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MEANS AND

2624181
METHOD OF CONTROLLING -

" REFRIGERATION SYSTEMS
' Lee Roy Erwin, Monrovia, and Joseph B. Griffith,

Pasadena, Calif.,

- Bguipment, Inc., Cleve

~ of Delaware

assignors to .
land, Ohio, a corporation

+

Affiliated Gas

| Apmication'M.iy. g, 1949, Serial No. 92,102

relates to the means and method
refrigeration systems, and has
for controlling

. Qur invenuion
for controlling
particular reference to the means
an expansion valve. | o
. The standard-type compressor refrigerator sys-
tem usually comprises & compressor; & condenser,
3 receiver and an evaporator coil having an €X-
pansion valve positioned. between the receiver
and the evaporator coil to control the flow of
Yiguid refrigerant into -the evaporator coil.
' The esxpansion valve is essentially a dia-
- phragm-operated valve which 18 responsive to
diff_erences'in pressure on opposite faces ol
diaphragm, one side of the diaphragm being re-
sponsive to the pressure in the refrigerant line;
the other side being responsive to pressure from
a temperature bulb positioned at some. point in
the refrigeration system which is used to control
the admission of liguid refrigerant into the evap-
orator. -
The usual position
is adjacent the exhaust
transferring relation. |
Due to the fact that the evaporator has a much
jower pressure than the compressol side of the
expansion valve, the refrigerant tends to boil
at a relatively low temperature and in so doing,
 absorbs relatively large quantities of heat from
“the surrounding medium. As the boiling refrig-
erant pProgresses through the evaporator, it
reaches a point of saturation, that is, where all
liguid has boiled and become gas. From that
point on, the gas begins to be superheated, that
is, the temperature rises above the boiling point.
It is usually this superheated exhaust gas that is
applied to the temperature bulb fo. control the
expansion valve. R | o
Tn case of increasingly heavy demand, it will
readily be seen that the point in the evaporator
where saturation is reached, progresses upstream
in the evaporator and the gases passing the point
adiacent the temperature bulb are superheated
to a greater degree, thereby causing the ex-
pansion valve to open and admit m
refricerant into the system until the superheated
gases are dropped back to the predetermined
getting of the expansion valve, at which time the
expansion valve closes. o
Some systems are designed with 2 reservoir
for liquid refrigerant between the expansion valve
and the evaporator,
highly desirable 1o maintain a constant level of
fluid therein. In such installations, the use oI
. the standard-type control means is unsatisiac-

for the temperature bulb
or suction line in heat

tory. There iIs usually sufficient lag between the o

more liquid

8 Claims. (CL 62—8)
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aetion upon a changing load
yefrigeration system. |

o control unit which has

responsive bulb irom some

the objects of our invention to

-temperature_*uf the__ Sl_lpei'h_ea:te‘:d ‘gases and the

demand of the refrigeration system that the ex-
pansion valve either closes 100 slowly allowing
the liquid level to run too ‘high, or opens t00

slowly thereby allowing the reservoir to run dry.

One of the objects of our invention is to pro-
vide a control means which is modulated and
subjected to a substantially instantaneous re-
demand for the

Applicants are. aware that others have at-

tempted to mainialn substantially constant liquid
1evels, but such endeavors have usually taken the
form of mechanical float valves. Such valves are
not entirely satisfactory because any piece of
mechanical equipment is subject to failure, and
being positioned. inside of the evaporator unit,
would be difficult to reach for repair and main-
tenance. |

A further object of our

invention is to provide
_ no mechanical moving
parts and which is readily available for main-
tenance and repair sho 1d the same be necessary.

We have found that a much more efifective
means for controliing the level of liguid refrig-
erant in the recelver consists 11 placing a tem-
verature responsive bulb in ‘contact with the
liquid refrigerant in the receiver. A temperature

responsive bulb in such position becomes imme-

diately responsive to the level of the liquid re-
frigerant. -It, however, becomes necessary to sup-
ply heat to the vapor system of the temperature
| source in order 1o
operate the expansion valve. This can be done
most conveniently by placing the temperature
also in communication with the

<haush gases in the suction line or by subjecting

the capillary tube connecting the expansion bulb

to the expansion valve 1o some independent and
constant source of heat. It is, therefore, amonsg
| provide & means
and method for controlling the level of liquid

refrigerant in a flooded coil refrigeration system '

 which is immediately responsive to the liquid re-

fricerant level and which actuates the expansion
valve also in response to an independent -soutrce

 of heat or the superheat contained in the suction

511
and in such cases it is usually

313

line. ~ - | - |
1t i glso a further object of outr invention. to
provide a control unit adapted to actuate the
expansion valve in response to temperature
changes in both the suction line and a refriger=-
ant receiver between the expansion valve and the

expansion or evaporator coil.

" A further object of our invention is to provide
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a method of controlling a pressure responsive ex-
pansion valve in a refriseration system by sub-

jecting said valve to the sum of the vapor pres-.

Sures generated in response to the temperature

of refrigerant entering the expansion coil and

the refrigerant in the suction line being dis-
charged from the coil.

Other and further objects and advantages of
our invention will become apparent from the

drawings and the Specifications relative thereto.

In the drawings: |
Figure 1 is g schematic illustration of 9, re-

o

4

lated by means of a temperature responsive bulb
31 which is in communication with the upper sur-
face of the diaphragm 29 by means of a capillary
tube 32. The pressure system including the con-
duit or capillary tube 32 and the bulb 31, con-
tains a vapor. The volume of the tube 32 is so
small that the pressure in the conduit is deter-

- Imined almost entirely by the mean temperature

10

frigerating system having g control embodying the

principles of our invention.

Figure 2 is a partial sectional view showing
the details of one form of our control.

Pigure 3 is a secticnal view
of Fligure 2. |

Figure 4 is a view similar to Figure 2 showing
& modification of our invention.

Figure 5 is a similar view showing a further
modification of our invention. *

Figure 6 is an enlarged fragmentary sections]
view of a further modification of our invention.

ure 6.

- Figure 8 is an enlarged fragmentary sectional

elevation of a further modification of our inven-
tion showing the capillary tube subjected to an
Independent source of heat. |
. Figure 9 is a similar view showing a modifica-
tion in the details of inserting the temperature
responsibe bulb into the receiver. |
- We have illustrated our invention in connec-
tion with a refrigerator system, such as is dis-
closed in the co-pending application of William
G. Cartter and J. Richard Ewell, filed on the
24th day of January, 1949, Serial No. 72,372,
Whereas, we are illustrating our invention in con-
nection with the system disclosed in said co-
pending application, it is to be understood that
Such disclosure and explanation is by way of ex-
‘ample only and not limitation. Tt shall be un-
derstood that our control system is applicable
to any type of refrigeration wherein it 1s desired
to maintain a fairly constant level of refrigera-
‘tion liquid in g reservoir between the expansion
valve and the evaporator coil.
- The system comprises essentially a compres-
sor 10, a condenser i1, a receiver 12, an ex-
bansion valve 13, and an evaporator unit, desig-
nated generally 4. A suction line 15 communi-
cates between the exhaust of the evaporator unit
‘and the compressor. |

'The evaporator unit {4 comprises essentially a
primary coil 20, a superheat coil 21 and a cup or
refrigerant reservoir 22. |

For the purposes of explaining the present in-
vention, it is necessary only to explain that in
such a system as is 1llustrated herein it ig highly
desirable to maintain g substantially constant
level for liquid refrigerant 23 In the reservoir 22.

As will be seen in Figure 2, we have provided
an expansion valve, designated generally {3, hav-
ing an inlet 25, g discharge 26 and a valve 27
adapted to interrupt the fiow of refrigerant from
the inlet 25 to the discharge 26. The valve 27
is mounted on a stem 28 and is controlled by a
diaphragm 29. The valve is Preloaded by means
of a compression spring 30. It will, Therefore,
be apparent that the position of the valve 27 will
be responsive to the force
bressure in the discharge 26 and the pressure on
top of the diaphragm 289.

- Pressure on top of the diaphragm 29 is regu-

Figure 7 is a view taken on line T—1 O:f Fig- .

v
iy

taken on line 3—3 |
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of the spring 30, the |

75

“have provided g

of the vapor in the bulb 3. While under Very
cold operating econditions a portion of the vapor

mMay condense on the walls and at the bottom of
the bulb 31, the system is essentially g gas or
vapor system. o |

Ihe structure so far described is more or less
standard. However, in s standard system, the
temperature responsive bulb 31{ i placed adja-
cent the suction line {5 and on the outer surface
thereof. It has been noted that such standard

Dlacement of the temperature responsive bulb 3{

1s not entirely satisfactory because of the delayed
action in response to varying refrigeration loads.
In order to overcome this objection, we have

suction line {5. In order to accomplish this, we
cylindrical member 385 formed
with inturned annular flanges 36 and 37 which
defines an annular c¢hamber 38 in direct com-
munication with the passageway of the suction
line 15. - | |

The inturned flanges 36 and 37 define aper-
tures in axial alignment through which 3 tube
39 is disposed in a gas-tight relation. It will
readily be seen that the tube 39 will rapidly as-
Sume the temperature of the gases in the suction
line 1% because the gases flow in intimate con--
tact with the outer walls of the tube 39.

The top of the receiver 22 is formad with an
aperture 42 through which the lower end of the
tube 39 is disposed so that the lower end which
18 closed extends downwardly into the liguid re-
frigerant 23. The temperature responsive bulb
31 is disposed inside the tube 39 and extends sub-
stantially the full length thereof so that a por-
tion of the bulb is responsive to the temperature
of the suction line sases and also to the tempera-
fure of the liquig refrigerant in the accumulator
22, ' In this manner the pressure exerted on the
diaphragm 29 is dependent on the sum or net
value of the pressures created by the two tem-
perature regions at the bottom and top of the
bulb 31, respectively. For example, under nor-
Mmal operation the bottom portion of the bulb 31
1n contact with the liquid refrigerant 23 is gen-
erally colder than ig the upper portion which is
In contact with the suction line 5 Should the
level of liquid 23 drop, the bottom portion of
the bulb 31 would become warmer, thereby in-
creasing the pressure In the pressure system in-
cluding the tube 82, even though the upper por-
tion in contact with the pipe 15 remaing un-
changed in temperature. This Increase in pres-
sure creates a wider opening at the valive 27

admitting more liquid to the reservoir 22, thereby

in the tube 32 will go up as before, even though
the liquid level in the reservoir 22 ang hence the
temperature i the bottom of the bulb 3 remains
unchanged. - | - | -'
- A similar although converse operation is

ef-
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tected upon drop in temperature in
line {5, or upon rise in liquid level 23.
It is thus seen that
tinually responsive to noth the temperature at
the inlet of the evaporator {4, in this case to the
liquid level 23, and to the temperature at the
sutlet of the evaporator 14, 1. e, the temperature
in. the suction line 13. Each of the two regions
is effective to control the valve (3 independent-
Iy of the temperature in the other region. -

the suction

Pue to the fact that the temperature of the.

~ gases in the suction line 1§ tends to lag behind
the load demand of the refrigeration system, the
 expansion valve lags behind |
is dependent solely upon. the temperature of the
syction line for its control. By making the tem-
perature responsive bulb 3 i responsive to the tem-
perature
oerature in the accumulator
action is obtained. .

Ag the demand for refrigeration is increased,

22 3 modulating

the level of the liguid refrigerant 23 in the Tes~
ervoir 22 tends to fall therebhy exXposing more of

the tube 38 to contact with the gases in the res-
~ ervoir 22 rather than the liquid refrigerant. Such
sction has an immediate effect on the expansion
valve because of the slower rate of heat trans-
fer between gases and metals as compared wibil
liguid to metal and the consequent effect on the
expansion bulb, which permits the discharge of
more liquid refrigerant into _
thereby tending to raise the level of the liquid 23,
and in raising the liquid subjects the tube to the
temperature of the liquid refrigerant, thereby
tending to close the valve 21. However, the tem-
perature of the gases in the suction line 1§ In-
creases when the load on the refrigerating sys-

the valve 13 is made con-

such loads when it

~ the tube 39

10

15

of the suction line gases: and to the teme- '

20

25

that even though the response

6
and the annular flanges 36 and 37 ‘and hetween
and the aperture 44. These parts
can readily be welded together In such a man-
ner thab gas cannot escape therefrom. It has
peen found that even a slight air gap between
the tube 31 and the walls of the tube 39 does not
materially affect the temperature response, s¢
of the bulb pres-
sure to temperature changes is slower in the first
embodiment, the difference is not sufficient to
warrant the use of the modification of Figure 4

except in special circumstances where a highly

sensitive response is essential. |

Figure 5 illustrates a further modification in
that we have substituted the temperature re-
sponsive bulbs 50 and 51 in place of the single
temperature responsive hulb 3{. The tempera-
ture responsive bulb 50 is directly in communica~
tion with the gases in the suction line 15 and im-
mediately responds thereto. The bulb 51 is in-
serted inside of the reservoir 22 and is in direct

contact with the liguid 23 and the gases in the

~reservoir 22 and, therefore, 1S immediately re-

sponsive to changes In temperature therein, The
two bulbs 50 and 51 are connected in series by

means of a capillary tube 52.

30
the reservoir 22,

39

tem increases so that the action of the tempera-

ture of the liquid 23 tending to close the valve
and the action of the superheated gases In the
suction line 15 tending to open the valve, create
g stable condition
2, ‘balance point.

sults in an immediate response 1o
but also results in a modulating

This arrangement not only re-
load changes,
| action which
tends to balance the valve at the correct open set-
ting rather than having it either full open or full
closed, as is usually the case where the tempera~
ture responsive bulb is merely responsive by con-
duction to the heat in the suction line. . |
‘Our invention involves a method of controliling
g pressure responsive expansion. valve of a re-
frigeration system, which comprises the steps of
placing a quantity of vapor in heat-communicat-
ing relation with refrigerant entering the expan-

40

and result in the valve finding '

45

50

55

sion coil of said refrigerating system, placing a

second quantity of vapor in heat-communicating
relation with the refrigerant being
from said coil, and communicating the sum oi
the pressures of said vapors to sald pressure re-
sponsive expansion valve for actuation thereof.

Ficure 4 illustrates a modification of the con-
trol system shown in Figure 9. In the modifica-
tion shown in Figure 4, we have eliminated the
tube 39 and have disposed the cylindrical mem-
ber 35 through the top of the receiver 22 and
have extended the temperature responsive bulb
3{ through the annular chamber 38 and into the
reservoir 22. | |

It will be apparent that such an arrangement
results in a more immediate response to tempera-
ture changes than is the case in the structure
shown in Figure 2. However, the structure shown
in Figure 2 is preferred because of the simplicity
of sealing the engagement between the tube .38

exhausted

60

be readily apparent, the

The type of construction illustrated in Figﬁre

5 has certain disadvantages OVer the structure

shown in Figure 2, namely, in the probem. Of
segling the parts against leakage of air and yet
<o arranging the assembly that the parts may be
readily removed for repair and maintenance.
However, the structure shown in Figure 5 may
be preferred in some installations because, as will

bulb 50 need not be placed immediately adjacent
the reservoir 22 as is the case of Figure 2. - |
The structure shown in Figure 5 jllustrates the
basic principles of our invention; namely, that
the diaphragm of the expansion valve 32 is re-
sponsive to the sum of the pressures in the bulbs
50 and 51 which are controlled by the tempera-
ture of the surrounding medium. ‘Therefore, the
expansion valve ig responsive to temperature both
in the reservoir and in the suction line, which,
aS has been heretofore explained, gives a modu-
1ating action to the valve tending to stabilize it
and to give an immediate response to load de-
mand. =
‘In Figures 8 and 9, we have illustrated & further
modification of our invention wherein the tem-

perature responsive bulb is positioned in heat-
transferring relation with the liquid refrigerant

contained in the receiver and showing the capil-
lary tube connecting the temperature responsive
bulb to the expansion valve but subjected to an
independent source of heat rather than the su-
perheat of the suction line. Like reference nu-
merals indicate like parts of the other forms.

" In the modification illustrated in Figure 8, we
have illustrated a temperavure responsive bulb

18 connected to the expansion valve 13 by means
- of a capillary tube 16. A well 11 extends downe-

65

(il

5

wardly to approximately the surface of the liquid
refrigerant 23 and the temperature responsive
bulb 15 is disposed therein. A source of heat,
such as an electric coil 18, 1S placed in heat-
transferring relation with the capillary tube 16.

Upon rising of the liquid level, the heat trans-~
ference between the well 11 containing the tem-
perature responsive bulb 15 becomes faster and
the temperature in the bulb 19 and, consequently,
the vapor pressure contained therein decreases
to permit closing of the expansion valve 13.
When the liquid level again falls below a critical

chamber 35 and the
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point, the rate of heat transference from the
temperature responsive bulh hecomes insufficient
to overcome the rate _
source of heat 78, thereby raising the vapor pres-
sure aifecting the expansion valve t0 open the
expansion valve and permit the Tiow of liguid
reirigerant into the receiver. | |

In this modification the valve §3 is responsive
only to the level of Hquid 23 in the reservoir 22,

the outlet temperature in the suction Iine 2f

having no eifect on the valve. The purpose of

the coil 78 is to maintain substantially constant

temperature in the tube 16 thereby protecting it
from temperature change of the ambient air
which would, even though the volume of the tube
16 is small, tend %o introduce 8 pressure change
upon the valve {%. It has been found desirable
to make the tube 7% in the form of a ccil so as

to lengthen the travel distance between byl 15

it

and valve 13, thereby giving a cushioning effect
to any sudden changes in temperature resulting
from rapid rise or fall of the liquid level 23. The
cushioning effect introduces a, slight time iag
In the response of the valve §3 and tends to pre-

Figure 9 illustrates g further modification inso-

details of construction are concerned,
namely, the well 77 has been eliminated and g
backing giand 8§ substituted therefor having an

aperture 84 through which the expansion buib. (X2

is disposed. A packing nut g2 is in threaded en-

gagement with the packing gland 84 and nas &

of heat application from the

|

10

15

20

25

30

resilient gasket §3 positioned therebetween. Suenh

a construction gives g more intimate contact be-
tween the temperature responsive bulb 77 and the
liquid refrigerant 23, which results in a more
rapid reaction.

may not aiways be desirable in that the bulb may

nov be replaced withoui first removing the re-

irigerant and reieasing the pressure inside the
receiver 2%. | |
- While we have herein shown and described our

mvention in what we have conceived to be the
most practical and preferred embodiment, it is

recognized that departures may be made there-
Irom within the scope of cur invention, which is
nct to be limited to the detaiis disciosed herein,
but is to be accorded the tull SCOpe 0f the ¢laims
SO as to embrace any and ail equivalient devices.

- Having described ocur invention, what we claim
as new and desire to secure by Letters Patent is:

1. In a refrigeration system having an ex-

pansion valve, a rsservoir atcapted 1o receive
llquid refrigerant, an eXPansion c¢oii in comini-
nication with said reservolr and a suction line
adapted to exhaust caseous refrigerant from saic
expansion c¢oil, means respoilsive 10 temperaiyure

variations adapted to aciuate said expansion

valve, said means comprising means defining z
chamber in series in said suction line, a tubular
memper exftending through said chamber and
Into said reservoir, a bulb containing a vapor
adapted to vary the bressure in said bulk in re-
sponse to temperature varistions disposed in saig
tubular member, and a capillary tube communi-
cating the pressure from said dulb infc said ex-
pansion valve for actuation thereof. |

2. In a refrigeration system having an ex-
pansion valve, g reservoir adapted to receive
liquid refrigerant, an expansion coll in commu-
nication with said reservoir and a suction line
adapted to exhaust gaseous refrigerant from said
expansion coil, means responsive tg temperature
variations adapted to actuate said expansion
valve, said means

buchh a construciion, however,

comprising means defining g

40

60

05

60

65
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chamber in series in said suction line, a tubular

member extending through said chamber and
into said reservoir, said tubular member having
a closed bottom and an open top, a bulb con-
taining a vapor adapted to vary the pressure in
sald bulb in response to temperature variations
disposed in said tubular member, and means
communicating the pressure from said bulb into

said expansion valve for actuation thereof.
3. In a refrigeration System having an expan-~

siocn valve, a reservoir adapted to receive liquid
refrigerant, an expansion coil in communication
with said reservoir and a suction lihe adapted
to exhaust gaseous refrigerant from said expan-
sion ¢oil, means responsive to temperature vari-
ations adapted to actuate said expansion valve,
sald means comprising means defining a cham-
ber in series in said suction line, temperature
responsive to pressure generating means disposed
through saigd chamber and into said liquid re-
frigerant reservoir and responsive to the respec-
tive temperatures thereof, and means communi-
caiving the pressure from said pressure generst-
Ing means into said €xpansion valve for actuation
thereof, | |

4. In a refrigeration system having an expan-
sion valve, a liquid refrigerant reservoir adapted
to receive liquid refricerant from said expansion
valve and a suction line adapted to exhaust gase-
Ous refrigerant from said system,
valve being formed with g diaphragm actuable
by pressure differentials across its face to con-
trol said expansion valve, temperature respon-
Sive pressure generating meszns in heat trans-
ferring relation with said gaseous refrigerant in
said suction- line, and temperature responsive
pressure generating means in heat transferring
reiationship with the interior of said reservoir,
the diaphragm of said €xpansion valve being re-
sponsive to the sum of the pressures in each of
Said pressure generating means.

5. A method of controlling a pressure respon-
sive expansion valve, which is responsive te vapor
pressure, of a refrigeration system in which there
1s an expansion coil having an inlet in communi-
cation with said expansion valve Ior the intro-
duction of refriserant Into said coil and g dis-
charge comprising the steps of blacing a quantity
0r vapor in heat-communicating relation with
refrigerant entering said coil, placing a second
auantity of sald vapor in _heat-communicating
relation with the refrigerant being discharged
irom said eoil, ang ccmmunicating the sum of
Sald vapor pressures generated by said vapors
t0 said expansion valve for actuation thereof,

C. Refrigeration control apparatus comprising,
in combination in a refrigerant system,
pansion vaive, g liguid refrigerant reservoir con-

_ said valve to ive 1
therefrom, an evaporator Communicating with
said reservoir to receive refrigerant therefrom,
a suction line connected to said evaporator to
withdraw vaporized refrigerant therefrom, and
2. vapor-containing conduit having a portion
thereof disposed in said

sald valve to actuate
vapor pressure in said conduit, whereby the PO~
sition of said valve is determined both by the
liquid level in said reservoir and by the tempers.-
ture of refrigerant withdrawn through said suc-
tion line, | |

7. Refrigeration control apparatus comprising.
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in combination in a refrigerant system, an ex-

pansion valve, & Teservoir connected to receive

liquid refrigerant from said valve, an evaporator
communicating with said reservoir to receive re-
frigerant therefrom,
duit disposed vertically, partially in and par-
tially out of the liquid refrigerant in said reser-
voir and connected 10 said valve to actuate the
came in response to vapor Pressurc in the con-

duit, whereby the position of sald valve is made

sensitive to liquid level in said reservoir.

g8 Refrigeration control apparatus comprising,
in combination in a refrigerant system, an ex-
pansion valve, an evaporator having an inlet
communicating with said valve and an outlet,
g pressure conduit containing fluid completely
in vapor phase connected to sald valve to actu-
ote the same in response to vapor pressure in
the conduit, a portion of gaid conduit being dis-
- posed in heat transfer relation with sald inlet,

and another portion of said conduit being dis-
posed in heat transier

whereby the pressure in said conduit 1s a func-

and a vapor-containing con-.

relation with said outlet

10

10 .
tion of refrigerant temperature both at said
inlet and at said cutlet. :
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