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1. 
My invention is concerned with refrigeration 

apparatus, relating especially to the control of 
flow of liquid refrigerant from the condenser 
to the evaporator in such apparatus. 

Broadly, the invention has for its object the 
provision of control, or “modulation,' of the ca 
pacity of an air conditioner, or other refrigera 
tion machine, in Such manner that temperature 
conditions within a desired range may be main 
tained throughout a rather wide range of ambient 
temperatures which may be encountered during 
operation of the machine. 
While, in its broader aspect, the invention has 

utility in a wide variety of refrigeration ma 
chines, the concepts of the invention are partic 
ularly useful as applied to room air conditioners. 
During operation of such air conditioners, par 
ticularly when utilized to condition the air. With 
in a bedroom during the cooler hours of the 
night, reduction in the heat load tends to cause 
the dry bulb temperature of the air circulating 
Within the room to drop below a desired, pre 
determined minimum value. Under Such condi 
tions it is desirable to control, or to "modulate,' 
the capacity of the machine in Such a Way as to 
maintain the desired temperature condition. 

It is known that the application of heat to 
the liquid line which includes the restrictor and 
interconnects the condenser and the evaporator, 
tends to result in gasification of liquid flowing 
in said line, with the result that the effective 
impedance of the restrictor is increased and the 
flow of liquid refrigerant into the evaporator is 
correspondingly retarded. It is with this class 
of apparatus that my invention is particularly 
concerned, it being an object of the invention 
to accomplish this purpose by the use of energy 
available within the refrigeration system and, 
more specifically, by controllably effecting heat 
exchange between the discharge line, which con 
nects the compressor with the condenser, and the 
said liquid line. 
In One aspect of the invention it is an object 

to initiate such heat exchange in response to 
reduction in the temperature of air cooled by 
ths evaporator. 
More specifically, my invention has as an ob 

ject the provision of simple, thermodynamically 
efficient apparatus for effecting such capacity 
modulation, such apparatus being characterized 
by the fact that it may if desired be merchandised 
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as an accessory and installed by servicemen, in 
the field, without disturbing the refrigeration cir 
cuit. 
To the foregoing general ends the invention 

contemplates the provision of refrigeration ap 
paratus, Such for example as air conditioning 
equipment, including a closed secondary refriger 
ation circuit having an evaporator portion dis 
posed in heat exchange relation with the dis 
charge line which interconnects the compressor 
and condenser, and a condenser portion dis 
posed in heat exchange relation with the liquid 
line Which includes the restrictor. in accord 
ance with the invention, flow of refrigerant with 
in the closed secondary circuit takes place under 
the control of valve means responsive to a re 
duction in the temperature of the evaporator, or 
of the air cooled by said evaporator, below a 
predetermined lower limit. 
The manner in which the foregoing and other 

objects and advantages of the invention may best 
be achieved will be clearly understood from a 
consideration of the following description, taken 
in conjunction with the accompanying drawing, 
in which: 

Figure 1 is a diagrammatic representation of 
an air conditioning or refrigeration machine em 
bodying the modulating apparatus of my inven 
tion; and, 

Figures 2 and 3 are fragmentary illustrations 
of other embodiments of the invention, mod 
ified as respects the point at which the con 
densing portion of the Secondary system is dis 
posed in heat exchange relation with the liquid 
line. 
Making more detailed reference to the drawing, 

there is diagrammatically illustrated in Figure 
1 an air conditioning or refrigeration system in 
cluding an evaporator and a condenser which may 
be of knoWin, finned coil type, these elements be 
ing shown, respectively, at 0 and . A compres 
sor 2 is connected with the condenser if through 
the agency of a discharge line 3, a liquid line 
f4, which includes a strainer 5 and a capillary 
type restrictor 6, providing for flow of liquid 
refrigerant from the condenser to the evapo 
rator 0. The refrigeration circuit is completed 
by a suction conduit through which heat 
laden, gaseous refrigerant passes from the evapo 
rator to the compressor. The normal operation of 
Such a System is well known, requiring no descrip 
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tion herein except insofar as the operation thereof 
is iodified by the novel heat exchanging means of 
the invention. 

In particular accordance with the invention, 
and as indicated above, neans is provided for 
Controlling the foW of refrigerant through the 
liquid line from the condenser to the evaporator, 
by effecting heat exchange between the discharge 
line 3 and the liquid line . This flow controi 
ling nearls comprises a closed Secondary refriger 
ation circuit, shown at 3, and which circuit in 
cludes an evaporator portion 9 disposed in high 
heat exchange relation. With the discharge line 
3, and a condenser portion 29 disposed in high 
heat exchange relation with the liquid line i. 
the necessary heat exchange may be easured gy 
closely associating, as by Soldering or the like, 
the evaporator and condense portions of the 
Secondary system with the said discharge and 
liquid lines, it being understood that, if desired, 
the heat exchange may be effected in other Ways 
familiar to those skilled in the art to which this 
invention appertains. 
While it is preferred to dispose the Secondary 

Condenser 2 in heat, exchange relation. With the 
liquid line in a region ahead of the entrance point, 
of the capillary restrictor S, in order that the 
gas formed in the liquid line may be fully effec 
tive in retarding the flow of refrigerant toward 
the evaporator, it will be evident that variation in 
location of this heat exchange point, may be made 
without departing from the primary concept of 
the invention. A Sillustrated in Figure 2, the Sec 
ondary condenser may connprise tubing 2 a. 
looped or Wound about the Straine 5, which ar 
rangement has certain Constructional adval 
tages and also results in very efficient transfer 
of heat from the secondary condense 23 to the 
liquid flowing in line A. Figure 3 illustrates, at 
20b, one way in which the secondary condenser 
may be disposed in heat exchange relation. With 
the capillary tube 6. 

Similarly, because of the relatively high ten 
perature of the Superheated gas ficwing through 
the discharge line, it is preferred to dispose the 
secondary evaporator portion 9 in heat gxchange 
relation with said liae. It is possible, however, 
to obtain a useful effect in accordance With the 
invention with this heat exchange located at 
some other point in the Systern. For example, the 
temperature of the refrigerant within the first 
loops of the condenser is appreciably higher 
than the temperature of the liquid flowing 23 St 
the condenser portion 23, and it is therefore poS 
sible to dispose the evaporator portion 9 in heat 
exchange relation with said first loops. The ii 
portant, requirement is that the evaporator poi'- 
tion of the Seconday Syster to be So disposed in 
the apparatus as to be Subjected to a tempera 
ture matelially above the tenerature of the 
liquid flowing through the line & and to which 
liquid the secondary condenser rejects heat. 

In each of the enoodinents illustrated, foW of 
refrigerant through the secondary circuit 8 
is controlled in accordance wifi the terneature 
of air flowing in heat exchange relation with the 
evaporator , and preferably in accordance with 
the temperature of said air as it flows toward and 
into contact with said evaporator. A control 
wave is shown at 2. As illustrated, both sides 
or legs of the secondary circuit pass through this 
valve structure, in order to ensure that Ciosing 
of the Wave will result in complete tensitation 
of flow within the secondary circuit. HOW&V8, 
for most purposes, it may be Sufficient to provide 
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A. 
a simpler type of valve disposed in one leg only 
of the secondary circuit. 
To ackieve control of the type aforesaid, the ap 

paratus is provided with a temperature-Sensitive 
SWitch device 22 responsive to the pressure of a 
vapoi'izacle fluid contained. Within a feeler ouib 
23, the latter being SO disposed as to respond to 
the temperature of the conditioned air as it flows 
into contact with the evaporator . When this 
tepeature has fallen to a predeternied lower 
value, such for example as 75° F., the switch de 
Vica is closed, with the result that the valving 
aparatus 2 , which preferably takes the form 
of a solenoid-actuated valve of a type now Well 
known, is opened, and flow of refrigerant through 
tha secondary circuit is established. While auto 
matic control of the secondary circuit is pref 
seabie, the invention also contemplates, in its 
broader aspect, use of other means Such for ex 
ample as a manually operable valve. Switch 
means providing independent, control of the comi 
pressir is illustrated diagrammatically at 2.É. 
When the apparatus is in operation, Sufficient 

reduction in temperature of the air fio Wing past 
the evaporator 8, that is, existence of the con 
dition which requires reduction of the cooling 
capacity of the machine, calises operation of 
the Switch device 22 and consequent opening Of 
the valve 2. There is of course a very Substan 
tial temperature difference between the Super 
in eated refrigerant passing through the discharge 
line 3 and the liquid flowing through line if, and 
heat, available in the Wayne refrigerant foWing 
through the discharge line causes Vaporization 
of the refrigerant contained in the evaporator 
portion of the Secondary circuit, Portion 9 is 
disposed at a level below that of conder Ser pol 
tion , in order that refrigerant Conde Sed in 
the atter portion may be returned by gravity 
to the evaporator Section. Waporizéd Secondary 
refrigeiant, idows upwardly through the condens 
ei portion 23, where the latent heat of vapori 
zation is given up to the liquid flowing through 
the line 4, thereby warning said liquid and, con 
Currently, returning the Secondary refrigerant to 
the liquid state. As indicated above, this transfer 
of heat, results is vaporization of at least a portion 
of the liquid refrigerant flowing through line is 
toward evaporator . Since a given liquid line 
and restrictor Will pass a very Sinai ailout of 
gaseois refrigerant, by Weighi, aS COI pared With 
the Weight of liquid refrigerant which may pass 
therethrough, the effective impedance of the 
restrictor is increased and the amount of liquid 
refrigerant fowing to the evaporator is corre 
Spondingly diminished. This reduction in flow 
of liquid, in turn, readers the evaporator less 
effective as a means for cooling the circulating 
air, and the condition of reduced foW of liquid 
toward the evaporator is aaintained until the 
air temperature reaches the upper imit of the 
control range of switch device 22. When the 
terriperature of the circulating air again rises 
Suficientiy, the SWitch device 22 recloses the valve 
2. The air temperature is maintained within a 
predetermined range by cyclic repetition of the 
described operation Oif the Seconday Syster, aid 
the temperature at which Said Seconday System 
coines into operation nay be readily varied by 
adjustment of the SWitch device 22. 
From the foregoing description it will be inder 

stood that the present invention provides ex 
tremely sinple and reliable apparatus for modul 
lating the capacity of a refrigeration machine. 
The apparats of the invention is particularly 
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characterized by high thermodynamic efficiency, 
and by the fact that the modulating equipment 
may be repaired or replaced without necessitating 
a service shut-down of the main system. 

I claim: 
1. Refrigeration apparatus comprising a series 

flow circuit having a high preSSure side and a low 
preSSure Side, and including: compressor, Con 
denser, restrictor and evaporator elements; a first 
portion of the high pressure side of Said circuit, 
Which portion includes said restrictor, having, in 
normal operation, warm liquid refrigerant flowing 
therethrough toward said evaporator, and a sec 
ond portion of the high pressure side of Said cir 
cuit having flowing therethrough refrigerant at 
a temperature substantially elevated as respects 
the temperature of Said Warm refrigerant; and 
heat exchange means for controlling the flow of 
liquid refrigerant from said condenser to said 
evaporator by effecting partial Wolatilization of 
Said warm liquid refrigerant, said last means com 
prising; a closed secondary refrigeration circuit 
having an evaporator Section disposed in heat ex 
change relation. With Said second portion and a 
condenser section disposed in heat eXchange re 
lation with said restrictor, and means for control 
ling the flow of refrigerant through Said Sec 
Ondary circuit. 

2. Refrigeration apparatus comprising a Series 
flow circuit having a high pressure side and a low 
pressure side, and including: compreSSOr, Con 
denser, strainer, restrictor and evaporator ele 
ments; a first portion of the high pressure side of 
said circuit, which portion includes said strainer, 
having, in normal operation, warm liquid re 
frigerant flowing therethrough toward Said evapo 
rator, and a second portion of the high preSSure 
side of Said circuit having flowing therethrough 
refrigerant at a temperature Substantially ele 
wated as respects the temperature of said Warm 
refrigerant; and heat eXchange means for Con 
trolling the flow of liquid refrigerant from said 
condenser to said evaporator by effecting partial 
volatilization of said warm liquid refrigerant, said 
last means comprising; a closed Secondary re 
frigeration circuit having an evaporator Section 
disposed in heat eXchange relation. With said sec 
Ond portion and a condenser Section disposed in 
heat exchange relation with Said strainer, and 
means for controlling the flow of refrigerant 
through said secondary circuit. 

3. Refrigeration apparatus comprising a Series 
flow circuit having a high pressure side and a low 
pressure side, and including: compressor, con 
denser, restrictor and evaporator elements; a first 
portion of the high pressure side of said circuit 
having, in normal operation, Warm liquid re 
frigerant flowing therethrough toward said evapo 
rator, and a second portion of the high pressure 
side of Said circuit having flowing therethrough 
refrigerant at a temperature substantially ele 
wated as respects the temperature of said Warm 
refrigerant; and heat exchange means for con 
trolling the flow of liquid refrigerant from said 
condenser to said evaporator by effecting partial 
volatilization of said warm liquid refrigerant, said 
last means comprising; a closed secondary re 
frigeration circuit having an evaporator section 
disposed in heat exchange relation. With said sec 
Ond portion and a condenser section disposed in 
heat exchange relation with said first portion, and 
means responsive to the temperature of air cooled 
by the evaporator to control the flow of refrigerant 
Within said secondary circuit. 

4. Refrigeration apparatus comprising a series 
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6 
flow circuit having a high pressure side and a 
low pressure Side, and including: compressor, Con 
denser, restrictor and evaporator elements; a first 
portion of the high preSSure Side of Said circuit, 
having, in norial operation, warn iiquid re 
frigerant flowing therethrough toward said evap 
Orator, and a Second portion of the high pressure 
Side of said circuit, having flowing therethrough 
refrigerant at a teiperature Substantially ele 
wated as respects the tenpeature of said War. 
refrigerant; heat exchange means for controlling 
the flow of liquid refrigerant from said condenser 
to said evaporator by effecting partial volatiliza 
tion of Said Warm liquid refrigerant, said last 
means comprising a closed Secondary refrigera 
tion circuit having an evaporator Section disposed 
in heat exchange relation with Said Second por 
tion and a condenser Section disposed in heat 
exchange relation with said first portion; and 
means including a valve disposed in Said Second 
ary circuit and operative to control the flow of 
Secondary refrigerant therethrough. 

5. Apparatus in accordance with claim 4, and 
further including temperature-responsive means 
for actuating Said valve. 

6. Refrigeration apparatus, comprising: Com 
pressor, condenser, and evaporator elements: 
Suction and feed conduit means connecting Sai 
elements in Series fioW circuit, said feed conduit 
means comprising a discharge line portion inter 
connecting said compressor and said condenser 
and a liquid line portion which includes a restrict 
or and through which liquid derived from said 
condenser flows toward and into said evaporator: 
and heat exchange means for controlling the flow 
of liquid refrigerant fron said condenser to said 
evaporator by effecting partial volatilization of 
said liquid refrigerant, said last means comprising 
a closed secondary refrigeration circuit having an 
evaporator section disposed in heat exchange rela 
tion with Said discharge line portion and a con 
denser Section disposed in heat exchange relation 
with Said liquid line portion. 

7. Refrigeration apparatus, comprising: com 
pressor, condenser, and evaporator elements: 
Suction and feed conduit means connecting said 
elements in series flow circuit, said feed conduit 
means comprising a discharge line portion inter 
connecting Said compressor and said condenser 
and a liquid line portion which includes a restric 
tor and through which liquid derived from said 
condenser flows toward and into said evaporator; 
and heat exchange means for controlling the flow 
Of liquid refrigerant from Said Condenser to said 
evaporator by effecting partial volatilization of 
Said liquid refrigerant, Said last means compris 
ing a closed secondary refrigeration circuit, hav 
ing an evaporator Section disposed in heat ex 
change relation. With Said discharge line portion 
and a condenser Section disposed in heat, ex 
change relation with Said liquid line portion, be 
tWeen Said condense and Said restrictor. 

8. Refrigeration apparatus, comprising: Con 
pressor, condenser, and evaporator elements; suc 
tion and feed conduit means connecting said ele 
ments in series flow circuit, said feed conduit 
means Comprising a discharge line portion inter 
connecting said compressor and said condenser 
and a liquid line portion which includes a re 
strictor and through which liquid derived from 
Said Condenser flows toward and into said evap 
orator; heat exchange means for controlling the 
flow of liquid refrigerant from said condenser to 
Said evaporator by effecting partial volatilization 
of said liquid refrigerant, Said last means com 
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prising a closed secondary refrigeration circuit 
having an evaporator section disposed in heat 
exchange relation with said discharge line por 
tion and a condenser Section disposed in heat ex 
change relation with said liquid line portion; and 
means including a valve disposed in said second 
ary circuit and operative to control the fow of 
Secondary refrigerant therethrough. 

9. Apparatus in accordance with claim 6, and 
further including means responsive to the tem 
perature of air Cooled by Said evaporator to con 
trol the flow of refrigerant within said secondary 
circuit. 
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10. Apparatus in accordance with claim 6, and 

further including a valve disposed in said second 
ary circuit and temperature-responsive means for 
actuating said valve to control the flow of re 
frigerant through said secondary circuit. 
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