1, 
wherein said valve means has a substantially cylindrical 
bore communicating with said collector, and a substan 
tially cylindrical movable means retained within said 
cylindrical bore and adapted to be moved by said bias 
ing means; 

said substantially cylindrical bore communicating 
with said collector and having a diametrically en 
larged space at a predetermined distance apart 
from said collector; 

an exit port provided through said housing so as to 
communicate to said diametrically enlarged por 
tion for discharging the coolant gas; 

said movable means actuated by said biasing means 
being provided with a notched portion near to the 
collector; 

whereby said ports is brought into communication by 
way of said notched portions when said movable 
means is urged under the pressure in the collector 
towards said spring. 

3. A pressure control valve as defined in claim 2, 
wherein said biasing means being adapted to air-tightly 
seal a portion between said substantially cylindrical 
movable means and said spring so as not to cause a 
leakage of gas, and said movable means is provided 
with a cylindrical inner bore, through which the gas 
pressure in said collector is exerted on the side of mov 
able means of said biasing means. 

4. A pressure control valve as defined in claim 3, 
wherein said spring urging at its one end thereof said 
biasing means to the side of collector and being re 
tained at the other end by the adjusting screw provided 
in the housing, said spring being changable in length 
due to rotation of said adjusting screw. 

5. A pressure controlling valve as defined in claim 4, 
wherein a diaphragm is provided in said collector 
chamber, said diaphragm having one surface, to which 
is applied the pressure in the collector chamber and the 
other surface, to which is applied the pressure in the 
collector by way of a passage having a large resistance, 
said diaphragm holding the gas or liquid expansible 
with the temperature rise, and controlling the expan 
sion valve by biasing the other surface of the dia 
phragm. 

6. A pressure control valve as defined in claim 5, 
wherein said biasing means indudes a bellows, and a 
passage communicating said bellows with said collector 
having a cylindrical central bore provided in the center 
of said movable means and, a resistive passage crossing 
said movable means and formed between said movable 
means and an inner wall of said cylindrical bore of said 
housing which is adjacent to the bellows. 

7. A pressure control valve as defined in claim 4, 
wherein one side of said diaphragm constituting a wall 
of the collecting chamber and the other side thereof 
constituting a wall of other space, and other space 
being communicated by way of passages with an outlet 
port of said pressure control valve. 

8. A pressure control valve as defined in claim 6, 
wherein said biasing means consists of a bellows, and 
a passage communicating the bellows with the collect 
ing chamber having a cylindrical central bore provided 
in the movable means, and a resistive passage crossing 
said movable means and formed between said movable 
means and an inner wall of said cylindrical bore of said 
housing which is adjacent to the bellows. 
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