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57 ABSTRACT 
An air conditioning system comprising a compressor, 
condenser, and evaporator includes a refrigerant by 
pass line for passing a portion of the heat laden high 
pressure refrigerant from the compressor output into 
the lower heat level reduced pressure refrigerant fed 
to the evaporator or the suction line of the compres 
sor. A valve in the bypass line monitors the flow of the 
bypassed refrigerant as a function of room tempera 
ture to thereby continuously modulate the thermal ca 
pacity of the system in order to maintain room tem 
perature relatively constant. 

1 Claim, 4 Drawing Figures 
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3,791, 160 
AIR CONDITIONING SYSTEM WITH 

TEMPERATURE RESPONSIVE CONTROLS 

The present invention relates to air conditioning sys 
tems, and, more particularly, to an air conditioner for 
maintaining the controlled temperature relatively con 
stant without intermittent starting and stopping of the 
compressor. 
Standard refrigeration air conditioners include an 

evaporator, compressor, and condenser. The compres 
sor pumps a heat laden refrigerant under pressure to 
the condenser where the space heat and heat of com 
pression are rejected to the outside. The resulting high 
pressure but lower heat level liquid refrigerant from the 
output of the condenser is fed through suitable pressure 
reducing means to the evaporator. The air which is to 
be cooled is blown across the coils containing the evap 
orated refrigerant causing heat to be transferred from 
the air to the refrigerant. The low-pressure heat laden 
refrigerant from the evaporator is then returned to the 
compressor to close the cycle. 
This type of air conditioning system is used in air con 

ditioning units of all types. Since the system must be ca 
pable of cooling the occupied space to a comfortable 
temperature during extreme high outdoor temperature 
conditions, it is necessary to include adequate tempera 
ture control so that under less than extreme conditions, 
the room will not be uncomfortably cold. 
Temperature control in air conditioners is usually 

provided by turning the compressor on and off in re 
sponse to a sensed temperature condition. This is usu 
ally accomplished by a thermostatic switch responsive 
to space temperature, but can also be done manually. 
However, from a practical viewpoint, this type of con 
trol has serious drawbacks since, if the compressor is 
off for extended periods of time, room humidity may 
rise to an uncomfortable level. If the user, in attempting 
to compensate for this drawback, reduces the thermo 
stat setting, the occupants are likely to become uncom 
fortably cold and, moreover, the coils of the evaporator 
may freeze resulting in nearly complete loss of cooling. 
In addition, typical small unitary air conditioners use 
thermostats which are insensitive enough to permit 
space temperatures to vary by plus or minus 2 F, or 
even 3 F. Consequently, for the majority of environ 
mental conditions encountered, optimum comfort can 
not be achieved either because of the excess humidity 
or the low temperature. Moreover, the required inter 
mittent compressor operation materially reduces the 
operating life of the compressor. 
The present invention provides an air conditioning 

system of the type used, for example, in small unitary 
air conditioners, which provides the desired tempera 
ture control without the foregoing disadvantages. Basi 
cally, this is done by modulating the thermal capacity 
of the air conditioner so that the compressor runs at all 
times to provide continuous humidity contol. Capacity 
modulation is achieved by bypassing a suitable amount 
of the heat laden high-pressure uncondensed refriger 
ant around the condenser, and mixing the bypassed re 
frigerant with normal lower heat level cooling refriger 
ant at the inlet of the evaporator. The bypass line in 
cludes a valve which is responsive to room temperature 
to control the amount of bypassed refrigerant. Thus, a 
controlled amount of the heat removed from the space 
is recycled, and only the remaining portion of the heat 
removed is rejected from the system completely (in the 
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2 
condenser). In this way, only that amount of heat re 
quired to maintain the desired space temperature is ac 
tually rejected from the air conditioning system. 
The invention is described in detail below with refer 

ence to the attached drawings wherein 
FIG. 1 is a diagrammatic illustration of a preferred 

embodiment of the invention; and 
FIG. 2 is a side sectional view showing the construc 

tion of a preferred form of the refrigerant bypass valve. 
FIG. 3A is a graphic illustration of air temperature 

variations for air conditioning unit using standard ther 
mostatic 'on-off' controls. 
FIG. 3B is a graphic illustration of air temperature 

variations for an air conditioner using the capacity 
modulation means of the invention. 
The preferred embodiment of the invention was de 

signed specifically for use in a small unitary air condi 
tioner and, in the following, reference is made to a 
small unitary air conditioner for purposes of explana 
tion. The principles of the invention are equally appli 
cable to central air conditioning systems and other non 
unitary air conditioners. 

In FIG. 1, the basic system is shown including a com 
pressor 10, a condenser 12 and an evaporator 14. Since 
these elements are all well-known, they are shown only 
in diagrammatic form. Also, as is common, the output 
of compressor 10 is connected to the input of con 
denser 12 by a high-pressure line 16. The refrigerant is 
passed from condenser 12 to evaporator 14 through a 
high-pressure line 18 which contains a refrigerant flow 
control means 20. The liquid refrigerant from con 
denser 12 is under high pressure because of compressor 
10 and flow control 20 (e.g., a flow restrictor) reduces 
the pressure of the liquid so that it will evaporate in 
evaporator 14. The low-pressure gaseous refrigerant 
from evaporator 14 is returned to compressor 10 
through a suction line 21. 
A fan (not shown) is used to blow the outside air 

across the coils of condenser 12. The heat of the con 
densed refrigerant within condenser 12 is transferred to 
this airstream which is then exhausted to the outside. 
A second fan or blower (not shown) pulls the room air 
across the evaporator coils which have been cooled by 
the evaporated refrigerant and recirculates the room 
air at substantially reduced temperature. 
The operation of the system as described to this point 

is standard. Such systems, for example, may be capable 
of maintaining a room at 80° F when the outside air 
temperature is 95° F. If the outside temperature drops 
to, say, 85 F, the temperature of the room would be 
come uncomfortably cold. As described above, satis 
factory temperature and humidity control cannot be 
provided by merely shutting off the compressor 10 
when the room air temperature drops below a prese 
lected level. However, in accordance with the inven 
tion, compressor 10 can be kept on by selectively by 
passing a predetermined amount of the heat laden un 
condensed refrigerant (dependent upon room tempera 
ture) around condenser 12. For this purpose, an inlet 
bypass line 30 is connected directly from one of the 
first tube end turns of condenser 12 to a bypass valve 
32. The outlet of bypass valve 32 is coupled by an out 
let bypass line 34 to the inlet side of evaporator 14 as 
shown diagrammatically in FIG. 1. 
The construction of valve 32 is explained in detail 

below in connection with FIG. 2. In its preferred em 
bodiment, is is electrically operated in response to 
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room temperature as sensed by a probe 36. Where the 
invention is used in a small unitary air conditioner, the 
probe 36 may be positioned on the housing at a point 
which is at the approximate temperature of the space. 
Probe 36 may comprise a thermistor which is con 
nected in a circuit including a signal converter 38 and 
a transformer 40 responsive to line voltage. The electri 
cal output of the signal converter 38 is coupled by con 
ductors 42 to valve 32 to maintain the valve in a condi 
tion dependent upon the space temperature. Thus, as 
room temperature decreases (or increases) the valve 
32 is opened (or closed) to feed a controlled quantity 
of the heat laden high-pressure refrigerant directly into 
the inlet side of evaporator 14. A manual control 39 
may be used by the occupant to vary the space temper 
ature at which capacity modulation by bypassing will 
begin. Consequently, evaporation of the low-pressure 
liquid refrigerant in the evaporator is reduced (in 
creased) and the temperature exchange between the 
room return air and the colder evaporator coils is re 
duced (increased). 
As an example, under typical conditions, a room air 

conditioner operating at full capacity (i.e., with valve 
32 closed) may be capable of reducing the space tem 
perature to 77 F when outside air temperature is 93 
F. The return air blown across the evaporator coil may, 
for example, be cooled 20° F (to about 57 F) under 
these circumstances. With the manual adjustment 
means 39 of the signal converter 38 set so that bypass 
ing begins when the space temperature drops to 77 F, 
the following sequence takes place. A reduction in out 
side air temperature (say to 86°F) will result in a signal 
from the converter 38 which will cause the valve 32 to 
open partially. During this adjustment, the space tem 
perature will drop to about 76 F, so the resulting dis 
charge air temperature will be 61 F. Valve 32, in its 
partially open state, may cause the room return air to 
be cooled by only 15 F. If outside air temperature fur 
ther drops to a temperature corresponding to the mini 
mum load to which the valve 32 can adjust (say 78 F), 
the probe 36 may cause the valve 32 to open entirely 
permitting the space temperature to drop to 75 F. In 
this case the space return air will only be cooled 10 F 
with resulting discharge air temperature at about 65 F. 
Hence, in this hypothetical example, for a range of out 
side air temperature between 93 and 78 F, room tem 
perature is maintained at a relatively constant range of 
77-75° F and discharge air temperature will actually 
rise from 57 and 65 F. Furthermore, the space will be 
continuously dehumidified in view of the continuous 
compressor operation. Accordingly, occupants of the 
room will detect no uncomfortable temperature or hu 
midity changes despite the relatively wide variation of 
outside temperature. 
The improvement provided by the invention is graph 

ically depicted in FIGS. 3A and 3B. FIG. 3A shows typ 
ical performance characteristics of an air conditioning 
system in which temperature is controlled by turning 
the compressor on and off. As the outside air tempera 
ture decreases the room air temperature continuously 
fluctuates, and the intervals during which the compres 
sor is off increase. During such intervals room humidity 
is not effectively controlled. With the invention, as 
shown in FIG. 3B, room air temperature variations are 
minimal since the average temperature of the discharge 
air increases gradually with decreasing environmental 
or outside air temperature. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
Compressor 10 is operated directly from the line 

voltage which is also coupled to the primary winding of 
transformer 40. A temperature switch 44 may be seri 
ous-connected in one of the lines to compressor 10. 
This switch may operate on the suction line 21 to stop 
the compressor in the event of extremely low loads, 
which are beyond the bypassing capacity of valve 32, 
before evaporator coil freeze-up can occur. Alterna 
tively, this function may be provided by a relay oper 
ated directly from the signal converter 38 in the event 
room air temperature drops below, for example, 65 F. 
Such protection means would not operate for the pur 
pose of maintaining room temperature at a desired 
level but simply as a means for preventing evaporator 
coil freeze-up. Other means such as a suction pressure 
regulator in line 21 may be used to prevent evaporator 
coil freeze-up under extreme conditions. These protec 
tion means would only be operable where the bypass 
valve, in its fully opened condition, does not reduce the 
system capacity sufficiently, in which case continuous 
cooling may cause over-cooling or coil freeze-up. In 
practice, where the bypass valve 32 is capable of reduc 
ing the unit capacity by 50-60 percent, it is likely that 
the space occupant will manually turn off the unit be 
fore the protection means need be actuated. 
FIG.2 shows, in cross-sectional form, a preferred 

embodiment of valve 32. The valve includes a housing 
50 in which an electrical heater element 52 (shown dia 
grammatically) is suitably positioned. The heater 52 is 
connected to line 42 from converter 38. Converter 38 
transmits to valve 32 a voltage inversely proportional 
to the space temperature sensed by the probe 36. The 
lower the space temperature, the higher the voltage 
transmitted to heater 52 and vice versa. Converter 38 
is equipped with a manual control 39 by means of 
which the magnitude of the voltage transmitted by 38 
for a given sensed space temperature may be varied. 
Thus control 39 provides the occupant with a means of 
adjusting the space temperature to his needs. A cylin 
der 54 extends downwardly from the upper housing 50. 
A bi-metal element 56 is secured within housing 50 and 
will flex upwardly as its temperature increases and vice 
versa. In practice the coils comprising heater 52 may 
surround bi-metal element 56. A valve stem 58 includ 
ing a lower valve plug 59 is rigidly attached to the bi 
metal element 56. A fixed valve seat 60 which mates 
with the movable valve plug 59 is attached to the inside 
of valve housing cylinder 54. The bypass inlet 32 and 
outlet 34 are connected to the cylinder 54 as shown so 
that the position of valve plug 59 relative to valve seat 
60 determines the amount of heat laden bypassed re 
frigerant gas passed to the evaporator 14. Besides me 
tering the flow of bypassed refrigerant, the constriction 
provided by plug 59 and valve seat 60 allows for the re 
duction of the pressure of the heat laden uncondensed 
refrigerant in the bypass line to that existing in the 
evaporator 14. 

In use, the occupant of the space to be cooled sets 
control 39 on the signal converter 38 to a desired point. 
This setting of control 39 determines the voltage trans 
mitted to heater 52 for a given space temperature. An 
increase (decrease) in voltage to heater 52 increases 
(decreases) the heating rate and raises (lowers) the 
temperature of the bi-metal element 56, causing 56 to 
flex upward (downward). This in turn causes valve plug 
59 to move upward (downward) away from (closer to) 
valve seat 60. As space temperature decreases (in 
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creases) heater 52 causes the bi-metal element 56 to 
flex upwardly (downwardly) thus opening (closing) 
valve seat 60 to increase (decrease) the flow of by 
passed heat laden refrigerant between lines 32 and 34. 
Although a preferred embodiment of the invention 

has been illustrated, numerous modifications thereof 
are contemplated within the scope of the invention. For 
example, the gas bypass line 34 may enter the low 
pressure line 21 to compressor 10 so long as superheat 
ing of the suction gas is held within practical limits. 

Similarly, although the preferred location for the 
inlet bypass line 30 is after the first tube pass as shown 
diagrammatically in FIG. 1, it is possible that this line 
may be coupled directly into the high-pressure gas dis 
charge line 16 from compressor 10. 
Also, the construction of valve 32 and the entire tem 

perature sensing means may be varied considerably 
within the scope of the invention. In the preferred em 
bodiment bypass valve 32 was a modified version of an 
electric expansion valve sold by Controls Company of 
America. With this type of valve, the signal converter 
could be electrical, electromagnetic, pneumatic 
electric, electromechanical or any other adequate type. 
Moreover, the bypass valve does not have to be electri 
cally operated and, for example, may be actuated by 
mechanical or pneumatic means. 

It is further contemplated that a second temperature 
sensing probe 70 may be used to monitor outside air 
temperature. The signal from this second probe may be 
used to vary the space temperature set point of the sig 
nal converter 38 to provide automatic control of the 
outside-to-inside air temperature difference or to apply 
to anticipatory bypass effect in the event outside air 
temperatures vary rapidly. 
We claim: 
1. In an air conditioning system including a compres 

sor, condenser, and evaporator wherein the compres 
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6 
sor provides a heat laden refrigerant under relatively 
high pressure to the condenser which rejects heat from 
and condenses the refrigerant so that lower heat level 
liquid refrigerant can be supplied to the evaporator, 
there being a refrigerant flow control valve between the 
condenser outlet and evaporator inlet to reduce the 
pressure of the refrigerant fed to the evaporator, the 
improvement comprising 
a refrigerant bypass line for passing the heat laden 
high-pressure refrigerant from the compressor out 
put into the reduced-pressure lower heat level re 
frigerant between said flow control and the inlet to 
said compressor, 

a bypass valve in said bypass line for controlling the 
flow of said heat laden rerigerant in said bypass 
line, said valve including a bimetallic element and 
an electrical heating element for flexing said bime 
tallic element, 

a temperature responsive probe arranged outside of 
the direct flow of air across the evaporator and re 
sponsive to the room temperature of the space to 
be cooled, 

means for coupling an electrical signal from said tem 
perature responsive probe to said electrical heating 
element for controlling the condition of said valve 
to vary the temperature of the discharge air flowing 
across the evaporator to maintain said room tem 
perature at a preselected level by varying the ther 
mal capacity of the air conditioner, 

a second temperature responsive probe responsive to 
the temperature of the outside air, and 

means responsive to said second temperature respon 
sive probe for varying the magnitude of the voltage 
applied to said heating element by said first-named 
temperature responsive probe. 
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