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1. 

This invention has to do with apparatus for 
low temperature refrigeration and it is a general 
object of the invention to provide apparatus that 
is effective and dependable for obtaining and 
raintaining temperatures well below those Ob 
tainable with ordinary or conventional refriger 
atting equipment. 
Where very low temperatures are desired it is 

common to provide refrigerating Systerns in Which 
compressors are compounded and heretofore at 
tempts have been inade to utilize the compressed 
rerfigerant, through refrigerating units similar 
to those ordinarily emp'oyed in refrigeration and 
characterized by an expansion waive thermally 
controlled and supplying a coil, or the like. It 
has been found that such equipment does not 
always operate satisfactorily since the expansion 
valves, as ordinarily controlled, are not sufi 
ciently sensitive to varying conditions, and as a 
result the coils become starved for refrigerant 
aid the temperatures obtained fluctuate. 

It is a general object of this invention to pro 
wide refrigerating apparatus in which a refrig 
erating unit is supplied with compressed refrig 
erant and involves an expansion valve that may 2 
be therinally controlled in the maininei common 
to refrigerating apparatus and in which a sup 
plemental Supply of refrigerant is provided in 
Such a nannel as to overcome or to avoid Stairving 
of the refrigerant unit as occurs when the expan 
sion valve alone is relied upon for refrigerant. 
A further object of the invention is to provide 

apparatus of the general character referred to 
in which control for the supplemental or auxili 
alry Supply of refrigerant is responsive to coindi 
tions prevailing in the system or apparatus at 
a point where substantial fluctuations occur, to 
the end that it is possible to maintain uniform. 
operation. 

in the apparatus provided by the present in 
vexation a unit is provided to utilize compressed 
refrigeraint, and ray serve to chill a chest or 
the like. The Ynit may involve an expansion 
valve and a coil, or like element, utilizing the 
refrigerant, and further, it may include a ther 
inal cointrol regulating or operating the expansion 
walve. The systein as provided by the invention 
further includes multiple compressors, for ex 
ample, a low pressure compressor and a high 
pressure compressor connected by a refrigerant 
foW line and in accordance With conventional 
practice the outlet from the high pressure com 
pressor, is delivered to a heat exchanger from 
which the 'erfigerant passes to a receiver. The 
receiver delivers the compressed refrigerant to 
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a Supply line which extends to and supplies the 
expansion Valve of the refrigerating unit. A 
thermally controlled bypass is provided, utilizing 
refrigerant from the supply line to cool the re 
frigerant flowing between the compressors. The 
invention provides an auxiliary control for the 
refrigerating unit responsive to pressure condi 
tions prevailing in the system where refrigerant 
is under pressure, preferably between the com 
pressors. The auxiliary control involves, gen 
erally, a bypass connection between the supply 
line and the intake of the coil, which connection 
bypasses the expansion valve. A control valve 
is provided in the bypass and a flow control or 
retarding device is connected in Series With the 
control Valve. A control means for the control 
Wave preferably includes a thermally responsive 
unit in the area, or chest being cooled, operating 
to regulate an operating circuit that extends to 
a notor that operates a variable contact in a 
contact mechanism operated in response to pres 
Sure in the refrigerant flow line that occurs be 
tween the compressors. The motoi" varies the 
Setting of the contact mechanism under predeter 
mined conditions. The contact mechanism con 
trois a circuit to an Operating unit, that, causes 
operation of the valve in the bypass. 
The various objects and features of our inven 

tion will be fully understood from the following 
detailed description of a typical preferred form 
and application of the invention, throughout, 
which description reference is made to the ac 
COrthpanying drawings, in which: 

Fig. 1 is a general diagrain illustrating appara 
tliS embodying the invention. Fig. 2 is an en 
larged diagrammatic view of the thernally re 
Sponsive unit that may occur in the chest or 
refrigerated area, and Fig. 3 is a diagranimatic 
view illustrating the relationship of the rotor, 
the adjustable Switch mechanism, and the pres 
sure responsive unit that operates the switch 
inechanisin. 
The apparatus, as illustrated in the drawings, 

involves, generally, a unit A handling coln pressed 
refrigerant, which unit may be related to an area, 
or structure to be refrigerated. In the case illus 
trated it is shown related to a chest B and it is 
shown involving, generally, an expansion valve 
ft), a coil in the chest B and a control means 
2 thermally related to the other elements just 
mentioned and Serving to operate the expansion 
valves. The apparatus further involves a pri 
mary or low pressure compressor C, a secondary 
or high pressure compressor D, and a refrigerant 
flow line E conducting compressed refrigerant 
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from compressor C to compressor D. A delivery 
line F conducts finally compressed refrigerant 
from compressor D to a heat exchanger H and 
the heat exchanger H delivers the refrigerant to 
a receiver J. The receiver supplies refrigeraint 
to a Supply line X that conducts the refrigerant 
to the unit A Where it Supplies the expansion 
valve G. A thermally responsive bypass means 
L is connected between the Supply line K. and 
the flow line E so that refrigerant is added to 
the flow line to cool the refrigerant passing 
between the compressors. An auxiliary control 
is provided in connection with the unit. A 2nd 
involves, generally, a refrigerant bypass M con 
nected between the Supply line K and the intake 
to the coil around the Valve , a control Valve 
N in the bypass M, and a control system P which 
may involve, generally, a thermally responsive 
unit 20 controlling a circuit carried by lines 2 
and extending to a motor 22 which regulates a 
Switch nechanism 28 Operated by a preSSure re 
sponsive unit 29 related to the line E. The SWitch 
mechanism 28 controls a circuit carried by lines 
25 controlling operating means 25 for the valve N. 
As a typical application or adaptation of the 

apparatus the chest B is shown as cairying or 
having the coil located therein and the ther 
mally responsive unit 2 is likewise located in 
the chest. The expansion valve is of unit A 
may be a typical or Standard type of expansion 
Wave receiving compressed refrigerant fron Sup 
ply line K and delivering it to the inlet line 38 
that connects the valve 0 and the coil . . The 
Outlet line 3 from the coil is ShoWn extending 
from the chest to the intake of coin pressor C. 
The control means 2 of unit A may be any 

ordinary or conventional control arrange:nent, 
for example, as shown in the drawings, it may 
involve a thermally responsive unit 43 related 
to the line 3 or otherwise related to the coil of 
the chest B to be responsive to the action of the 
coil or the condition prevailing in the chest. A 
suitable operating connection & extends from 
the unit 3 to the expansion valve to effect 
operation thereof. With the control. 2 just de 
Scribed and which may be any ordinary or con 
ventional control found in apparatus of this gen 
eral character, it is common for the temperature 
conditions to vary in the chest B due to the coil 

being starved for refrigerant and the control 
2 and valve 9 failing to respond rapidly enough 

to maintain a Substantially constant condition 
in the coil and chamber B. 
The low pressure compressor C receiving re 

frigerant from the exhaust line 3 may be driven 
by a motor 45 and serves to deliver compressed 
refrigerant to the refrigerant flow line E. The 
line E is shown extending directly from com 
preSSOr C to the intake of compressor D which 
is a high pressure compressor driven by a motor 
46. The outlet or delivery line 8 of compressor 
D extends to the heat exchanger H. Which may 
be any conventional heat exchanging apparatus 
that cools the compressed refrigerant and de 
livers it to the receiver J. The receiver J holds 
a Suitable Supply of refrigerant and serves the 
Supply line K which conducts the compressed 
cooled refrigerant to the expansion valve . 
The bypass means I shown in the diagram 

involves a bypass line 59 from the supply line 
K to the flow line E which bypass is under con 
trol of a valve 5f. The control means for the 
valve 5 involves a thermally responsive unit 52 
responding to the temperature of the refrigerant 
in the line E and an operator 53 for valve 5i 
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4. 
connected with the unit 52 by an operating cir 
cuit carried by lines 55. With the bypass means 
f : a portion of the compressed refrigerant from 
Supply line K is returned to the System at the 
line E to cool the refrigerant passing from con 
pressor C to compressor D. 
The auxiliary control, as provided by the pre 

sent invention, involves the bypass line of con 
nection M that connects Supply line K and the 
intake line 36 to the coil around the eXpansion 
valve . The control valve N is provided in 
the line M and is operated by the operating unit 
26 shown in this case as an electrically actuated 
unit. In practice it is desirable to pirovide a valve 
N which operates between a fully open and a fully 
closed position, in which case a fioW retarding 
means is provided in the bypass line Mf in the 
form of a flow restricting tube 60, or the like. 
Any Suitable flow controlling device or restricting 
device, Such as an orifice fitting or regulating 
Valve, can be employed in place of the tube, as 
ShoWI in the diagram. 
The valve N tilat controls the bypass connec 

tion M is operated in response to the tempera 
ture conditions prevailing in the chest B. In the 
arrangeneit illustrated a thermally responsive 
unit 28 is provided in or suitably located with rela 
tion to the chest a and operates in response to 
changes in temperature in the chest. In the case 
illustrated the unit 2 () is shown as involving a 
therinally responsive device 24 operating a cir 
Cuit regulator or resistance unit 23 in a circuit 
carried by the lines 2 which extend to the motor 
22. The motor 22 is operatively connected with 
an adjustaible or regulable contact, of the 
SWitch raechanisin 33. A second contact of 
the Switch nechanisin 28 is operated by the pres 
Sure responsive unit, 29 which is subject, to the 
preSSure prevailing in line E. From the draw 
ings it will be apparent that variation in tem 
perature occurring in the chest 3 varies the cir 
cuit 2: So that the motor 22 shifts or regulates 
the position of contact E. When pressure occul's 
in the line E to move the contact into engage 

5 inent with the cointact at the mechanisin 28 is 
Operated So that, the circuit controlled thereby is 
closed. The circuit controlled by the mechanism 
28 is an electric circuit carried by lines 25 and 
controls the operation of the operating unit 28 
that operates Valve N. In the case illustrated 
when the Switch. Inechanisia 28 is closed the valve 
NT is opened. Through the auxiliary control above 
described a very accurate or delicate regulation 
can be obtained. The preSSure or temperature 
condition prevailing in the outlet line 3 froin the 
coil reáiects the condition of operation of the 
coil or the temperature in the chest B but the 
variations are not such as to make practical deli 
Cate leguiation of the Valve . . .he Waitiation in 
pressure that occurs in line 3 is nultiplied in any 
tinnes in the line it in that the compreSSOr C will, 
in an ordinary situation, have a compression ra 
tio of about one to ten, all of which results in the 
pressure variation in line E being ten times as 
great as that occurring in line 3:. Such magni 
fied pressure variation results in Operation of the 
pressure responsive unit 29 in a manner to cause 
rapid and sensitive response to pressure changes, 
to the end that the valve N is opened immediately 
that the coil Starts to be starved for refriger 
ant. When the valve N is opened the refriger 
ant is bypassed around the expansion valve 
and the supply of refrigerant passed by the valve 

is supplemented by that passed by the valve 
N, with the result that an adequate Supply of re 
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frigerant is immediately available in the coil . 
As the preSSure drops due to the adequate supply 
of refrigerant the control system operates and 
closes the valve N until a starved condition of the 
coil i? again develops. 

Eliaving described only a typical preferred form 
and application of our invention, we do not wish 
to be linited or restricted to the specific details 
hereiin Set forth, but Wish to reserve to ourselves 
any Variations or modifications that may appear 
to those skilled in the art and fall within the 
Scope of the following claims. 

Having described our invention, we claiia: 
1. In combination, a refrigerant handling unit 

including, an expansion valve, a coil supplied by 
the yalve, and a control for the valve including a 
therinally responsive element and an operating 
connection between said element, and the valve, a 
refrigerant coin pressor receiving refrigerant, from 
the coil, a refrigerant, supply line extending from 
the coin pressor to said coil, said valve being inter 
posed in the supply line, and a refrigerant, control 
including a bypass around the said Valve and 
coininected to said Supply line upstream and 
downstraaja of the Wave, between the Valve 
and the coil, and means controlling flow through 
the bypass responsive to pressure of refrig 
erant, delivered by the coin pressor, Said flow 
control nears including a pressure responsive 
control valve in said by-paSS. 

2. In combination, a refrigerant handling unit 
including, an expansion valve, a coil Supplied by 
the valve, and a control for the valve including 
a, thermally responsive element and an operating 
connection between said element and the Valve, 
a primary refrigerant compressor receiving re 
frigerant from the coil, a refrigerant Supply line 
extending from the conpreSSOr to said coil, said 
valve being interposed in the supply line, a Sec 
ondary refrigerant compressor, a flow line from 
the Ouitlet, of the primary compressor to the intake 
of the secondary compressor, and a refrigerant 
control including a bypass around the Said valve 
and connected to said supply line upstream and 
downstreaty of the valve, between the valve and 
the coil, and means controlling flow through the 
bypass responsive to pressure of refrigerant in 
the flow line, said flow control means including 
a pressure responsive control valve in said by 
paS3. 

3. In combination, a refrigerant handling unit 
including, an expansion valve, a coil Supplied by 
the valve, and a, control for the waive including a 
thermally responsive element and an operating 
connection between said element and the valve, 
a refrigerant, coin pressor receiving refrigerant 
from the coil, a refrigerant supply line extending 
from the compressor to said coil, said valve being 
interposed in the supply line, and a refrigerant 
control including a, bypass around the said valve 
and connected to said supply line upstream and 
downstream of the valve, between the valve and 
the coil, and Ineans controlling flow through the 
bypass responsive to pressure of refrigerant de 
livered by the compressor through said supply 
line and including, a pressure responsive control 
valve in the bypass, and a pressure responsive 
element operated by pressure delivered by the 
coagreSSoi and governing Operation of the con 
trol valve. 

4. In combination, a refrigerant handling unit 
including, an expansion valve, a coil supplied by 
the valve, and a control for the Valve including 
a therinally i'esponsive element and an operating 
connection between said element and the valve, 
a refrigerant Supply line extending from the com 
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6 
preSSOr to said coil, said valve being interposed in 
the Supply line a refrigerant compressor receiv 
ing refrigerant from the coil, and a refrigerant 
control including a bypass around the said valve 
and coininected to said Supply line upstream and 
downstream of the Valve, between the valve and 
the coil, and means controlling flow through the 
bypass responsive to preSSLe of refrigerant de 
livered by the compressor and including, a pres 
Sure responsive control valve in the bypass, a flow 
retarding element in the bypass downstream of 
Said Control valve, and a preSSure responsive ele 
ment operated by pressure delivered by the con 
pressor and governing operation of the control 
Wave. 

5. In coilbination, a refrigerant handling unit 
including, an expansion valve, a coil supplied by 
the valve, and a control for the valve including a 
tiennally responsive element and an operating 
connection between said element and the valve, 
a refrigerani, Supply line extending from the coin 
pressor to said coil, said valve being interposed 
in the Supply line a refrigerant cornpressor re 
ceiving refrigerant from the coil, a heat exchang 
er receiving refrigerant, from said compressor, 
and a refrigerant control including a bypass 
around the said Yalve and connected to said 
supply line upstream and downstream of the 
Wave, between the Valve and the coil, and means 
controlling foW through the bypass responsive 
to pressure of refrigerant delivered by the con 
pressor and including, a pressure responsive con 
tro waive in the bypass, an operator for the con 
trol valve, and a pressure responsive element lo 
Cat3d upstrean of Said heat exchanger and oper 
ated by pressure from the coin pressor and con 
trolling operation of the Said operator. 

6. In combination, a refrigerant handling unit 
including, an expansion valve, a coil supplied by 
the valve, and a conti'ol for the Valve including 
a, thermally responsive element, and an operating 
Connection between said element and the valve, 
a 1"efrigerant compressor receiving refrigerant 
fronin the coil, a refrigerant supply line extending 
from the coin pressor to said coil, said valve being 
interposed in the Supply life, and a refrigerant 
control including a bypass around the said wave 
and Connected to said Supply line upstrean and 
downstream of the valve, between the valve and 
the coil, and means controlling flow through the 
bypass responsive to pressure of refrigerant de 
livered by the compressor and including, a pres 
sure responsive control valve in the bypass, an 
operato; for the conti'ol valve, an adjustable 
pressure responsive element operated by pressure 
froin the compressor and controlling operation of 
the said operator, and a therinally responsive 
elerient Operative in l'esponse to variations in the 
temperature of the refrigerant, from the coin 
pressor to adjust the pressure responsive element. 

7. In combination, a refrigerant handling unit 
including, an expansion valve, a coil supplied by 
the valve, and a, control for the valve including a 
thernally responsive element and an operating 
connection between said element and the valve, 
a refrigerant compressor receiving refrigerant 
froin the coil, a refrigerant supply line extending 
from the compressor to said coil, said valve being 
interposed in the Supply line, and a refrigerant, 
control including a bypass around the said valve 
and connected to said supply line upstream and 
downstream of the valve, between the valve and 
the coil, and means controlling flow through the 
bypass responsive to pressure of refrigerant de 
livered by the compressor and including, a pres 
Sure responsive control valve in the bypass, an 
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operator for the control valve, a preSSure re 
sponsive element operated by pressure from the 
connpressor and controlling operation of the said 
operator, and means varying action of the pres 
Suire responsive element in accordance with tein 
perature changes of the refrigerant delivered by 
the compressor including, a variable SWitch Con 
tirolling an operating circuit to the COntrol Valve 
and a thernally responsive element varying a 
control circuit to the Switch. 

8. In combination, a refrigerant handling unit 
including, an expansion valve, a coil fed by the 
valve, and a thernally responsive CO2 trol gov 
erning tile expansion waive, a refrigerant cOn 
pressor receiving refrigerarit from the coil and 
delivering it, compressed, a heat exchanger cool 
ing the coil pressed refrige)'ant, a Supply line con 
ducting the cooled compressed refrigerant fron 
the exchanger to the expansion Valve, a bypass 
line extending around the expansion valve with 
its ends connected to said Supply line respectively 
upstreal in and downstream of the Valve, between 
the valve and tie coil, a pressure responsive con 
trol valve in the said bypass, an electric Operator 
for the control wave, a variable SWitch controlling 
the operatoi, and a pressure responsive unit oper 
atting the Switch and actuated by pressure from 
the COI agreSSOr. 

9. In coin bination, a refrigerant handling unit 
including, an expansion waive, a coil fed by the 
waive, and a, thernally responsive control gov 
erning the expansion Valve, a refrigerant con 
pressor ieceiving refrigerant from the coil and 
delivering is, compressed, a heat exchanger cool 
ing the compressed refrigerant, a Supply line COI 
ducting the cooled co; pressed refrigerant from 
the exchange to the expansion Valve, a bypass 
ine extending around the expansion valve with 
its ends consected to said Supply line respectively 
upstrealin and downstream of the valve, between 
the valve and the coil, a pressure responsive con 
trol valve in th& Said bypass, an electric Operator 
for the control valve, a variable Switch control 
ling the operator, a thermally responsive element 
regulating the switch, and a pressure responsive 
unit operating the Switch and actuated by pres 
Sura from the coi:lgressor. 

10. In combination, a refrigerant handling unit 
including, an expansion valve, a coil fed by the 
Waive, aid a thernaily responsive COIntrol gover:l- 
ing the expansion valve, a refrigerant compressor 
receiving refrigeraint, from the coil and delivering 
it cornpressed, a heat exchanger cooling the corn 
pressed refrigerani, a supply line conducting the 
cooled ceinpressed refrigerant, froin the ex 
change to the expansion valve, a bypass line 
extending around the expansion valve With its 
ends connected to said supply line respectively 
upstream and downstream of the valve, between 
the valve and the coil, a pressure responsive Con 
trol valve in the said bypass, a flow retarding 
i.eans in the bypass downstrean of Said control 
valve, an electric operator for the control valve, 
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8 
an adjustable switch controlling the Operator, a 
thermally responsive element regulating the 
switch, and a pressure responsive unit operating 
the switch and actuated by pressure from the 
COnpreSSOf. 

11. In combination, a refrigerant handling unit 
including, an expansion. Valve, a coil fed by the 
valve, and a thermally responsive control gov 
erning the expansion valve, a low pressure refrig 
erant compressor receiving refrigerant from the 
coil and delivering it compressed, a high pressure 
refrigerant, compressor, a flow line conducting 
refrigerant fi'oin the low pressure compreSSOr to 
the high pressure coin pressor, a heat exchanger 
cooling the compressed refrigerant from the high 
pressure coin pressor, a Supply line conducting the 
cooled compressed refrigerant from the ex 
changer to the expansion Waive, a bypass line ex 
tending around the expansion Valve with its ends 
connected to Said supply line respectively up 
Strea and downstrean of the valve, between the 
Valve and the coil, 2, pressure responsive Control 
valve in the said bypass, and means operating the 
control valve in response to variations in the 
pressure of refrigeraint in said iioW ine. 

12. In combination, a refrigerant handling unit 
including, an expansion valve, a coil fed by the 
valve, and a therinally responsive control gov 
erning the expansion valve, a low pressure re 
frigerant, Cox preSSO receiving refrigerant from 
the coil and delivering it coin pressed, a high pres 
sure refrigerant compressoi, a flow line conduct 
ing refrigeant for tile low preSSure COInpreSSO 
to the high pressure copressor, a heat eX 
changer cooling the CoimpreSSed "efrigel'ait from 
the high pressure co:npreSSOr, a Supply line con 
ducting the cooled compressed refrigerant from 
the exchanger to the eXpansion Valve, a ther 
mally cointroiled bypass leains conducting re 
frigerant from the supply line to the flow line, a 
bypass line extending ai'Guild the expansion valve 
With its ends connected to Said supply line re 
spectively upstream and downstreain of the valve, 
between the valve and the Coil, a pressure re 
sponsive control waive in the Said bypass, and 
means operating the control valve in response to 
variations in the pressure of refrigerant in Said 
flow line. 
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