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This invention relates broadly to the control of ?uid 
compression equipment. More particularly, this inven 
tion relates to a control for use with ?uid compression 

‘ equipment subject to surging action. Still more particu 
larly, this invention rel-ates to a control for equipment 
of the type described wherein provision is made for the 
novel detection of an approaching surge of a magnitude 
sufficient to cause damage to the equipment. 

In ?uid processing apparatus wherein a ?uid or gas 
compressor is employed ‘as a component such as a re 
frigeration machine, the gas compressor, which may be 
a centrifugal compressor or an axial compressor, is em 
ployed for the purpose of circulating ?uid ‘from the low 
pressure side of the apparatus to the high pressure side 
of the apparatus. _ 

In apparatus of this type, very often a variation in an 
apparatus operating condition will cause a relatively low 
volume of low pressure gas at the ‘inlet of the compres 
sor. Inasmuch as the compressor normally is designed 
‘so as to develop a given head at a given speed, it will 
be appreciated that the discharge pressure from the com 
pressor likewise is reduced. ' Pressure downstreamtof the 
compressor discharge, however, is at a relatively greater 
pressure‘ and under circumstances where the discharge 
pressure developed by the compressor is insu?icient to 
assure continued ?ow of the relatively high pressure gas, 
reverse flow of the high pressure gas occurs to the ex 
tent that flow of gas actually occurs from the discharge 
to the suction side of the ‘apparatus through the com 
pressor. . . 

Various devices have been proposed for the purpose 
of detecting a conditionin the machine which indicates 
that a surging action will ensue. ‘ This invention‘has for 
its chief object the provision of a control for this pur 
‘pose which is novel ‘and which includes a minimum of 
operating parts so as to be relatively inexpensive in con 
struction. ‘ ’ 

A further object of this invention is the provision of a 
control of the kind described where-in the criterion em 
ployed for the purpose of sensing approaching surge is 
related ot the superheat present in the gas at the inlet to 
the compressor. ' ' 

A still further object of the invention is the provision 
of a control device for regulating surge in a compres 
sor employed in a refrigeration‘ system using a thermal 
expansion valve for controlling ?ow of refrigerant from 

‘ the condenser to the evaporator. 
In achieving the objects of the invention there is 

provided a gas processing apparatus including a ?uid 
compressor, means for bypassing a portion of the gas 
discharged from the compressor to the suction of the 
compressor and a control for flow through said bypass 
responsive to. predetermined difference in the tempera 
ture of the gas at the inlet to the compressor and an 
established datum in the processing apparatus. 

These and other objects ‘of ‘the invention will be ap 
parent upon a consideration of the ensuing speci?cation 
and drawing in which the FIGURE is a diagrammatic 
representation of ?uid processing apparatus such as a 
refrigeration system employing a compressor susceptible 
to surge which is equipped wtih a control of the type 
contemplated by this invention. ‘ ' j 

Referring morev particularly to the drawing for an 
illustration of the invention it will be apparent that the 
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?uid processing plant chosen to illustrate the invention 
is a refrigeration system having a turbo-compressor 10 
including a steam or air propelled turbine 12 as a prime 
mover and a compressor wheel 14 of the centrifugal 
type mounted on a common shaft. 
The steam or air under pressure used to operate the 

turbine is delivered through supply line 16 having a suit 
able control for regulating the amount of ?uid supplied 
to the turbine. The compressor 14 receives gaseous re 
frigerant, compresses it and delivers it through discharge 
line ‘18 to condenser 20 where it is lique?ed when passed 
in heat transfer relation with a suitable cooling me 
dium. 

Liquid refrigerant formed in the condenser ?ows 
through line 24 to a receiver 22 having a liquid line con 
nection 26 to evaporator 28. Interposed in line 26 is 
a thermal expansion valve 30 of the well known type 
wherein liquid refrigerant is metered to the evaporator 
in accordance with a particular degree of superheat pres 
ent in the gaseous refrigerant ?owing from the evapo 
rator. To this end, bulb 31 fonning part of a thermal 
responsive system is connected to the valve 30 by a 
capillary 33. 

Gaseous refrigerant formed in the evaporator ?ows 
into a vessel 32 serving as a mixing chamber and mount 
ing for bulb 31 in a manner to be hereinafter described. 
Extending upwardly from the bottom of the vessel for 
the purpose of receiving gaseous refrigerant is the open 
end of suction line 34. The other end of the suction line 
connects to the inlet of the compressor 14 to complete 
the refrigerant ?ow cycle. 
As indicated above, with a compressor of the kind 

described, a reduction in the loading on the system may 
result in a supply of gaseous refrigerant at the entrance 
to the compressor of a volume insufficient to maintain 
high pressure refrigerant ?ow in the discharge line upon 
delivery from the compressor. For the purpose of aug 
menting the volume of relatively low pressure gas pres 
ent at the inlet of the compressor under these conditions, 
a bypass line 36 is employed to serve as a path of ?ow 
for a portion of the high pressure refrigerant present in 
the receiver through the mixing chamber ot the suction 
line 34. Flow in the bypass line is under the control of 
valve 38. Valve 38 controlling ?ow of gaseous refriger 
ant in the bypass line 36 is provided with a capillary 39 
and a bulb 40, housing, with a portion 41 above dia 
phragm 42 of valve 38, a thermal responsive ?ll in 
the same manner as valve 30. The bulb 40 is employed 
to sense the temperature of the gas ‘at the‘ inlet to the 
‘compressor. The under surface of diaphragm 42 is sub 
jected to the pressure in the low prmsure side of the 
system through connection 44. Thus valve 38 operates 
in response to a differential pressure created -by the dif 
ference in the temperature ‘of the gas at the inlet to the 
compressor and the pressure of the gas upstream thereof 
in the low pressure side of the system. Norm-ally these 
superheat temperatures would be very small, however, 
it has been discovered that under certain circumstances 
a substantial difference in superheat may be detected. 
As a result of ‘studies directed to the consideration and 

effect of surge activity in a gas compressor of the kind 
under consideration here, it has been thought that as the 
machine approaches the operating region of unstable lac 
t-ion known as ‘surge, there is a relatively small volume 
of localized reverse ?ow that occurs along the surfaces 
of the conduit leading into the compressor prior to an 
actual reversal ‘of total or substantially totall ?ow. Thus, 

.it has been fairly well established that for a relatively 
short period of time ?ow of gas in the suction line actu 
ally occurs in two directions simultaneously. The rela 
tively small portion of gas flow occurring along the sur 
faces of the conduit continues rearwardly and then joins 
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the gas ?ow ‘entering the machine. This ?ow which in 
cidently is of relatively high temperature having had part 
of the heat of compression added thereto, raises the tem 
perature of bulb 40 positioned in the suction line adjacent 
the inlet to the compressor after it ?ows backward 
through the compressor. 
The relatively small amount of high temperature gas 

leaking rearwardly from the compressor 14 in the man 
ner described is of relatively high pressure. The amount 
of this gas is too small to be a signi?cant factor in 
changing the force applied to the underside of diaphragm 
42 through line 44. In this regard, the low pressure 
side, particularly the chamber 32, acts in the manner of 
a surge tank, dampening the high pressure pulsation. In 
a practical sense, therefore, a small amount of surge 
usually referred to as incipient surge, is used to regulate 
the operation of the valve controlling ?ow in the bypass 
line. Once the valve in the bypass line opens, a vol 
ume of gas is made available in the mixing chamber for 
supply along with the relatively low pressure, low tem 
perature, gas from the evaporator to the compressor. 
This action provides a supply of refrigerant gas of a 
su?icient vdlume so as to enable the compressor to op 
erate in its stable range and thereby maintain continuity 
of how downstream of the compressor 1and prevent con 
tinual surging of a magnitude that would be harmful to 
the compressor. Thus this invention uses as a control 
for the bypass line a factor indicative of ensuing surge 
which possess surge characteristics of a minor order that 
are not particularly harmful to the compressor. 
The mixture of the gas from the bypass line with the 

refrigerant gas in the vessel serving as a mixing chamber 
raises the temperature sensed by the bulb of the thermal 
expansion valve controlling the passage of the ?iquid 
from the condenser'to the evaporator. The effect of the 
rise in temperature is to open the valve and permit pas 
sage of more liquid refrigerant to the extent that possi 
bly some liquid refrigerant enters the mixing chamber. 
The amount involved, however, is not of a great enough 
extent to impair the action of the compressor particu 
larly in view of the arrangement wherein the suction line 
is mounted with its open end spaced from the bottom of 
the vessel, causing the vessel to act in the manner of an 
accumulator. 

Considering the operation of the apparatus described 
the compressor is operative under control of the turbine 
to extract gaseous refrigerant from the evaporator and 
forward it to the condenser in the usual conventional 

Under those circumstances where the load on 
the evaporator is decreased the amount of refrigerant cir~ 
culated through the evaporator is reduced by the action 
of the thermal expansion valve as it equates refrigerant 
feed to evaporator demand. In the event the load con 
tinues to decrease, thermal expansion valve 30 will 
eventually attain a closed position. As the load de 
creases, or a higher discharge pressure is required, the 
machine approaches the range of unstable operation and 
the loca?ized reverse ?ow described above ‘occurs. The 
control for valve 38 senses the increase in superheat at 
the compressor inlet and acts to open the valve and by 
pass a portion of the discharge of the compressor to the 
suction of the compressor. Valve 38 throttles the ?ow 
of relatively high pressure refrigerant into the mixing 
chamber where it is mixed with the relatively small vol 
ume of low pressure gas. Under these circumstances, 
both the volume and pressure are increased so that the 
gas suppiied to the compressor when compressed by the 
compressor is of a pressure suf?cient to assure a con 
tinuous ?ow of high pressure gas through the high pres 
sure side of the system. 
The novel control heretofore described is useful par 

ticularly in systems employing a variable speed prime 
mover such ‘as the turbine described above. Normally, 
the control for such a system attempts to equate the speed 
of the turbine drive with the pumping requirement under 
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certain loading conditions. When the load decreases the 
turbine speed is reduced further impairing development 
of a head or pressure ratio sufficiently large enough to as 
sure compressor discharge pressures suf?cient to prevent 
the tendency :for reverse flow attendant the surging ac 
tion. With the control described, the bypass line is op 
erative to supply a gas requirement to the suction of the 
compressor to assure suitable operation of the compres 
sor despite turbine speed. 

Another advantage of the invention resides in the uti 
lization of a mixing chamber arranged so that gaseous 
refrigerant from the evaporator and from the bypass line 
are each tangentially fed into the chamber to provide an 
e?icient mixture of gas. The bulb controlling the ther 
mal expansion valve metering refrigerant to the evapo 
rator is arranged so as to sense the superheat in the mix 
ture of gases as they flow into the suction line for eventu 
al supply to the compressor. It is not necessary that the 
bulb be so pllacedfor it has been found that positioning 
the bulb at the evaporator exit in the usual manner may! 
be desirable. Also desuperheated gaseous refrigerant 
.from the condenser or any other location in the system 
may be used for how in line 36. 

While I have described a preferred embodiment of the 
invention, it will be understood the invention is not lim 
ited thereto since it may be otherwise embodied within 
the scope of the following claims. 

I claim: 
1. The method of controlling operation of a compressor 

subject to surging action in a refrigeration system includ 
ing in addition to the compressor a condenser for liquefy 
ing refrigerant, an evaporator for vaporizing refrigerant 
and means for metering refrigerant flow to said evapo 
rator, which consists in the steps of providing a path of 
?ow for refrigerant from the high pressure side of the 
system to the low pressure side of the system without 
?ow through said metering means, controlling flow of 
refrigerant-in said path in response to a predetermined 
difference in the temperature of the gaseous refrigerant 
at the inlet of the compression means and the saturated 
temperature of the gaseous refrigerant in the evaporator 
as determined by a measured characteristic of the refri 
gerant indicative of the saturated‘temperature of the refri 
gerant in the evaporator. 

2. In a refrigeration system including an evaporator, 
a condenser, a thermal expansion valve metering ?ow of 
refrigerant from the condenser to the evaporator, com 
pression means subject to surging action for receiving 
gaseous refrigerant from the evaporator for supply to the 
condenser, a bypass line connecting the high pressure side 
of the system with the low pressure side of the system for 
the purpose of supplying relatively high pressure refri 
gerant to the inlet of the compression means to elevate 
the suction pressure ‘and assure the development of suffi 
cient discharge pressure by the compression means to 
resist reverse flow of refrigerant through the compression 
means, means controlling ?ow in said bypass line, said 
last mentioned meansrincluding a thermal responsive con 
trol operable in response to apredetermined difference 
in the temperature of the gaseous refrigerant at the inlet 
of the compression means and the saturated temperature 
of the gaseous refrigerant in the evaporator as determined 
by a measured characteristic of the refrigerant indicative 
of the saturated temperature of the refrigerant in the 
evaporator. 

3. The invention set forth in claim 2 wherein said 
measured characteristic is refrigerant pressure. 
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