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(57) The performance of mobile air conditioning
systems is improved with the use of a pressure sensing
valve to control refrigerant flow in the system. The pres-
sure sensing valve is connected between the condenser
and the evaporator. The control valve senses the refrig-
erant pressure adjacent the evaporator, ie. the input, or
output or the combination of both, to control the refriger-
ant flow through the evaporator in a manner to improve

the performance of the system. The reference pressure
for the valve can be the atmosphere or a fixed or varia-
ble source. Various other operating variables can be
sensed to control the variable source in a manner to
interact with the sensed pressure to provide added con-
trol of system performance.
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Description

This invention pertains to air conditioning systems,
and in particular to mobile air conditioning systems and
control mechanisms therefor.

The problems of effective air conditioning systems
for mobile units are significantly greater than those
involved in stationary systems. The basic theory of
operation of the stationary and mobile air conditioning
units are the same. Each system requires a cyclic refrig-
erant flow through an evaporator to absorb heat from
the space to be cooled and through a condenser to
exhaust the absorbed heat. However in a stationary
system, the compressor is driven at a selected constant
speed, and may use a selectable multi-speed blower for
the evaporator. In stationary systems the blower and
compressor speeds are known controllable quantities.
The variables in the stationary systems are the ambient
temperature of the air or coolant through the condenser
and the temperature of the air flow through the evapora-
tor.

In contrast, the mobile air conditioning systems (i.e.
systems located on mobile vehicles such as in autos,
trucks, buses, etc.) face temperature variables involved
with the condenser and evaporator and concerning the
air flow variables through the evaporator, but include a
variable speed compressor whose speed is a function
of the engine speed, and an air flow through the con-
denser that is a function or the vehicle speed. All of
these additional variables are controlled by instantane-
ous vehicle travel requirements, greatly expanding the
environmental and physical constraints placed on the
effective operation on the vehicle air conditioning sys-
tem. These variables involved in mobile air conditioning
systems involve two extreme situations, i.e., 1) idle
when the vehicle is not moving and the engine is run-
ning at slow speed (low compressor speed and low con-
denser air flow), and 2) road run when both the engine
and the vehicle are running at high speed (high com-
pressor speed and high condenser air flow). The prob-
lem facing mobile air conditioning system designers are
to develop systems that will perform satisfactory at both
these extremes and in between.

Additional problems in the automobile industry
include the lack of space and cost control. As automo-
bile designs become more compact and light weight
greater demands are placed on fuel efficiency and pol-
lution control. Competing with the constraints of space
and cost, there is the continued need for quality of per-
formance. Durability of design is also a very important
factor so as to minimize failures, particularly expensive
elements such as a compressor.

In mobile air conditioning systems for automobiles,
the refrigerant flow to the evaporator is controlled either
by a fixed orifice or a expansion valve.

An object is to attempt to achieve maximum per-
formance by controlling the amount of refrigerant in lig-
uid form as it exits the evaporator (i.e., a point at which
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most of the refrigerant tends to change from liquid to
vapor). If total vaporization of the refrigerant takes place
within the evaporator, a hot spot or section is created in
the evaporator thereby reducing its effectiveness. Simi-
larly, the excessive flow of liquid refrigerant from the
evaporator also reduces the system performance.

A fixed orifice is an inexpensive means to control
refrigerant flow to the evaporator, but suffers the defect
that the size of the orifice must be pre-selected as a
compromise solution of performance between idle and
road run. If the size of the orifice is selected to favor idle,
then the system will perform favorably in city driving, but
will provide reduced performance in open road driving.
In contrast, if the orifice size is selected to favor road
run, then city driving suffers performance.

Some automobiles use a temperature sensing
expansion valve to control the refrigerant flow through
the evaporator as a primary function of the refrigerant
temperature at the output of the evaporator. The tem-
perature sensing mechanism in an expansion valve is
inherently slow and therefor not responsive enough to
the continually varying air conditioning demands of an
automobile. Furthermore, temperature is a poor indica-
tion of the condition or state or the refrigerant as it
leaves the evaporator in that it can only sense vapor
flow and not liquid flow, providing only partial solution.
An additional problem with the use of the expansion
valve is that it tends to fail in the closed condition, result-
ing in the shut off of refrigerant and lubricant flow to a
level that causes destruction of the compressor.

Advantageously, a mobile air conditioning system
includes control means selectively vary and control the
amount of refrigerant flow through the air conditioning
system as a function of the refrigerant pressure adja-
cent to the evaporator. The refrigerant pressure sensing
point, or points, for the control means can be adjacent
the input or output of the evaporator, or a combination of
both. Other variables, such as, ambient temperature,
humidity, engine speed and evaporator temperature are
adapted to be sensed and combined with the sensed
pressure to provide finer degree of control.

The present invention includes a variable orifice
control system for vehicular air conditioning systems
including a compressor, a condenser, an evaporator
and an accumulator interconnected in series for cyclic
refrigerant flow therein in which the vehicle engine is
arranged to drive the compressor so that the refrigerant
pumping capacity of the compressor varies by
increases and decreases with respective increases and
decreases in vehicle engine speed, along with the heat
rejection capacity of the condenser that increases and
decreases with air flow therethrough with increases and
decreases in vehicle speed and engine fan speed, char-
acterized in that the control system comprising a pres-
sure sensitive control valve having an input port, an
output port, a variable valve between the input port and
output port, and a pressure sensing mechanism cou-
pled to the variable valve so as to provide a displace-
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ment movement thereto as a function of sensed
pressure for controlling the size of the first valve open-
ing, means for coupling the input and output ports of the
pressure sensitive control valve in the air conditioning
system between the condenser and the evaporator, and
means for coupling the pressure sensing mechanism to
sense refrigerant pressure adjacent the evaporator so
that the first valve functions as a variable orifice and
interacts with the accumulator whereby to vary the
amount of refrigerant flowing in the system in a direction
corresponding to changes in the compressor and con-
denser operating capacities.

The invention includes a pressure sensitive valve
adapted to control the amount of refrigerant flow in
vehicular air conditioning systems that include a com-
pressor, a condenser, an evaporator and an accumula-
tor interconnected for serial refrigerant flow therein, in
which the vehicle engine drives the compressor so that
the refrigerant pumping capacity of the compressor
increases and decreases with increases and decreases
respectively in vehicle engine speed, and the heat rejec-
tion capacity of the condenser increases and decreases
in air flow therethrough due to increases and decreases
in the vehicle speed and engine fan speed, character-
ized in that said valve comprising, a casing for the valve
including an input port adapted to be connected to
receive refrigerant from the condenser, and an output
port adapted to be connected to deliver the refrigerant
to the evaporator, a variable orifice valve located within
the casing between the inlet port and the output port for
controlling the size of the opening between the ports, a
pressure sensing mechanism adapted to be connected
for sensing refrigerant pressure adjacent the evaporator
to provide a displacement motion that is a function of
the magnitude of the sensed pressure, and a coupling
mechanism connected between the pressure sensing
mechanism and the variable valve to control the size of
the opening as a function of the magnitude of the
sensed pressure, whereby the variable valve is adapted
to function as a variable orifice and interact with the
accumulator to control the amount of refrigerant flow
through the system so as to vary the cooling capacity of
the system relative to changes in at least one of the
compressor and condenser capacities.

The invention also includes a method of operating a
vehicular air conditioning systems including a compres-
sor, a condenser, an evaporator and an accumulator
interconnected in series for cyclic refrigerant flow
therein and wherein the vehicle engine drives the com-
pressor so that the refrigerant pumping capacity of the
compressor 'increases and decreases with increases
and decreases in vehicle engine speed, and the heat
rejection capacity of the condenser increases and
decreases in vehicle engine speed, and the heat rejec-
tion capacity of the condenser increases and decreases
with air flow there through with increases and
decreases in vehicle speed and engine fan speed, char-
acterized by the method for controlling the system com-
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prising, sensing the pressure of the refrigerant adjacent
the evaporator, controlling the flow of refrigerant through
the evaporator with a valve that is responsive to the
sensed pressure so as to function as a variable orifice to
control refrigerant in a direction to adjust the cooling
capacity of the system as direct function of the com-
pressor and condenser capacities, whereby the control-
ling step adjusts the cooling capacity of the system to
increase as either or both the compressor and con-
denser capacities increase.

The invention will now be described by way of
example, with reference to the accompanying drawings
in which:

Figure 1 is a system schematic diagram of a mobile
air conditioning system including a fixed orifice
refrigerant control system.

Figure 2 is a system schematic diagram of a mobile
air conditioning system including an expansion
valve refrigerant control system.

Figure 3 is a system schematic diagram of a mobile
air conditioning system including a first embodi-
ment of a refrigerant control system of the invention
wherein a pressure sensitive control valve is con-
nected to sense evaporator input pressure to con-
trol refrigerant flow therethrough.

Figure 4 is a system schematic diagram of a mobile
air conditioning system including a second embodi-
ment of a refrigerant control system of the invention
wherein a pressure sensitive control valve is con-
nected to sense evaporator output pressure to con-
trol the flow of refrigerant therethrough.

Figure 5 is a system diagram of a mobile air condi-
tioning system including a third embodiment of a
refrigerant control system of the invention wherein
a pressure sensitive control valve is connected to
sense both evaporator input and output pressure to
control the flow of refrigerant therethrough.

Figure 6 is a system diagram of a mobile air condi-
tioning system including a fourth embodiment of a
refrigerant control system of the invention wherein
a pressure sensitive control valve is connected to
sense evaporator input or output pressure or both
to supplement the amount of refrigerant passed by
an orifice to an evaporator.

Figure 7 is a system diagram of a mobile air condi-
tioning system including a fifth embodiment of the
invention of a refrigerant control system of the
invention wherein a reference pressure source is
provided for the pressure sensitive control valve,
which reference source is variable and is controlla-
ble by a plurality of additional signals corresponding
to added sensed variables.

Figure 8 is a mechanical cut away view of a First
embodiment of a pressure sensitive control valve of
the invention for use in the control of a mobile air
conditioning system.

Figure 9 is a mechanical cut away view of a second
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embodiment of a pressure sensitive control valve of
the invention for use in the control of a mobile air
conditioning system.

Figure 10 includes a sketch of a typical pressure-
enthalpy chart for an automotive refrigerant with an
example of a refrigeration cycle imposed thereon.
Figure 11 includes a portion of the mechanical cut
away view of the valve of Figure 8 modified to
include venture type tube configuration at the point
the pressure is sensed.

Figure 12 includes a portion of the mechanical cut
away view of the valve of Figure 8 modified to
include stepped orifice type configuration at the
point the pressure is sensed.

Figure 1 shows a known unit that has a compressor
10 that is coupled to be driven by an engine that propels
the mobile unit (not illustrated). The speed at which the
compressor 10 is rotated is a function of the speed of
rotation of the engine. Hence the higher the speed of
the rotation of the engine rotation, the higher speed of
rotation of the compressor 10 and the correspondingly
higher capacity of the compressor 10 to pump refriger-
ant.

The direction of the flow of the refrigerant through
the system is illustrated by the arrows 14. A com-
pressed high pressure gaseous refrigerant flows from
the compressor 10 through a condenser 16. The pur-
pose of the condenser 16 is to reject heat from the air
conditioning system, while at the same time condenses
the high pressure gaseous refrigerant into high pres-
sure liquid refrigerant at the condenser 16 output. High
pressure within the condenser is needed to cause lig-
uidification of the refrigerant. In air conditioning systems
for mobile units, air flow through the condenser 16
absorbs heat from the refrigerant flow. The flow of air
through the condenser 16 is variable ie. the faster the
mobile unit is traveling, or the faster the engine fan is
rotating, or the combination of both, the greater the air
flow and therefor the greater the capacity for heat rejec-
tion from the condenser 16, and visa versa. At times an
added blower is provided with the condenser 16.

The high pressure liquid refrigerant flows from the
condenser 16 through an orifice tube 18 to an evapora-
tor 20. The orifice tube 18 includes a fixed size of open-
ing to allow the high pressure build up by the
compressor, and restricts the amount of refrigerant flow
though out the air conditioning system and in particular
the amount of refrigerant flow through the evaporator
20. The refrigerant flow as it passes through the orifice,
flashes across the orifice to form a foam type liquid
refrigerant output that flows into the evaporator. Ideally
a low temperature, low pressure all liquid refrigerant
flow should enter the evaporator 20 and the refrigerant
at the evaporator 20 output should be all vapor at its sat-
uration temperature (boiling point). It is this boiling of the
refrigerant within the evaporator 20 that changes the lig-
uid refrigerant to vapor that causes the heat absorption
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and provides the cooling effect of the evaporator 20.
The closer the evaporator 20 approaches the ideal con-
dition, the greater its cooling effectiveness. Should the
refrigerant boil off entirely somewhere within the evapo-
rator 20, the vaporized refrigerant flow within the evapo-
rator 20 will cause hot spots within the evaporator 20
and result in an associated loss of effectiveness. Corre-
spondingly a flow of liquid refrigerant from the evapora-
tor 20 also causes a loss in system performance.

The refrigerant output from the evaporator 20 flows
through an accumulator 22 to the compressor 10. If lig-
uid refrigerant flows from the evaporator 20, the accu-
mulator 22 will accumulate the liquid. If no liquid
refrigerant is received then the accumulator 22 bleeds
out stored liquid into the system. In effect the accumula-
tor 22 controls the amount of active refrigerant charge in
the system. Further, it is the combination of the orifice
18 and the accumulator 22 that controls the refrigerant
flow through the system. An orifice system is designed
to operate so that a little liquid refrigerant flows from the
evaporator 20 into the accumulator 22. If too much liquid
refrigerant flows from the evaporator 20, the accumula-
tor 22 acts as a liquid/vapor separator and starts to fill
up with liquid refrigerant and thereby takes refrigerant
charge from the active system. If no liquid refrigerant
flows from the evaporator 20, the accumulator 22 will
bleed out liquid refrigerant into the active system,
thereby keeping the system properly charged. The
accumulator 22 can also include a dehydrator to remove
any water that may have been trapped in the system.

The size of the fixed orifice 18 is selected as a com-
promise solution between system operation for idle or
road run. If set for idle, the system performance will
favor city driving, but will suffer reduced performance in
open road driving. In contrast, if set to favor road run,
then city driving will suffer in performance.

Figures 1-7 will have the same reference numerals
for the same elements. In the known system of Figure 2
the orifice of Figure 1 has been replaced by a tempera-
ture sensing expansion valve 24. The expansion valve
24 includes a charged bulb that senses evaporator 20
output temperature by increasing the pressure within
the bulb as a direct function of temperature ie. as tem-
perature goes up the pressure within the bulb goes up
and vice versa. The pressure within the bulb acts
against a diaphragm that has evaporator 20 output
refrigerant pressure as a reference on the other side of
the diaphragm. The diaphragm operates the valve
mechanism and controls the refrigerant flow there-
through. When an expansion valve is used in a mobile
air conditioning system the expansion valve is set so
that no liquid refrigerant flows from the evaporator 20.
This is done by setting the expansion valve to control
refrigerant flow so that the temperature of the refrigerant
as it exits the evaporator 20 is always beyond the boiling
point of the refrigerant. Therefor, since no liquid refriger-
ant flows from the evaporator 20, there is no need of an
accumulator, and instead the system of Figure 2
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includes a receiver 26 at the output of the condenser 16.
The receiver 26 functions to separate out vapor bubbles
to provide a solid liquid column to the expansion valve
24. The receiver 26 may also include a dehydrator.

Although the temperature sensitive valve 24 may in
certain circumstances provide for better operation
through its variable control of refrigerant flow though the
evaporator 20, the fact that the valve 24 is based on
temperature sensing creates limitations on its effective-
ness. For example, the temperature sensing unit is
inherently slow responding, thereby limiting the capabil-
ity of the valve to promptly respond to system needs. In
addition, because the expansion valve is temperature
sensing, it can not sense whether or not any liquid
refrigerant is present. To prevent excessive liquid refrig-
erant flow from the evaporator 20, the flow through the
evaporator needs to be controlled in a manner that the
refrigerant as it exits the evaporator 20 must be above
its boiling ( all vapor). To accomplish this the expansion
valve temperature sensor is set to control the refrigerant
flow through the evaporator 20 so that the temperature
of the refrigerant as it exits the evaporator is several
degrees above boiling (all vapor). To maintain this exit
temperature, the refrigerant must reach its boiling point
within the evaporator. As a result, with vapor within the
evaporator 20, a corresponding portion of the evapora-
tor will lose its cooling capability (hot spots). A modifica-
tion to the expansion valve was attempted by the use of
an electronic liquid refrigerant detector which would
heat valve temperature sensor, but was found to be slow
in responding. Hence the expansion valve is only a par-
tial, and more expensive, solution to the problems of the
orifice type mobile an conditioning system. Therefor
since the orifice provides a low cost compromise solu-
tion, the orifice tends to more extensively used despite
its limitations.

Figure 3 illustrates a first novel embodiment of the
mobile air conditioning system of the present invention
having a pressure sensitive control valve 28 instead of
the fixed orifice 18. The valve 28 has a variable opening
that controls the flow of refrigerant flow therethrough as
a function of the refrigerant pressure at the input 30 of
the evaporator 20.

Figure 4 depicts another embodiment of the mobile
air conditioning system having a pressure sensitive con-
trol valve 32, with a variable opening that controls the
flow of refrigerant flow therethrough as a function of the
refrigerant pressure at the output 34 of the evaporator
20.

Figure 5 illustrates yet another embodiment of the
mobile air conditioning system having a pressure sensi-
tive control valve 35 that is connected to sense both the
evaporator input and output pressure.

Figure 6 illustrates still another embodiment of the
mobile an conditioning system having a pressure sensi-
tive control valve 36 that is connected in parallel with the
orifice 18 to supplement the flow of refrigerant through
the orifice 18. In Figure 3 the valve 36 is connected so
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as to be controlled by the refrigerant at the evaporator
input 34, but the valve could alternately be connected to
monitor the evaporator 20 output pressure 34 (as illus-
trated by the dashed connection 37) in accordance with
Figure 4. Still further, the embodiment of Figure could
be further modified to sense both the evaporator input
and output pressure in a manner as illustrated in Figure
5. In this embodiment the size of the fixed opening in the
orifice 18 would be selected on the small size with valve
36 providing the added refrigerant flow to improve sys-
tem performance.

Figure 7 illustrates a pressure sensitive control
valve 39 connected to sense the evaporator input pres-
sure. A reference source 38 is connected to a pressure
input port 40 of the valve 39 to provide a reference pres-
sure to which the evaporator output pressure can be
compared. The reference source 38 can be a fixed type,
or a variable type. If variable, the output pressure of the
source 38 can be controlled by a number of inputs. For
example an ambient temperature sensor 42 ( already
provided with some air conditioning systems), an
engine speed sensor 43 (tachometer), a humidity sen-
sor 44, an evaporator 20 output temperature sensor 45
and a vehicle speed sensor 47 (speedometer) can be
connected via analog to digital converters and sample
and hold circuits 51 to the vehicle computer 46. The
computer 46 can periodically scan each sample and
hold circuit 51 in sequence and transfer the various read
outs into memory 57. The computer 46 can be pro-
grammed to provide a weighing factor to each of the
scanned variables, relative to the control valve 39
sensed refrigerant pressure, that can be tailored to
function with the characteristics of the mobile air condi-
tioning system to which the control system of the inven-
tion is being applied. The computer 46 will periodically
analyze all the inputs and provide and output signal to a
sample and hold circuit and digital to analog converter
53 that will store the signal between analysis. The out-
put of the sample and hold circuit will be applied to a
digital to analog converter circuit to provide a composite
electrical control signal to control the output of the refer-
ence source 38. The composite control signal functions
to supplement the evaporator input pressure as the sys-
tem control function. For example, if the ambient humid-
ity increases, or the ambient temperature increases, or
the evaporator 20 output temperature increases, the
contribution of these variable input signals, alone, or in
combination, will be in a direction to create an input to
the composite control signal in a direction to increase
refrigerant flow (and vice versa). In contrast, if the
engine speed increases, or the vehicle speed
increases, the contribution of these variable input sig-
nals, alone, or in combination, will be in a direction to
decrease refrigerant flow. The composite output signal
from the computer 46 will function via the variable
source 38 in a manner to supplement the refrigerant
pressure sensing control to provide to a means by
which the control system of the invention can better
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respond to the multitude of variables that impact the
mobile air conditioning system performance. Although,
Figure 7 illustrates a control system that includes a
pressure sensitive valve that senses evaporator input
pressure, alternately the valve can sense the evaporator
output pressure and the evaporator input pressure can
then be sensed electronically.

The embodiment of the pressure controlled valve
48 illustrated in Figure 8 includes an inlet 50 adapted to
be connected to receive refrigerant flow from the con-
denser 16 and an outlet 52 adapted to be connected to
transmit refrigerant flow to the evaporator 20. The
amount of refrigerant flow is controlled by the position of
the valve stem 54 edge 56 relative to the valve seat 58.
The valve stem 54 is connected to a pin 60, a part of
which is located in the pin bearing 62, so that the pin 60
can move along the bearing 62. The pin end 64 is
pressed fit into a follower 66 which in turn is connected
to a diaphragm 68. A fine tune adjustment spring 70 is
located between the opposite end 72 of the pin stem 54
and a fine tune adjusting screw 74, so as to provide a
pressure on the end 72 to urge the follower 66 against
the diaphragm 68. The diaphragm 68 is connected and
is pressure sealed at its ends to the diaphragm chamber
78 which in turn is mounted by a sealed connection 79
to the valve 48 casing 81. An atmospheric or reference
pressure compensation spring 80 is connected between
vent 82 and a spring follower 84 which urges against the
opposite side of the diaphragm 68. The vent 82 may be
mounted in place to the vent chamber 83 by a pressure
fit, or if an added adjustment is desired, may be
mounted with a threaded connection wherein the vent
82 may be rotated to provide an adjustment for setting
the pressure being applied by the compensation spring
80.

The evaporator input refrigerant pressure is sensed
by the valve 48 by a refrigerant pressure sensing path
86 coupled between the valve stem cavity 88 and the
diaphragm cavity 90. The casing 81 and the diaphragm
cavity 90, when the valve 48 is connected into the air
conditioning system, form a sealed chamber for the
sensed refrigerant at the evaporator input. As the pres-
sure increases, the added pressure on the diaphragm
causes the diaphragm to flex in a direction to move the
stem 56 to reduce the spacing between the stem edge
56 and the valve seat 58 and thereby reduce the size of
the opening 92 available for refrigerant flow. When the
evaporator input pressure decreases the diaphragm 68
causes the size of the opening 92 to increase. The valve
48 functions so as to control the size of the opening 92
as an inverse function of the evaporator input pressure
ie. as pressure goes up, the size of the opening 92
decreases, and vice versa.

The pressure controlled valve 94 of the invention of
Figure 9 has, for the purpose of simplifying the descrip-
tion, the same elements in Figures 8 and 9 with the
same reference numerals. In Figure 9, the flow path 86
of Figure 8 is eliminated and an evaporator output pres-
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sure sensing path 96 is substituted in its place. The
pressure sensing path 96 is adapted to be connected to
the evaporator output 34 of Figures 4,5 and 6 by suita-
ble coupling means. In addition the valve 94 of Figure 9
will also include an O ring 97 between the pin 60 and
bearing 62 so to provide isolation between the evapora-
tor input refrigerant in the valve stem cavity 88 and the
diaphragm cavity 90. The valve 94 will control the size of
the opening 92 as an inverse function of the pressure in
the diaphragm cavity 90 evaporator output pressure in
the same manner as described with regard to Figure 8.

In both the embodiments of the pressure controlled
valves of Figures 8 and 9, the amount of travel of the pin
54 is selected and adjusted by the spring 70 (and spring
80 if made adjustable) so that as the refrigerant input
pressure to the diaphragm chamber 90 can move the
pin 54 to cover the desired range of adjustment of the
opening 92. The arrangement is such that the opening
92 never closes beyond the point of minimum refriger-
ant flow needed to maintain the compressor 10 opera-
ble so that a breakdown in the valves 48 or 94 does not
shut off the refrigerant flow to a level to cause compres-
sor failure.

The valves 48 and 94 of Figures 8 and 9 can be
modified so as to the vent so that it can be coupled as
the port 40 to pressure source 38 of Figures 5, 6 and 7
instead. The pressure source 38 can be designed to be
less than atmospheric pressure (vacuum) or greater
than atmospheric pressure (positive pressure) depend-
ing on design preferences. An increase in pressure
applied to the vent 82 will reduce the effect of the pres-
sure in the diaphragm cavity 90 and will reduce the
valve opening 92, and vice versa.

The designs of the valves 48 and 94 of Figures 8
and 9 can be combined to sense both the evaporator 20
input and output pressure as illustrated in Figure 6, by
including the input pressure sensing path 86 or the out-
put pressure sensing path 96, and by using the vent 82
as the port 40 to provide a path for sensing the other
evaporator input or output pressure.

The evaporators 20 come in a variety of designs, ie.
"S" flow, "U" flow, multipath flow, etc., depending on var-
ious design criterions and the pressure drop across the
evaporator. The pressure drop may be less than 2 Ibs.
and greater than 10 Ibs. With the lower pressure drop
type evaporators it is preferred to use the input pressure
sensing valve of Figure 8 in the embodiment of Figure 3.
If the evaporator 20 is of the type that exhibits higher
pressure drop the valve 94 of Figure 9 may be preferred
to be used in the embodiments of Figures 4, 5,6 and 7
(depending upon design criterions).

The control valves 48 and 94 of the invention of Fig-
ures 8 and 9 primarily sense pressure and changes
therein, and when incorporated into a mobile air condi-
tioning system have a very rapid response time as com-
pared to the much slower known temperature sensing
mechanism of the expansion valves. Therefor these
pressure sensitive valves provide a more responsive
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control that can more readily adjust to the continuous
changing driving conditions and the input variables. Fur-
ther, in contrast to the known expansion valve the con-
trol valves of the present invention disclose a design for
a valve mechanism that has a sufficient degree of
adjustment to provide the desired degrees of refrigerant
flow control, while at the same time provides for limited
travel so that the valve mechanism will not fall in the
closed mode. This assures ample refrigerant flow to the
compressor to prevent compressor break down should
the valve fail. The cost of the valve based on the pres-
sure sensing design can be significantly less than the
more complex known thermal sensing mechanism of
the expansion valves. Still further, a valve embodying
the invention, in its capability in sensing either evapora-
tor input pressure, or output pressure, or both, and with
appropriate modifications, has application for use with a
variety of high, low, or intermediate pressure drop evap-
orators. Valves embodying the invention in addition also
have the capability to be combined with a variable pres-
sure (or vacuum) source. The variable source can pro-
vide an added signal input by which other variables can
be combined with the sensed pressure to provide added
control to enhance the performance of mobile air condi-
tioning systems.

In an orifice accumulator type system, it is the accu-
mulator that controls or regulates the amount of active
refrigerant charge in the system, and it is the combina-
tion of the orifice and the accumulator that control the
refrigerant flow through the system. When excess
refrigerant flows to the evaporator, the liquid overspill
collects in the accumulator. This excess liquid refriger-
ant is held in the accumulator, thereby reducing the
effective refrigerant charge in the system. On the other
hand, when too little refrigerant flows into the evapora-
tor, the accumulator adds more refrigerant into the sys-
tem through the bleed hole. This addition and extraction
of refrigerant to the system increases flow to the evapo-
rator due to the increased amount of refrigerant in the
condensing side of the air conditioning system. This
addition and extraction of refrigerant to the effective
refrigerant system along with the orifice size (valve
opening) provides the evaporator refrigerant flow con-
trol.

In effect the control valves 28, 32, 35, 36, and 39, of
Figures 3, 4, 5, 6, and 7, respectively, function as varia-
ble orifices in an orifice accumulator type air condition-
ing system that provide for a controlled flooded
evaporator operation as the compressor and condenser
capacities change. This is in contrast to the expansion
valve receiver type system of Figure 2. The valves
receive the liquid refrigerant from the condenser and
like the orifice, flash the liquid into a combination of
majority liquid and some vapor during which time there
is a temperature and pressure drop in the refrigerant as
it flows into the evaporator. As mentioned above, since
the valve will not entirely close, the opening in the valve
will vary between upper and lower limits. These limits
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will change for different vehicular an conditioning
designs to satisfy the required refrigerant flow rates in
the various system design specifications. As an exam-
ple, an air conditioning system that delivers 24, 000
BTU/Hr. at maximum cooling loads may have a valve
with an opening that varies to provide an effective varia-
ble orifice with operation limits corresponding to 0.075
inches diameter to 0.045 inches diameter.

The valves sense the pressure of the refrigerant
adjacent to the evaporator 16, at the input (Figures 3
and 7), at the output (Figure 4), at the input and the out-
put (Figures 5 and 6) to control the size of the valve
opening (instantaneous orifice size). The pressure drop
across an evaporator is a function of the amount of
refrigerant flow there through. As mentioned above, the
pressure drop across various models of evaporators is
known or can be measured. If the input pressure is
being measured, since the pressure drop for any evap-
orator design is known, the input pressure when
adjusted for an average known evaporator pressure
drop is in effect a good approximation of evaporator out-
put pressure. As mentioned above, the control of the
valve provides an infinite number of orifice sizes
between the limits of operation is inversely proportional
to the evaporator pressure. This means that as the
sensed pressure increases, the size of the opening in
the valve decreases. Conversely, as the sensed pres-
sure decreases, the opening in the valve increases.

The arrangement is such that as the refrigerant
pumping capacity of the compressor changes due to
changes in engine speed, or as the heat rejection
capacity of the condenser changes due to changes in
air flow there through resulting from changes in vehicle
speed and engine fan speed, or both, the valve, acting
as an variable orifice, responds to the sensed refriger-
ant pressure to vary the valve opening in a direction to
enhance the cooling capacity of the system. For exam-
ple, if the capacity of the condenser and compressor
increase, such as by vehicle acceleration to the road ran
condition, the valve adjusts the size of the opening in a
direction to take advantage of the increased capacities
to increase the cooling capacity of the system. On the
other hand, if such vehicle slows to an idle condition,
then the valve adjusts the opening so as conform the
system to lower compressor and condenser capacities
while preventing excess liquid refrigerant flow to the
accumulator. Hence as can be seen, the variable orifice
effect of the valve tailors the system operation for
enhanced operation for high compressor and con-
denser capacities during high speed road run, and or
lower capacities at idle, and for various capacities in
between.

For ideal evaporator operation, the substantially all
liquid refrigerant from the valves should enter the evap-
orator and the refrigerant at the evaporator output
should be all vapor at its saturation temperature (boiling
point). However, in an orifice accumulator type of sys-
tem the output refrigerant should be substantially total



13 EP 0 855 297 A2 14

vapor, ie. vapor with a low level of liquid flow as needed
by the accumulator to keep the system charged. The
operation of the valves are set to function, over the
above mentioned changes in compressor and con-
denser capacities, so as to control the valve opening in
a direction for pressures at the output of the evaporator
that corresponds to a situation wherein the entire evap-
orator is filled with at least some liquid refrigerant (cor-
responding to saturated liquid refrigerant at saturated
temperature, ie the boiling point of liquid refrigerant) so
as to have a refrigerant boiling action through out the
evaporator to achieve heat absorption over the entire
evaporator, while having saturated refrigerant vapor at
substantially total vaporization (vapor refrigerant at boil-
ing point) adjacent the output of the evaporator so as to
provide the controlled level of a small amount of liquid
refrigerant to the accumulator as may needed to keep
the active refrigerant flow properly charged.

The valve interacts with the accumulator control the
flow of refrigerant in the system with changes in com-
pressor and condenser capacities in a direction toward
evaporator output pressures that follow the refrigerant
pressures in the pressure-enthalpy diagram of Figure
10 along the right hand portion 100 of the bell type
shaped curve 102 marking the division between satu-
rated vapor and total vaporization. The refrigerant within
the bell shaped curve 102 changes from entirely liquid
at the left hand portion 104 to entirely vapor at the right
hand portion 100, with decreasing level of liquid and
increasing levels of vapor from left hand portion 104 to
the right hand portion 100. The refrigerant cycle 106 on
the pressure--enthalpy diagram includes an upper hori-
zontal dashed line 108 representing the action of the
condenser action of liquefying the refrigerant and
extends beyond the bell shaped curve on both sides.
The above mentioned refrigerant flashing action of the
orifice or valves can be represented by a vertical
dashed line 110 extending downward from the end of
the horizontal line 108 to points within the bell shaped
curve 102 wherein the majority of the refrigerant is lig-
uid. The evaporator action can be represented by the
horizontal dashed line 112 extending from the vertical
line across the bell shaped curve 102 within the bell
shaped curve, or to, or beyond, the right hand portion
100 of the bell shaped curve. The refrigeration cycle
102 is completed by the generally vertical dashed line
114 extending upward from the end of the horizontal
evaporator line 112 to the horizontal condenser line 108
representing the action of the compressor.

The relationship of the various dashed lines
depends upon the operation of the air conditioning sys-
tem. If the system is operating along this horizontal line
112 with an evaporator output pressure corresponding
to saturated vapor within the bell shaped curve 102, the
evaporator will output liquid, the amount of which will
depend on the refrigerant pressure. In the case of the
larger fixed orifice of the adapted for road run, during
idle the output pressure would fall within the bell shaped
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curve 102 to a degree to cause the evaporator to output
liquid which will fill the accumulator to reduce the active
charge in the system and thereby reduce the cooling
capacity of the system. In the case of the small fixed ori-
fice of the adapted for idle), during road run the output
pressure would rise within the evaporator to prema-
turely reach the right hand portion 100 of the bell
shaped curve 102 within the evaporator thereby causing
total vaporization within the evaporator and the creation
of the undesirable hot spots. With the control system of
the invention, the flow of refrigerant can be controlled in
the system as the various compressor and condenser
capacities change in a direction so that the evaporator
output pressures (represented by junction 118) closely
follow the right hand portion 100 of the curve 102 in a
manner to either stay, just inside the right hand portion
100 of the bell shaped curve 102, or move back and
forth about and close to the right hand portion 100, as
capacities change so as to reduce the likelihood of the
creation of hot spots with in the evaporator while also
providing the low level of liquid refrigerant flow to the
accumulator to keep the system charged.

During periods of high refrigerant flow through the
evaporator, the pressure drop across the evaporator
may vary by an amount from the average, or design cri-
terion, of the evaporator so that some added compensa-
tion may be desired for the valve of Figure 8 for added
control during the high refrigerant flow rates. In such
case, instead of measuring the pressure at the valve
stern cavity 88, the wall portions of the valve adjacent
the sensing path 86 can be modified so to the form the
venturi tube 120 of Figure 11 (a contraction with a sub-
sequent expansion), or a stepped orifice 124 of Figure
12 (an expansion) and a pressure sensing path 126
connected at the point of expansion 128 of the stepped
orifice 124. With the embodiments of pressure sensing
of Figures 11 and 12, the pressure measurement will
have a compensating factor based on the refrigeration
flow rate.

In addition, although the valve or variable orifice 32
of Figure 4 is illustrated as being physically located
adjacent the input of the evaporator 20, it should be
understood that the valve 32 could just as well be
located adjacent the output of the evaporator 20 in a
manner in which the temperature sensing valve 24 of
Figure 2 is located, so as to reduce the length of the
connection between the evaporator output 34 and the
valve 24 an allow the valve 32 to be more responsive.

The performance of mobile air conditioning sys-
tems is improved with the use of a pressure sensing
valve to control refrigerant flow in the system. The pres-
sure sensing valve is connected between the condenser
and the evaporator. The control valve senses the refrig-
erant pressure adjacent the evaporator, ie. the input, or
output or the combination of both, to control the refriger-
ant flow through the evaporator in a manner to improve
the performance of the system. The reference pressure
for the valve can be the atmosphere or a fixed or varia-
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ble source. Various other operating variables can be
sensed to control the variable source in a manner to
interact with the sensed pressure to provide added con-
trol of system performance.

Claims

1. A variable orifice control system for vehicular air
conditioning systems including a compressor, a
condenser, an evaporator and an accumulator
interconnected in series for cyclic refrigerant flow
therein in which the vehicle engine is arranged to
drive the compressor so that the refrigerant pump-
ing capacity of the compressor varies by increases
and decreases with respective increases and
decreases in vehicle engine speed, along with the
heat rejection capacity of the condenser that
increases and decreases with air flow therethrough
with increases and decreases in vehicle speed and
engine fan speed, characterized in that the control
system comprising a pressure sensitive control
valve having an input port, an output port, a variable
valve between the input port and output port, and a
pressure sensing mechanism coupled to the varia-
ble valve so as to provide a displacement move-
ment thereto as a function of sensed pressure for
controlling the size of the first valve opening, means
for coupling the input and output ports of the pres-
sure sensitive control valve in the air conditioning
system between the condenser and the evaporator,
and means for coupling the pressure sensing
mechanism to sense refrigerant pressure adjacent
the evaporator so that the first valve functions as a
variable orifice and interacts with the accumulator
whereby to vary the amount of refrigerant flowing in
the system in a direction corresponding to changes
in the compressor and condenser operating capac-
ities to enhance system performance.

2. A control system as claimed in claim 1 character-
ized in that the variable orifice and the accumulator
interact to enhance the cooling capacity of the sys-
tem as the compressor and condenser operation
capacity changes, and so as to maintain the refrig-
erant charge of the system.

3. A control system as claimed in claim 1 wherein the
pressure sensitive mechanism is adapted to sense
evaporator input refrigerant pressure.

4. A pressure sensitive valve adapted to control the
amount of refrigerant flow in vehicular air condition-
ing systems that include a compressor, a con-
denser, an evaporator and an accumulator
interconnected for serial refrigerant flow therein, in
which the vehicle engine drives the compressor so
that the refrigerant pumping capacity of the com-
pressor increases and decreases with increases
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and decreases respectively in vehicle engine
speed, and the heat rejection capacity of the con-
denser increases and decreases in air flow there-
through due to increases and decreases in the
vehicle speed and engine fan speed, characterized
in that said valve comprising, a casing for the valve
including an input port adapted to be connected to
receive refrigerant from the condenser, and an out-
put port adapted to be connected to deliver the
refrigerant to the evaporator, a variable orifice valve
located within the casing between the inlet port and
the output port for controlling the size of the open-
ing between the ports, a pressure sensing mecha-
nism adapted to be connected for sensing
refrigerant pressure adjacent the evaporator to pro-
vide a displacement motion that is a function of the
magnitude of the sensed pressure, and a coupling
mechanism connected between the pressure sens-
ing mechanism and the variable valve to control the
size of the opening as a function of the magnitude
of the sensed pressure, whereby the variable valve
is adapted to function as a variable orifice and inter-
act with the accumulator to control the amount of
refrigerant flow through the system so as to vary the
cooling capacity of the system relative to changes
in at least one of the compressor and condenser
capacities to enhance the system performance.

A pressure sensitive valve as claimed in claim 4
characterized in that wherein the accumulator
accumulates liquid refrigerant from the evaporator
and bleeds off accumulated liquid refrigerant to
keep the system charged.

A pressure sensitive valve as claimed in claim 4 or
5 characterized in that the valve opening increases
to increase refrigerant flow with increases in com-
pressor capacity and decreases to decrease refrig-
erant flow with decreases in compressor capacity,
and in which the valve opening increases to
increase refrigerant flow with increases in con-
denser capacity and decreases to decrease refrig-
erant flow with decreases in condenser capacity.

A pressure sensitive valve as claimed in any one of
claims 3 to 5 characterized in that the range of
operation of the variable valve is limited so that the
opening does not close during normal vehicular
operation.

A pressure sensitive valve as claimed in any one of
claims 4 to 7 characterized in that a second sensed
refrigerant pressure is also adapted to be received
and combined with refrigerant pressure sensed
with the first sensed refrigerant pressure to provide
a combined sensed differential pressure, and the
valve is adapted to control the size of the valve
opening in a direction toward evaporator refrigerant
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pressure at the output of the evaporator corre-
sponding to saturated refrigerant vapor at substan-
tially total vaporization adjacent the output of the
evaporator and substantially total saturated liquid
refrigerant at saturation temperature within the
evaporator.

A pressure sensitive valve as claimed in any one of
claims 4 to 8 characterized in that a reference port
adapted to provide a pressure reference source in
which the pressure sensing mechanism senses the
pressure difference between the sensed pressure
and the reference pressure to provide the displace-
ment motion, in which the reference port is adapted
to be exposed to the atmosphere as the reference
pressure, and means for coupling the input and out-
put ports of the pressure sensitive valve in the air
conditioning system at a point between the con-
denser and the evaporator, and means for coupling
the pressure sensing mechanism to sense the
refrigerant pressure adjacent to the evaporator so
that the valve function as a variable orifice to control
the amount of refrigerant flow through the system
whereby to vary the cooling capacity of the system
relative to changes in at least one of the compres-
sor and condenser capacities.

A mobile air conditioning system including a com-
pressor, a condenser, an evaporator and an accu-
mulator interconnected in series for cyclic
refrigerant flow therein, in which a vehicle engine
drives the compressor so that the compressor
capacity is a function of engine speed, and the
capacity of the condenser is a function the vehicle
speed and engine fan speed, a control system for
controlling the flow of refrigerant flow in the system
characterized in that a control valve connected in
the system between the condenser and the evapo-
rator to control the refrigerant flow through the sys-
tem, said control valve being responsive to input
signals to vary the flow of refrigerant flow there
through, a sensor for detecting refrigerant pressure
adjacent to the evaporator and at least one of a plu-
rality of variables including ambient temperature,
ambient humidity, engine speed, vehicle speed and
evaporator output temperature, and means for com-
bining the output of the pressure sensor with at
least the output of one of the plurality of variables
as input signals to the control valve to control the
refrigerant flow in the system with changes in at
least one of the compress and condenser capaci-
ties to enhance system performance.

A pressure sensitive valve adapted to control the
amount of refrigerant flow in the mobile air condi-
tioning systems as claimed in claim 10 character-
ized in that the compressor, the condenser, the
evaporator and the accumulator interconnected for
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serial refrigerant flow therein, and the vehicle
engine drives the compressor so that the refrigerant
pumping capacity of the compressor increases and
decreases respectively with increases and
decreases in the vehicle engine speed, and the
heat rejection capacity of the condenser increases
and decreases with air flow there through with
increases and decreases respectively in vehicle
speed and engine fan speed, said valve compris-
ing, a casing for the valve including an input port
adapted to be connected to receive refrigerant from
the condenser, and a output port adapted to be
connected to deliver the refrigerant to the evapora-
tor, a variable valve located within a casing between
the inlet port and the output port for controlling the
size of the opening between the ports, a pressure
sensing mechanism adapted to be connected for
sensing evaporator refrigerant pressure adjacent
the evaporator to provide a displacement motion
that is a function of the magnitude of the sensed
pressure, and a coupling mechanism adapted to be
connected between the pressure sensing mecha-
nism and the variable valve to control the size of the
opening as a function of the magnitude of the
sensed pressure to control the amount of refriger-
ent flow in a direction toward refrigerant pressures
adjacent the output of the evaporator correspond-
ing to substantially total refrigerant vaporization
thereby to control the heat absorbing capacity of
the evaporator relative to changes in at least one of
the compressor and condenser capacities to
enhance system performance.

A pressure sensitive valve as claimed in claim 11
characterized in that the variable valve is respon-
sive to the displacement action of the pressure sen-
sitive mechanism to control the size of the valve
opening to control the amount of refrigerant flow to
the evaporator refrigerant pressure in a direction to
correspond to saturated refrigerant vapor at sub-
stantially total vaporization adjacent the output of
the evaporator and substantially total saturated lig-
uid refrigerant at saturation temperature within the
evaporator, in which the size of the valve opening
increases to increase refrigerant flow with
increases in compressor capacity and decreases to
decrease refrigerant flow with decreases in com-
pressor capacity, and also the size of the valve
opening increases to increase refrigerant flow with
increases in condenser capacity and decreases to
decrease refrigerant flow with decreases in con-
denser capacity.

A vehicular air conditioning system including a
compressor, a condenser, an evaporator and an
accumulator interconnected in series for cyclic
refrigerant flow therein and the vehicle engine
drives the compressor so that the refrigerant pump-
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ing capacity of the compressor increases and
decreases with increases and decreases in vehicle
engine speed, and the heat rejection capacity of the
condenser increases and decreases with an flow
there through with increases and decreases in vehi-
cle speed and engine fan speed, a control system
for controlling the flow of refrigerant flow in the sys-
tem characterized in that a pressure sensitive con-
trol valve having an input port, an output port, a
variable valve mechanism there between having a
variable opening for connecting the input port to the
output port and a pressure sensing mechanism
coupled to the variable valve mechanism for provid-
ing a displacement movement thereto for control-
ling the size of the opening of the valve mechanism,
means for coupling the input and output ports of the
pressure sensitive valve in the air conditioning sys-
tem at a point between the condenser and the
evaporator, and means for coupling the pressure
sensing mechanism to sense the refrigerant pres-
sure adjacent to the evaporator to control the refrig-
erant flow through the valve mechanism as a
function of the magnitude of the sensed pressure in
a direction toward evaporator pressures adjacent
the output of the evaporator corresponding to sub-
stantially total refrigerant vaporization so as to con-
trol the heat absorbing capacity of the evaporator
relative to changes in at least one of the compres-
sor and condenser capacities to enhance system
performance, and the accumulator accumulates lig-
uid from the substantially totally vaporized refriger-
ant output of the evaporator and bleeds off the
accumulated liquid refrigerant to keep the system
charged.

An air conditioning system as claimed in claim 13
characterized in that the variable valve is respon-
sive to the displacement action of the pressure sen-
sitive mechanism to control the size of the valve
opening in a direction towards evaporator refriger-
ant pressures corresponding to saturated refriger-
ant vapor at substantially total vaporization
adjacent the output of the evaporator and substan-
tially total saturated liquid refrigerant at saturation
temperature within the evaporator, and the size of
the valve opening increases to increase refrigerant
flow with increases in compressor capacity and
decreases to decrease refrigerant flow with
decreases in compressor capacity.

A method of operating a vehicular air conditioning
systems including a compressor, a condenser, an
evaporator and an accumulator interconnected in
series for cyclic refrigerant flow therein and wherein
the vehicle engine drives the compressor so that
the refrigerant pumping capacity of the compressor
increases and decreases with increases and
decreases in vehicle engine speed, and the heat
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rejection capacity of the condenser increases and
decreases in vehicle engine speed, and the heat
rejection capacity of the condenser increases and
decreases with air flow there through with
increases and decreases in vehicle speed and
engine fan speed, characterized by the method for
controlling the system comprising, sensing the
pressure of the refrigerant adjacent the evaporator,
controlling the flow of refrigerant through the evap-
orator with a valve that is responsive to the sensed
pressure so as to function as a variable orifice to
control refrigerant in a direction to enhance the
cooling capacity of the system as a function of the
compressor and condenser capacities, whereby
the controlling step enhance the cooling capacity of
the system to increase as either or both the com-
pressor and condenser capacities flucuate.

A method as claimed in claim 15 characterized by
the sensed pressure corresponds to the output
pressure of the evaporator, and the control step
controls the flow of refrigerant in a direction so that
the pressure at the output of the evaporator corre-
sponds to saturated vapor in which the refrigerant is
substantially all vapor with a minor amount of liquid,
and the controlling step interacts with the operation
of the accumulator so as to provide levels of liquid
refrigerant from the evaporator as needed to keep
the active refrigerant in the system charged, and
the sensing step includes adjusting the sensed
pressure as a function of the flow rate of the refrig-
erant.



EP 0 855 297 A2

14

16

o daaas
ooooooooo:r
-

18

22

\\

FIG. 1

PRIOR ART

D \VATAVAVAVAYAVAVAYAVAVAVATAY,

12

14



EP 0 855 297 A2

I
N g
=
<k
U |
4\] ~t
? ")

13



16

EP 0 855 297 A2

Tavars

FIG. 3

-
0000

[}

K]

R ——
M (PATAYAVAVAYAAVAVAVATAVATAVATA"A BN
e rwrretreTrrerr e ]

h \PATATAVAVATATAVAVAYAYATAYASATAYA B

14Al

14



EP 0 855 297 A2

FIG. 4

N \VATATAYAVAVAVAVAVAVAVAVAYAYAVAYA M

S \7AVA%A%AYAYATAYAVATAYAAASA"A"S M

WEB \VAYAYAVAYAVAVAYAVAVAAVAVAVAVAYA G

W \TATATAYAYATAYATATAAAVAVATAYAYA W

R \TATAVAVAYATAVAVAVAVATAVAVAVAYAVA

15



EP 0 855 297 A2

14
14

FIG. 5

000000000

34

D PATATATAYATAVAYATATAVAVAYAVATAYS G

R \VATATATAVAVAVAVAVAVAVAVAVATATAYA

20

D \VATAVAVATA"AVATAVAVATAVAVAVAVATA W
I

U0 \AVAYAVAYAVAYAVAVAVAVAVAVAVAYAYS B

35

\.

16



EP 0 855 297 A2

~16

18

30

\\

FIG. 6

el |
tx_r

D \TAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYa BN

17



EP 0 855 297 A2

<

\\

FIG. 7

R \AVAVAVAVAYAVAVAVAVAVAVAVAVAVAYA MR

VAVATAVAVAVAVAVAYA S

A GO0 000000
w 0
_‘
\_0©C0000O0O0 044
i
~ =
o
—0
oW (=== ~
:!_:EZ"’\SU 7o}
05 <<
> ~r
NP
> -
% o~
5 — =
o (Vo]
’_o_% ~ a =
= )
ozm
Ll Z o A
a g
< v <C N © g
> ~t
L k V ( \SATAvAS
I o) 10
< Lt s
o | eSSy
aA o T > aT ma._,_,g
=2 >~ » o ] - 5(/)05:
~C U\ O ~C U (2 Lol
Sio <O
v >g|_‘_,(f) -
o
— >
N
(a - St -\
Lt
EQ-OJ o
Z — 1 <t
(Y \k
~ =
—— S ™
ol ~t
Z&o o T -~
L=h
D=z [P
<t U
=rLd
«<C w

18



EP 0 855 297 A2

SN

—32

19



EP 0 855 297 A2

952

40 94
82 —
( () Vi
1% 2
M%f—so
84\@/@ S I
b\gmsxxks_ %Lyﬁﬂ& C :
% 76
66—V 19
96 ¥: N 90
60— [ S
%] N
54—§§\ 8
58 \ D
56- s \ D
70+<T=,
74 ﬁ

4

FIG. 9

20



PRESSURE IN PSIA

EP 0 855 297 A2

SATURATED
LIQUID

100
VAPOR
SATURATED
VAPOR
ENTHALPY IN BTU PER LB ABOVE SATURATED LIQUID
FIG. 10

Alj 126

SN

32
54 128
§§§§ ~124

\
7 4 92 81
FIG. 11 FIG. 12

21




	Abstract
	Claims
	Description
	Drawings

