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This invention relates to new and useful Im-
provements in mechanical refrigeration systems
and more particularly to the control of a ther-
mostatic expanscion valve for regulating the sup-
ply of refrigerant medium to the evaporator.

Tn thermastatic expansion valves, the tempera-~
ture responsive element which controls the oper-
ation of the valve member responds to the tenm-
perature of the refrigerant vapor leaving the
evaporator and accordingly, the valve admits a
oregter quantity of refrigerant medium to ithe
evaporator than is desiraple. Therefore tne re-
fricerant medium will flood over into the suction
line and there will be surging in the system.
This has the disadvantage that the evaporatot
operates inefficiently since the evaporator will be
starved in iecurring cycles during compressor
operation. |

Tt is therefore one object of my invention to
provide a valve which will anticipate the filling
of the evaporator with reifrigerant medium there-
by eliminating or materially reducing the surging
effect.

Another object is to provide means to ciose the

valve immediately upon its feeding of refrigerant
medium when the valve is opened by the tem-
- perature responsive power element during the off
cycle or period when the compressor is not run-
ning.
" The invention consists in the novel COOpera—
tive relation and arrangement of parts 1o be more
fully described hereinafter and the novelty of
which will be particularly pointed out and dis-
tinctly claimed.

In the accompanying drawing, to be taken as
a part of this specification, there are fully and
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" suction line casing wall 12 as . at 28,
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clearly shown several preferred embodiments of

the invention, in which drawings:

Figure 1 is a diagrammatic view of a refrigera-
tion system showing diagrammatically a suction
line type thermostatic valve in section and oper-
atively arranged in the system. |

Fig. 2 is a diagrammatic view of another form |

of a suction line type thermostatic valve In sec-
tion and operatively connected to an evaporator
a8 in Fig. 1.
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Fig. 3 is a diagrammatic view of a part of are-

frigeration system showing a thermostatic ex-
pansion valve of the feeler bulb type operatively

connected to an evaporator with means for an- .

ticipating fiooding of the evaporator.
Mg, 4 is a view similar to Fig. 3 but showing
another form of means for anticipating flooding

of the evaporator.
Fig. 5 is a detail view in section on the line

5—5 of Fig. 4.
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Fig. 6 is a chart showing the surging of evap-

2

orator pressure which occurs with valves of the
prior art, and

Fig. 7 is a chart showing the reduction in the
surging ¢f the evaporator pressure with thls in-
vention. -

Referring to Fig. 1 by characters of reference,
{ designates generally a motor driven compres-
sor discharging thru a pipe or conduit Into a
condenser 2 which feeds into the usual tank or
receiver 3 from which the refrigerant liquid line
4 connects to the inlet 5 of the thermostatic
expansion valve 8 of this invention. In the cas-
ing of the valve § there is a valve port 1 con-
trolled by a valve member 8 and discharging into
a valve outlet chamber 9 from which an outlet
port 18 leads into an outlet conduit 1f which
connects to the inlet of an evaporator t2, The
outlet of the evaporator is connected by the usual
suction Iine or return line {3 to the inlet {4
of a suction line casing 15 containing a refriger-
ant pressure chamber {6. The outlet {7 from the
chamber i6 is connected by a suction line or
return line conduit I8 to the inlet of the com-
pressor I. The end wall {8 of the casing 1%
forms the end wall of the valve outlet chamber
9 so that the casing 15 and the casing of the
valve 6 are in direct heat exchange relation.
The conduit 1! also has its wall common to the
Opposite
the wall 19 the casing {3 is closed by a tempera-
ture responsive power element 2{ in the form of
g capsule having a rigid cover member or cap
22 in direct heat exchange relation with the
side wall of the suction line casing and having a
movable wall or diaphragm 23 responsive to
pressure changes in the chamber 16. The power
element 2{ is charged with a minute quantity
of volatile liquid 24 such that the liguid will all
be in vapor state at a temperature in the cham-
ber 16 above the operating temperature range
of the valve. The diaphragm 23 responds to
changes of pressure in accordance with the tem-
perature of the liquid 24. The valve member 8
is operatively connected to the diaphragm 23
by an operating member or thrust rod 25 prefer-
ably a flexible resilient wire which extends with
a. sliding fit through an aperture in the wall 19
thereby to eliminate leakage from the chamber
8 into the chamber {§. Expansion of the capsule
and movemant of the diaphragm 23 by pressure
within the element 2! is opposed by a spring 26

which acts against the diaphragm 23 and nor-

mally urges the valve member 8 toward its seat
and port closing position by reason of the con-
nection of the rod 25 to the diaphragm 23

as at 2T.

The operation of this valve of Fig. 1 is as fol-
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3
lows: When the compressor | is started in oper-
ation and creates a reduction of pressure in the
chamber 16, the valve member 8§ will be opzned
by the diaphragm 23 and rod 25, Liquid reirig-
erant medium will discharge through the port 7
into the valve outlet chamber § and outlet con-
duit i1 vaporizing therein to cool the wall 19 and
the wall portion 28 so as to abstract heat from
the power clement 2i, This will cause some of
the vapor in the power element 21 to condense
so that the spring 2& will throttle the valve
member 8§ and move it toward port closing posi-

tion thereby reducing the rate of supply of

refrigerant mediuim to the evaporator 2. Ac-
cordingly, the valve will anticipate the raduc-
tion in temperature of the superheated refriger-
ant vapor drawn through the chambper {6 by
the compressor. Since the valve member § has
been moved closer to its seat by this auxiliary
extraction of heat from the power element 21,
the element 21 will, in its subsesquent cperation
maintain the evaporator refrigerated to a more
uniferm extent. When fthe compressor 1 is
stopped, the back pressure in the suction line
in conjuncrion with the spring 20 in the chamber
16 acting on the diaphragm 23 will hold fthe
valve member 8 clossd, but if the temperature
surrounding the power element 21 increases the
pressure within the capsule sufficiently to move
the valve member 8 to open position, then refrig-
erated medium admitted to the chamber 9 and
vaporizing therein will cool the wall {5 sufficient-
ly to ahstract thz necessary heat from the power
element 21 to condense the vapor therein and
seat the valve member 8. It will, of course, be
apparent that if the abstraction of heat by the
wall 19 is insufficient to cause closing of the
valve member § that vaporization of refrigerant
medium supplied by the still open valve port
will reirigerate the wall portion 20 and this
further abstraction of heat from the power ele-
ment 21 will close the valve member 8. This
action of the valve 8 during the off cycle of the
compressor { will maintain the liquid refrigerant
iIn the receiver 3 with very little loss during
beriods when the ambient femperature might
cause the power elsment 2( to open the valve
member 8.

Referring to Fig. 2, the suction line type ther-
mostatic expansion valve has a valve casing 39
with an inlet 31 for connection to the liquid line
4 of the system of Fig. 1. The casing 39 has
a valve port 32 controlled by a valve member
83 and discharging into an outlet chamber 34
having an outlet port 35 discharging into an out-
let conduit 26 for connection as in Fig. 1 to the
evaporator {2. The outlet of the evaporator [2
connects by a suction line conduit 37 to the
pressure chamber 3§ of a suction line casing 39.
The chamber 38 has a wall 45 common to the
wall of the valve outlet chamber 32 and the
outlet conduit 365 and has an outlet port 41
for connecvion by a return or suction line or
conduit 42 to the inlet of the compressor. The
chamber 38 has a wall 43 with a pressure con-
veying port 44 therethrough which opens into
a pressure chamber 45, A temperature respon-
cive power element 45 in the form of a capsule
having a cap or cover member 47 and a dia-
phragm 48 closes and seals the chamber 45 .and
accerdingly the chamber 28. The capsule or
power element 4§ is charge with a minute quan-
tity of volatile liquid such that the liquid will
all be in vapor state above the operating fem-
perature range of the valve, The cap 47 is con-
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- be reduced so that the evaporator will

4 .
nected to and in direct heat exchange relation
to the casing 35. The diaphragm 48 is movable
in accordance with temperature changes in the
element 45 and with pressure changes iIn the
chamber 38. The valve member 33 is operatively
connected to the diaphragm 48 by an operating
member 49 which is connected as at 50 to the
diaphragm and extends through the port 44 and
thiough an aperture in the wall 40 in which 1t
has a sliding fit to prevent flow of refrigerant
medium from the valve inlet 31 to the chamber
38. IExpansion of the diaphragm 48 to open the
valve member 32 is opnosed by a coil spring 51.
L.eading from the outlet chamber 34 there is a
conduit 52 having a conduit portion 53 extend-
ing through the suction line casing wall 43 in
close proximity to the diaphragm 48 and in heat
exchange relation to the power element 46. The
condult 52 has a bleed port oi orifice 532 gt its
inlet end and has its outlet end discharging as at
54 into the chamber 38.

The operation of the valve of Fig. 2 is as
follows: When the compressor is sftarted in
operation, the reduction of pressure in the cham-
ber 45 will cause the diaphragm 48 to open the
Valve member 33 s¢ that refrigerant medium will
1ow into the valve outlet 34 and the valve outlet
conduit 86 for discharge into the evaporator !2.
The vaporization of the refrigerant medium in
the outlet chamber 34 and outlet conduit 356 will
cool the wall 4§ thereby abstracting heat from
the power element 86. In addition there will be
cooling of the power element 48 by refrigerant
medium flowing through the conduit 52 in by-
passing reiation to the evaporator 12. The heat
abstracted from the power element 46 by the
expanding or vaporizing of refrigerant medium
in the conduit portion 53 together with the heat
abstracted by the cooled wall 40 will condense
some of the vapor of the volatile liquid in the
power element 4§ so that the sprineg 51 will
throttle or move the valve member 32 toward
port closing position. Accordingly, the rate of
supply of refrigerant to the evaporator (2 will
not flood
over into the suction chamber 38. Since the
conduit 52 leads from the outlst chamber 24 on
the inlet side of the port 35, the supply of refrig-
erant medium to the conduit portion 53 will he
in accordance with the open position of the valve
member 33. During the off cycle of operation
of the compressor, opening of the valve member
33 by temperature of the air surrounding the
power element 48 will result in closure of the
valve member as above described in connection
with Fig. 1.

Referring to Fig. 3, the supply of refrizerant
to the evaporator 88 is by means of a thermo-
static expansion valve €1 having an inlet 62 for
connection to the refrigerant liquid line 4. this
valve 61 may be any of the well known types
of thermostatic expansion valve having a tem-
perature responsive power element in which there
is a feeler bulb or member 63 connected by a
capillary tube 84 to an expansion chamber or
capsule §5. The feeler bulb 52 is connected in
heat exchange relation to the evaporator adja-
cent its outlet or to the suction or return line
66 from the evaporator. The outlet of the valve
81 is connected by a conduit 87 to the inlet of
the evaporator 68. From the conduit §7 adija-
cent the expansion valve 8§ a conduit §8 leads to
the suction line 8% in by-passing relation to the
evaporator :60. This conduit 68 may be in heat
exchange relation to the suction line 66 adjacent
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the bulp element 33 as at 69 and is connected
intg the suction conduit 86 as at 78 closely adja-
cent but preferably on the evaporator side of the
bulb element 83 so that refrigerant medium dis-
charging into the suction line &8 from the con-
duit 68 will pass in heat exchange relation 1o
the bulb element 83. The conduit §8 preferably
has a restricted or calibrated port T1 adjacent
its cutlet end at the suction line to limit the
flow of refrigerant medium therethrotgh.

The operation of a refrigeration system con-
structed as in Fig. 3 iz as follows: As scon as the
valve §¢ opens upon gperation of the compressor,
sorne refricerant will flow directly through the
conduit 68 into the suction line §6 in by passing
relation to the evaporator §8. The refrigerant
medinm which vaporizes in the conduit 68 will
cogol the bulb element 5& by reason of the heat
exchange confact as at 69 and together with
the expanding refrigerant medium discharging
into the suction line 8% at the connection T8 will
cause some of the vapor in the bulb element 63
to condense thereby throtiling the valve 61. Ac-
cordingly the cooling of the bulb element 63 by
this by passing refrigerant medium in gnd from
the conduit 88 will anticipate the flooding of the
evaporator and reduce the rate of supply of
refrigerant medium through the conduit 27 to
the evaporator.

In Fig. 4, the thermostatic expansion valve 82
has an inlet 8¢ for connection to the liquid line
i and has an outlet conduit 82 which connects
to the inlet of the evaporator 83. The valve 88
like the valve 8! has a iemperature responsive
power element with a bulb element or fecler
member 84 connecied by a capillary tube 85 io
the exvnansion chamber or capsule 86, This bulb
eleinent 84 is clamped to the evaporator adjacent
its outlet or to the suction or return line Or
conduit 87 which connects to the inlet of the
ocmpressor. Secured in heat exchange relation
to the casing of the valve 8§ and preferably
clamped to the outlet conduit 82 adjacent the
valve there is & heat conducting rod or solid
metal member 88 which at its free end portion
§9 is connected in heat exchange relation to the
bulb element 84. 'The rod end portion 89 is
clamped to the bulph element 84 and the bulb
element 84 is clamped to the suction line 87 by
a metal heat conducting clamp §8@. |

The ovperation of the valve arrangement of
Figs. 4 and 5 is as follows: When the valve 80
opens to supply refrigerant medium through the
conduit 82 to the evaporator 83, rod 88 will be
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upon opening of the valve reduces the surging
in the evaporator and thereby maintains a much
more uniform length or average length of the
evaporator in operation during the running of the

COIMDPIessor.

What is claimed and is desircd to be secured
by Letters Patent of the United States is:

1. In a thermostatic expansion valve, a suction
line casing having an inlet and an outlet for flow
of vaporized refrigerant therethrough, tempera-
ture responsive valve operating means in heat
exchange relation with said casing, a valve cas-
ing having an outlet port and in heal exchange
relation with said suction line casing so that
refrigerant flowing through said valve casing will
abstract heat from said operating means, and a
conduit leading from said outlet port and extend-
ing from said valve casing in heat exchange rela-
tion with said operating means for increasing the
sostraction of heat from said operating means.

2. In g thermostatic expansion valve, a2 suction
line casing having an inlet and an outlet for
flow of vaporized refrigerant therethrough, tem-
perature responsive valve operating ineans In
heat exchange relation with said casing, a valve
casing in heat exchange relation with sald suc-
tion line casing so that refrigerant flowing
throuegh said valve casing will abstract heat from
said operating means, and a conduit leading from
said valve casing in direct contact with said
suction line casing for increasing the abstraction
of heat from szid operating means.

- 3. In a thermostatic expansion valve, a suction
line casing having an inlet and an outlet for
flow of vaporized refrigerant therethrough, a cap
member and diaohragm forming an expansible
chamber valve operating means, volatile liquid
in said means, said cap member being in heat

xchange relation with said casing, said dia-
phragm being exposed to and responding to pres-
sure changes in said casing, a valve casing in
heat exchange relation with said suction line
casing so that refrigerant flowing through sald
valve casing will abstract heat from said cperat-

ing means, and means for increasing the ab-

straction of heat from said operating means.

4. A thermostatic expansion valve comprising
a valve casing having an inlet and having an
outlet chamber, a suction line casing naving a
pressure chamber, said chambers having a com-
mon wall, a temperature responsive capsule in
heat exchange relation with said wall and hav-
ing a diaphragm closing a wall opening of said
suction line casing, a minute gquantity of vola-

cocled at its connection to the valve and there- gg tile liquid in said capsule such that all of the

by due to its heat conducting relation to the
bulb element 84, will abstract heat from the
bulb element and causa some of the vapor of the
volatile liguid in the bulb element &4 to condense.
This will result as in the valve arrangement oi
Figs. 1, 2 and 3 in a throttling of the valve 89

and a reduction in the rate of refrigerant mediuvm

supplied to the evaporator $2. Accordingly, as
above described with respect to the foregoing
valves, the surging and inefficient operation of
the evaporators will be materially reduced.

in the charts of Figs. § and 7, the curves show
relative to each other the surging in Fig. 6 which
usually occurs with prior art valves since the
temperature responsive power element has no
contrgl of the valve until the evaporator is sub-
stantially flooded to the power element. In
g, 7 the curve illustrates how the abstraction
of heat from the temperature responsive power
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liguid will be in vapor state at a temperature
in said suction line casing above the operating
temperature range of the valve, a valve member
controlling refrigerant fiow into said outlet cham-
ber and operatively connected to said diaphragm,
vaporization of refrigerant in said outiet chaimber
chilling said common wall upon opening of said
valve member thereby to condense some of the
vapor in said capsule and reduce the pressure
therein to close sald valve member.

- B. A thermostatic expansion valve comprising
a suction line casing having a wall opening and
having an inlet and an outlet for flow of vapor-
ized refrigerant through said casing, a tempera-
ture responsive capsule in hegt exchange relation
with said casing and having a diaphragm closing
said wall opening of said suction line casing,
volatile liquid in said capsule, g valve casing
secured to said suction line casing, a valve mem-

element occurring substantially immediately 78 ber controlling flow through said valve casing,
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means for transmitting movement from -gaid
diaphragm. to said valve member, and a: con-
duit having heat exchange relation intermediate
its ends with sz2id capsule and extending irom
the outiet side of said valve casing and-discharg-
ing into said sucticon line casing.

8. A thermostatic exnansion valve comprising
a suction line casing having a wall opzning and
having an inlet and an outlet for flow of vapor-
ized refrigerant through said casing, a tempera-
ture resnonsive capsule in heat exchange relation
with said casing and . having a diaphrazm closing
said wall opening of said suction line casing, vola-
tile liguid in said capsule, a valve casing secured
to said suction Illne casing, a valve member con-
trolliing Fow through said valve casing, means for
transmitring movement from said diaphragm to
sald valve meniber, and a conduit leading from
the outlet chamber of said valve casing and dis-
charging into said suction line casing, said con-
duit havinzg gz resiriction and having a portion
of its length in contact with said suction line cas-
ing adjacent said diaphragm.

7. A refrigeranit controlling apparatus of the
character described, comprising in combination,
a valve casing having a wall, a valve member
in and controlling flow through said casing, tem-
perature responsive means positioned external of
sald casing wall and including means operable
upon reduction of temperatiure to move said valve
mermber toward closed position, means to conduct
refrigerant medium in heat exchanege relation to
sald responsive means, means operatively con-
necting said responsive means to said valve mem-
ber and operahble to transmit movement there-
between; auxilisry means operable to abstract
heat from sald temperature responsive means in
anticipation of temperature reduction of said
responsive means by said refrigerant conducting
means, and sald auxiliary means being controlled
solely vy said valve member and having its tem-
perature veducing action varied in accordance
with the positiocn of said valve member.
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8. A refrigerant controlling apparatus as de-
fined i claim 7 wherein the temperature respon-
sive means is a volatile fluid expansive power ele-
meny having an external feeler bulb, and the
auxiliary temiperature abstracting means being
arranged to act upon said feeler pulb.

9. A refrigerant controlling apparatus as de-
fined ih-claim 7 wherein the temperature respon-
sive means is a-volatile fluid expansive power ele-
ment having an external feeler bulb, and said
auxillary heat abstracting means comprising a
conduit controlled solely by saigd valve member
and- disgcharging expanding refrigerant in heat
exchange relation with said feeler bulb.

10. A refrigerant controlling apparatus as de-
fined in claim 7 wherein the temperature respon-
slve means is a volatile fiuid expansive power ele-
ment having an external feeler bulb, and said
auxiliary heat abstracting means comprising a
heat conducting member connected to said feeler
oulb and to-said casing for transfer of heat there-
petween upon opening said valve member,

EARNEST J. DILLMAN.
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