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My invention relates to refrigerating systems 
and particularly to such systems which include 
vevaporators of the multiple conduit type. 

Refrigerating systems such as those employed 
for air conditioning frequently include evapo 
rators or cooling units which comprise a plu 

. rality of refrigerant tubes or conduits connected 
through a. manifold to receive refrigerant in - 
parallel from a common condensing unit. These 
systems commonly employ refrigerant expansion 
valves of the thermostatic type which operate to 
maintain a predetermined degree of superheat 
of the vaporized refrigerant withdrawn from the 
evaporator. In multiple conduit evaporator 
systems, it is necessarly to insure equal distri 
bution of the refrigerant to the several conduits 
so that each conduit‘ carries its proportionate 
share of the cooling load. A distribution header 
comprising a chamber having a plurality of sym 
metrically located radial outlets is one form of 
load equalizing device. The header is located 
between the expansion valve and the evaporator 
and frequently is built into the valve as an in 
tegral part thereof. 
When an air conditioning'system, for example, ' 

is required to operate over a wide range of re 
frigerant demand caused by changes of load, or 
of refrigerant temperatures, or of air tempera 
tures, or of a combination of such conditions, 
it is difficult to provide. an expansion valve 
which will regulate the ?ow of refrigerant satis 
factorily throughout the entire range. A there 
mostatic expansion valve sufllcietly large to con 
trol the system during the heaviest refrigerant 
demand may provide poor regulation during low 
demands and produce “overshooting" and “hunt 
ing” so that the operation of the evaporator is, 
irregular in the low demand range. irregulari 
ties may be caused, for example, by the inability 
of the high capacity valve to move with su?i 
cient precision to produce regular and propor 
tionate flow of refrigerant at greatly reduced 
rates so that the valve upon opening may in 
troduce too much liquid ‘refrigerant which must 
then be compensated by closing the valve. It 
is obvious, for example, that a given lift or move 

- merit from the closed position of a large diameter 
valve provides a much greater ?ow cross section 
than the ‘same movement in a small diameter‘ 
valve. Accordingly, it‘is an object of my inven 
tion to provide a refrigerating system including 
an improved arrangement for insuring the main 
tenance of predetermined conditions in the 
evaporator over a wide range of operating con 
ditions. 

' of the multiple conduits of 
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It is another object of my invention to pro 
vide a refrigerating system including a multiple 
conduit evaporator and an improved control for 
maintaining predetermined operating charac 
teristics throughout a wide range of operating 
conditions and for insuring even distribution of 
the refrigerant among the several conduits. 
Further objects and advantages of my inven 

tion will become apparent as the following de 
scription proceeds, and the features of novelty 
which characterize my invention will be ‘pointed 
out with particularity in the, claims annexed to 
and forming a part of this speci?cation. 
For a better understanding of my invention 

reference may be had to the accompanying draw 
ings in which Fig. 1 represents diagrammatically 
anair cooling system including a refgrigerating 
machine embodying my invention; Fig. 2 is a 
sectional elevation view of the main expansion 
valve shown in Fig. l; and Fig. 3 is an illus 
tration similar to Fig. 1 showing another em_ 
bodiment of my invention. 

Brie?y, the refrigerating system shown in the‘ 
drawings comprises a refrigerant condensing 
unit, a multiple conduit evaporator, and an ex 
pansion valve provided with an arrangement for 
conducting equal amounts of refrigerant to each 

the evaporator. A 
main-thermostatic expansion valve is provided 
which supplies liquid refrigerant to a distribut 
ing header having connections for leading the 
refrigerant in equal quantities to the several 
evaporator conduits. In order to provide even 
distribution and control of the flow of refrig 
erant under conditions prevailing in the por 
tion of the operating range in which there. is the 
least refrigerant demand, a second valve having 
much smaller capacity is connected in parallel 
with the main valve to control the passage 
of a small amount of refrigerant from 

maintain substantially the same degree of super 
. heat of the vaporized refrigerant withdrawn from 
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the evaporator. The main valve provides cor 
rect control during normal and high refrig- . 
erant demands, and the small valve acting in 
parallel with ‘the 
the main valve to extend the low demand range 
of the system by insuring evenly controlled re 
frigerant expansion at the lowest refrigerant 
requirements of vthe range. When the main 
valve is provided with an integrally constructed 
distributing header, the auxiliary valve may be 
connectel to supply refrigerant to the header 

the. 
-condensing unit to the distributing header. 
Both valves are controlled, for example, to. 

main valve cooperates with’ 
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chamber through one ‘of the radial outlet eon- . 
nections, theremaining outlets being employed 
as the refrigerant distributing outlets. 
Referring now to the drawings, the air cool 

ing system illustrated in Fig. 1 comprises an air 
circulating duct ll within which is arranged a 
multiple conduit evaporator ii. The evaporator 
ii is supplied with refrigerant from a condensing 
unit comprislng'a compressor It, a condenser I3, 
and a liquid receiver II. The control of liquid re 
frigera‘nt ?owing from the receiver I‘ to the 
evaporator II is accomplished through the op 
eration of thermostatic expansion valves II and 
II. A refrigerant distributor i1 is provided to 
supply the refrigerant in substantially equal 
quantities to a plurality of conduits ll each con 
nected to a separate conduit or pass of the evap 
orator ll. During the operation of the refrig 
erating system, liquid refrigerant within the 
evaporator II is vaporized by the absorption of 
heat from the air ?owing through the‘ duct it, 
and the vaporized refrigerant is withdrawn from 
the evaporator ll through a manifold i0 con 
nected to the several multiple conduits of the 
evaporator and ?ows through a suction line 20 
to the compressor II. )The vaporized refrigerant 
is compressed and-discharged into the condenser 
II where it is cooled and liquefied and from 
which it flows to the liquid receiver ll. 
liquid refrigerant is returned to the evaporator 
through the operation of valves II and I. having 

asvaase _ » ~ 

' in "which the admission of refrigerant to the evap 
orator may be controlled accurately, the valve II 
.is connected in parallel with the valve II. The 
valve II is a relatively small capacity valve'hav- ' 

' lng smaller parts and which can accurately mn 
trol the admission of small quantities of.refrig 
erant to the evaporator in such manner as to Y 

' maintain steady superheat conditions at mini 
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The' 

thermal bulbs 23 and 2l,'respoctively, both se- , 
cured in heat exchange relation with the suc 
tion line "and responsive to the temperature of ' 
the vaporized refrigerant withdrawn from the 
evaporator. Valves. i5 and I. are also connected 
to be responsive to the pressure in. the suction 
line through a so-called “equalizer conduit” 25 
'which is connected to pressure responsive ele 
ments in both valves. 
‘The thermostatic expansion valve operates in 

accordance with the difference between forces 
produced by the pressure and by the tempera 
ture of the vaporized refrigerant withdrawn from 
the evaporator, the valve tending to open upon 
an increase in temperature and to close upon an 
increase in pressure. The differential action of 
the temperature and pressure responsive elements 
provides a measure of the superheat in .the 
withdrawn vaporized refrigerant, and the valve, 

, therefore, controls the operation of the system to 
. maintain a predetermined substantially constant 
degree of superheat. This type of valve prevents 
the return of slugs of liquid refrigerant to the 
compressor. 

a An air conditioning system such as that illus- _ 
trated may be required to operate over a wide 
range of conditions such as load, air tempera 
ture, and refrigerant temperature, and while a 
single thermostatic expansion valve may be suf 
iicient to provide accurate control of the super 
heat over a limited range, di?iculty may be en 
countered when it is attempted to extend the 

-range, because the characteristics of the valve 
make it difilcult to handle both high and low 
loads with equal precision of control. For exam 
ple, the valve' may upon opening introduce too 
much refrigerant for a required low refrigerant 
demand and the valve must then remain closed 
until sufficient refrigerant has been'vaporized, 
and as a result the superheat of the vaporized 
refrigerant may vary cyclically instead of being 
maintained at a substantially constant value. 
In order to extend the effective range of oper 

ating conditions of the refrigerating system with 
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mum refrigerant demands. Valve II then oper 
ates to maintain the required superheat of the 
vaporized refrigerant at the outlet of the evapora 
tor and this prevents operation of'tbe hilhca 
pacity valve I! such ‘that amount-sot liquid re 
frigerant in excess of that required are not ad- ' 
mitted to the evaporator. ' While the valve It 
operates throughout the entire range of operating 
conditions, its operation is effective to control the 
superheat of the withdrawn refrigerant substan-' 
tially only when the system is operating under 
conditions resulting in refrigerant demands in 
the lowermost portion of the range. Liquid re 
frigerant flows from the receiver it through a 
liquid line it having a main branch 21 for con 
ducting liquid refrigerant to the valve II and an 
auxiliary branch 28 for conducting the refrigerant 
'to the valve it. The expanded refrigerant flow 
ing from the outlet of'the valve I I passes through 
a connection 2! to the refrigerant distributing 
header I‘I. ‘ 
The construction of thejmain expansion valve 

II is' shown in Fig. 2. This valve comprises a 
casing ll closed by a'block ll constituting the ‘ 
distributor I1 and provided with a refrigerant dis 
tributing chamber 32. Liquid refrigerant from 
the line 21 flows, to the chamber 32 through a' 
valve opening controlled'by a valve member II. 
‘The operation of the valve II is dependent upon 
the amount of superheat in the refrigerant with 
drawn through the suction line 2.. vIn order to 
accomplish this operation a diaphragm II is pro 
vided in the valve, the lower side of the dia 
phragm being subject to the pressure of the with 
drawn refrigerant and the upper side being sub 
ject to a pressure dependent upon‘ the temper 
atureof the withdrawn refrigerant. The lower 
side 01' the diaphragm is connected to the pres 
sure conduit 25 through a fixture II. The up— 
per-side of the valve is connected by a capillary - 
tube 31 to receive the pressure dependent upon 
the temperature of the withdrawn refrigerant as 
determined by the thermal bulb 23 which is par 
tially illled with a vaporizable liquid. _ The pres 
sure of the vaporizable liquid is, of course, de 
pendent upon the temperature of the suction line 
2|. It'will be evident that this .valve operates 
in the conventional manner so that it tends to 

' let connected to the connection 2!. 

open upon an increase in suction line tempera 
ture and to close upon an increase in evaporator 
pressure. The valve I8 is of similar construction 
but smaller and is not provided with the dis 
tributing header l1 but instead has a single out 

Tlie several 
evaporator inlet conduits II are placed in com 
munication with the chamber 82 through radial 
outlets 3! in the block ii. >In order that a sin 
gle distributing header may be employed. one of 

. the outlets vI8,'which has been indicated at 88¢. 
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is arranged to serve instead as an auxiliary for 
refrigerant flowing from the valve I.‘ through 
the connection 2!. It will be noted that the valve 
33 is actuated by movement of ‘the diaphragm II 
transmitted through a valve operating rod ll. 
When the auxiliary inlet "a is in operation. re 
frigerant entering the chamber from this inlet. 
is directed against the valve stem ll which min 
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imizes any direct ?ow of refrigerant from the 
inlet 38a into the one of the outlets 38 diamet 
rically opposite. 
low load conditions refrigerant isjsubstantially 
equally divided among the several conduits, even ' 

' though the inlet 38a enters the chamber 32 at 

3'. 
erant to‘saidevap'o'rator throughout the ‘operation , 
-of said system, each of said valves including an . 

It has been found that under" 

right angles, to the main inlet through the valve . 
33. The ‘arrangement of the valves l5 and i6 
employing ‘the single liquid distributor i1, inte-_ 
grally formed with, the‘ valve I45, provides a re 
frigerant distributing arrangement having a min 
imum' number of parts and affording effective 
operation over a wide range of refrigerant .de 
mands. The valves l5 and It may be calibrated 
to provide operation of the system with prede 
termined desired characteristics; for example, the 
twolvalves may be arranged to maintain sub 
stantially the same number of degrees of super- ' 
heat over the entire range of operating condi 
tions of the system. Under other conditions of 
operation, it may be desirable to calibrate the 
valve 56 to maintain a lower‘ amount of superheat 
than the valve is so that it may operate to con 
trol the‘ how of refrigerant through ‘the evapo 
rator although there is not' sufiicient'superheat -V 

v to operate the main valve is. ' 
In Fig. 3, there is illustrated an arrangement 

similar to that of Fig. 1, and corresponding parts 
have been designated by the same numerals‘with 
the addition of the letter a. In this system, the ; 
distributing header 61a is separate from the valve " 
We, the valve iiia being of the same type as the 
valve l?a and the valve is in that it is provided 
with a single outlet connection. The'outlet' con 
nection of the valve i511 communicates with the 
header Ila through an outlet conduit 4!. Sole 
noid operated valves 83 and M are provided in 
the liquid lines lid and 28a, respectively. Valve 
83 is provided with a solneoid 45' controlled by 
a thermostat “in the duct Illa. This thermo 
stat is arranged to close when the temperature 
of the air flowing through the duct indicates that 
normal or heavy refrigerant demand conditions 
prevail. 
£31 operated by a thermostatic switch 58 which 
closes whenever there is a demand for cooling. 
It will, therefore. bev evident that the valve I5!! 
is operated only when there is a refrigerant de 
mand suflicient to require the larger valve. 
viously, control valves corresponding to the valves 
613 and 44 may be employed also in the system 
of Fig. 1. 
7 From the foregoing, it is apparent that I have 
provided a simple and effective arrangement 
making possible the operation of a refrigerating 
system over a wide range of loads or other con 
ditions and which provides predetermined oper 

. ating characteristics throughout the ent‘re oper- . 
ating range. 
While I have illustrated my invention in 'con 

nection with an air conditioning system, other 
applications will readily be apparent to those 
skilled in the art. I do not, therefore, desire my 
invention to be limited to the particular arrange 
ments shown and described, and I intend by the 
appended claims to cover all modi?cations within 
the spirit and scope of my invention. ' 

The valve 46 is controlled by a solenoid‘ 

individual control element responsive to the tem 
perature of the vaporized refrigerant- withdrawn I 
from said evaporator, both ofsaid control ele-_ 
ments being set to operate their respective valves 
independently for maintaining substantially the 
same predetermined amount of superheat .of the 
vaporizedjrefrigerant withdrawn from said evap 
orator, said. low capacity valve acting to extend 
the range within which the ‘operation of said 
evaporator may be controlled effectively'to main- ' 
tain said predetermined superheat beyondthe 

' range of effective controlfobtainable with said 
high capacity valve alone. I 

2. A refrigerating system including a refrig- ' 
erant' condensing unit and a refrigerant‘ evap 
orator, said evaporatorcomprising a plurality of ' 
refrigerant conduits arranged in parallel, a liquid 
‘refrigerant distributing header having separate 
outlet connections for each of said conduits for ' 
dividing the liquid refrigerant equally among said 
conduits, a thermostatic expansion valve connect- - 
edv between said unit and said header for main 
taining a predetermined amount of superheat of 
the vaporized refrigerant withdrawn from vsaid 
evaporator duringnormal refrigerant demands 
on~said system, and a relatively small capacity 
thermostatic expansion valve'connected in paral 
lelwith said, flrstmentioned valve for maintain 
ing substantially said predetermined amount of 
superheat at low refrigerant demands on said 
system, said small capacity valve cooperating 
with said ?rst mentioned valve to extend the ef 

' fective range of operation of said system. 
3. A refrigerating system including a refrig-' 

erant condensing unit and a refrigerant evap 
orator, said evaporator comprising a plurality of 

' refrigerant conduits arranged in parallel, a ‘then 
40 mostatic expansion valve‘ of the type provided 

with an outlet chamber having a plurality of dis 
tributing outlets and a main inlet, said chamber 
also having an auxiliary inlet, means for connect 
ing each of said conduits to a corresponding one _~ 
of said outlets whereby refrigerant is divided 
equally among said conduits, a second expansion 
valve having a substantially lower capacity than 

. that of said ?rst mentioned valve and connected 
between said condensing unit and said auxiliary 

‘ erant into said chamber and said valves are con 
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What I claim as new and desire to secure by ' 
Letters Patent of the United States is: 

1. A refrigerating system including a refrig 
erant condensing unit and a refrigerant evap 
orator, a high capacity thermostatic expansion 
valve and a low capacity thermostatic expansion 
valve connected in parallel between said unit and _ 
said evaporator for controlling the flow of refrig 

70 

nected in parallel, and means for controlling said 
valves to maintain predetermined conditions 
within said evaporatorover a desired range of 
operating conditions of said system. ' 

'4. A refrigerating system including a, refrig 

’ inlet whereby said second valve discharges refri8- ‘ 

erant condensing unit. and a refrigerant evap- - 
orator, said evaporator comprising a" plurality of 
refrigerant conduits arranged in parallel, a ther 
mostatic expansion valve for maintaining‘ a‘pre- ‘ 
determined amount of 'superheat of the vaporized 

‘ refrigerant withdrawn from said evaporating unit 
during‘ normal refrigerant demand conditions, 
said valve being connected between said unit and 
said evaporator and including‘ an outlet chamber 
having a plurality of outlets and a main inlet 
and an‘ auxiliary inlet, means connecting said 
refrigerant conduits to corresponding ones of said 
outlets whereby refrigerant is distributed equally 
to said conduits, a second thermostaticiexpansion 
valve having a capacity relatively small with re 

' respect to that of said first mentioned valve and 
connected between said condensing unit and said 
outlet chamber through said auxiliary inlet for 
maintaining substantially the same amount of 
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superheat during low refrigerant demand condi 
tions ‘ ' 

erant condensing unit, a refrigerant evaporator, 
a high capacity thermostatic expansion valve and‘ 
a low capacity thermostatic expansion valve con 
nected in parallel between said .unit and said 
evaporator‘ for controlling the ?owof refrigerant 
to said evaporator throughout the ‘operation of 
said system, each of said valves including an in 
dividual control element responsive to the tem 
perature of the vaporized refrigerant withdrawn , 
from said evaporator, both of said control ele 
ments being set to operate their respective valves 
independently for maintaining substantially the 

5. refrigerating system including a refrigi 

‘2,879,288 ' 

' same predetermined amount of superheat of the 
vaporlled refrigerant withdrawn from said evap 
orator, and means dependent upon the refrig 
erant demand on said system for preventing the 
operation of said high capacity expansion valve to 
control said system during the lower portion of 
the range of refrigerant demands on said system, 

. said low capacity valve acting to extend the range 

10 
within which the operation of said evaporator 
may be controlled effectively to maintain said 
predetermined superheat beyondthe range of ef 
fective control obtainable with said high capacity 
valve alone. 

WAYNE E. DODSON. , 


