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A process for

Injection molding of thermoplastic materials which includes a nozzle body having a bore to provide a flow path for

molten thermoplastic. One end of the nozzle body Is adapted for connection with a sprue of an associated mold body, and the
other Is adapted for connection with an end of an associated injection molding machine. The nozzle body has a shut-off valve fluid
pin housing adapted for reciprocating movement in the nozzle bore to control the flow of plastic through the nozzle body. The shut-

off valve fluid
communicatin
actuated to al

cavity In the tr

pin housing also Includes a body having a fluid pin with a tip portion and the other end of the fluid passage
g with a source of two pressurized fluids, one In vapour and liquid phase and another in gas. The shut-off valve Is
ow thermoplastic material to flow and subsequently a first pressurized fluid vapour is allowed to flow to form a hollow
ermoplastic material and then terminated and a second fluid which is a gas Is allowed to flow into the cavity or it may

be followed by the liquid of the first fluid vapour. After the thermoplastic material has set, the pressurized fluid is vented through the
fluild pin housing passage Into a fluid condenser for recovery of the vapour and liquid and then into atmosphere.
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ABSTRACT

A process for injection molding of thermoplastic materials which
Includes a nozzle body having a bore to provide a flow path for molten
thermoplastic. One end of the nozzle body is adapted for connection with a sprue
of an associated mold body, and the other is adapted for connection with an end
of an associated injection molding machine. The nozzle body has a shut-off valve
fluid pin housing adapted for reciprocating movement in the nozzle bore to control
the flow of plastic through the nozzle body. The shut-off valve fluid pin housing
also includes a body having a fluid pin with a tip portion and the other end of the
fluid passage communicating with a source of two pressurized fluids, one in vapour
and liquid phase and another in gas. The shut-off valve is actuated to allow
thermoplastic material to flow and subsequently a first pressurized fluid vapour is
allowed to flow to form a holiow cavity in the thermoplastic material and then
terminated and a second fluid which is a gas is allowed to flow into the cavity or
It may be followed by the liquid of the first fluid vapour. After the thermoplastic
material has set, the pressurized fluid is vented through the fluid pin housing

passage into a fluid condenser for recovery of the vapour and liquid and then into

atmosphere.
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The present invention relates to a method for injection molding
thermoplastic materials. More specifically the invention relates to a nozzle for the
iInjection molding of thermoplastic materials in which two pressurized fluids are

Introduced into the molten thermoplastic during the process.

In injection molding, it is known that to urge the molten thermoplastic
In an injection mold outwardly into contact with the mold surfaces by exerting
pressure on the plastic material is an advantage. This pressure aids the external
surface of the plastic material in assuming the precise shape dictated by the mold
surface. Such pressure may be applied by a first fluid vapour, such as carbon
dioxide vapour, then a second fluid air and then a liquid phase of first fluid, carbon
dioxide, all of which are injected into the molten plastic in the mold space. The
fluid injected part has the further advantage of using less plastic and is lighter than

If the part were solid plastic.

Of more importance is that the plastic will not have a tendency to
shrink away from the mold walls during cooling since an internal fluid pressure will
keep it expanded against the walls. ‘

The above process is often called dual fluid injection molding where
the vapour and liquid phase of one fluid and another non-viscous gas are used. The
first fluid may be carbon dioxide nitrogen, or Freon, and second fluid which is a gas;
and must be different from first fluid, may be air, carbon dioxide nitrogen or Freon.
The term "Freon"” shall include Freon and its equivalents such as R12 etc.

After all the fluids are injected, a pressure is maintained on the fluid
In the hollow fluid space in the mold cavity called hollow cavity, until the molten
plastic has set due to cooling. The mold then is released of the mixture of

pressurized fluid in the hollow cavity and the molded part is then taken out of the

mold cavity.

The prior art valve assemblies have the disadvantage that the fluid
control, as the fluid enters the sprue area and molten plastic stream, is not
adjustable for various conditions and plastics. Also during gas venting from the
components, the fluid passage may be used resulting in molten plastic remaining

In the nozzle or mold space being vented back along with the fluids. This condition
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may clog the fluid passage in the nozzle and the fluid lines downstream from the
nozzle and the nozzle becomes unusable until it is cleaned out, which is time
consuming and expensive.

Also, considerable time is involved in the mold cooling to set the

molten plastic.

In view of the foregoing problems, it is considered desirable to develop
a new and improved injection molding nozzle and process which would overcome
the above while providing better and more advantageous results.

It iIs a further object to provide a method and apparatus in which a
fluid nozile has an orifice of adjustable area and has a higher coefficient of
discharge of a nozzle during fluid injection and a lower coefficient of discharge of
an orifice during venting due to its shape, thereby preventing thermoplastic material
dragging through the fluid bore during venting.

Another advantage of the process is injecting liquid which evaporates
at 1ts partial pressure, which is the pressure exerted by its vapour when it alone
occuplies the cavity, and its temperature is the same as that of the fluid mixture.
The fluid liquid evaporation at lower saturation temperature at lower vapour
pressure that with a single fluid is called saturation pressure that determines
saturation temperature, provides cooling after it is injected and provides further
cooling by evaporation due to lowering of total pressure, which is the sum of partial
pressure of gases in cavity, during venting. This cooling is provided to the fluid
hollowed section of the plastic in the mold, runner, and sprue and reduces the
overall cycle time of the molding process.

Other advantages of the invention are the ability to exhaust the cavity
faster by enlarging the orifice opening after initial venting and re-injecting a small
quantity of molten thermoplastic in the hollow core to seal the opening at the sprue
or runner, while maintaining the gaseous and’ liquid fluid bore closed preventing
entry of molten plastic into the passage.

A further advantage of the invention is the ability to cool the mold

component hollow side without changing pressure or temperature of the injection

fluids, as latent heat is taken by the first fluid.
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Another advantage, to provide a fixed fluid pin that is initially
adjustable during injection machine set up and incorporates a fixed fluid pin support
and means for fine adjustment.

Figure 1 is a side elevational view in cross section of the nozzle
assembly connected between a mold body and a screw ram of an injection molding
apparatus with the shut-off valve body shown in the open position; also, is shown
the pressurized dual fluid circuit associated with the nozzle assembly;

Figure 2 is an enlarged cross-sectional view through the shut-off valve
body that incorporates within its bore the adjustable fluid pin and fluid passage;

Figure 3 is an enlarged side elevational view in cross section of the
molten thermoplastic shut-off nozzle assembly and fluid pin orifice, both shown in
the open position;

Figure 4 is a side elevational view in cross section of the nozzle
assembly with a fixed fluid pin connected between a mold body and a screw ram
of an injection molding apparatus; also is shown the pressurized dual fluid circuit
assoclates with the nozzle assembly;

Figure 5 Is also a side elevational view in cross section of the nozzle
assembly with a fixed fluid pin connected between a mold; also is shown an
alternative pressurized dual fluid circuit associated with the nozzle assembly;

Figure 6 is a side elevational view in cross section of the nozzle
assembly with a fixed fluid pin; also is shown a second alternative pressurized fluid
circuit having both a vapour and liquid phase;

Figure 7A is an enlarged side elevational view in cross section of the
shut-off nozzle and fixed fluid pin and fixed pin support nut; and

Figure 7B is a section view of the nozzle of Figure 7A as indicated.

Referring to the drawings, Figure 1 shows the nozzle assembly A

connected between a mold body B and a screw ram C of an injection molding
device. Also shown in Figure 1 is the pressurized dual fluid circuit associated with
the shut-off nozzle valve shown in the open position.

Nozzle assembly A, shown enlarged in Figure 3, includes a

thermoplastic shut-off valve 15 which reciprocates to stop and start plastic flow
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63 by making seal contact at 16a, the shut-off valve tip 16 seal surface, with

nozzle tip 23.

As seen in Figure 3, the thermoplastic shut-off orifice is shaped at seal
surface 16 to permit line seal contact at 16a. This is accomplished by reducing the
outside taper of pin body 16 and increasing the taper of the inside surface of nozzle
tip 23.

Also located within shut-off valve 15 is an adjustable fluid pin 10
within bore 17 which is adjustable by cylinder actuator 11. Fluid pin 10 extends
along the longitudinal axis of ﬂuid passage bore 17 and shut-off valve 15 and
terminates at piston rod 13 within pin actuator cylinder 11.

Piston rod 13 has a tapered slot 22 in contact with fluid pin 10 so that
movement of piston rod 13 by actuator cylinder 11 moves fluid pin 10. It can be
seen that fluid pin 10 may be positioned in a finite number of positions by
movement of piston 12 attached to piston rod 13.

The dual circuit for injecting pressurized gas, fluid vapour or liquid into
the molten thermoplastic is shown in Figure 1. The fluid enters nozzle assembly A
at inlet 21 by way of fluid line 26 which may be supplied either a gas, fluid vapour
or liquid by the following fluid circuit.

A dry filtered air supply enters line 34, check valve 37 and air booster
36 where the pressure may be increased up to 2,500 Ibs per square inch and stored
In storage tank 35 after passing through check valve 38. Pressure switch 42 and
gage 41 determines the air pressure in storage tank 35.

When it is desired to inject a pressurized fluid which is air into fluid
Inlet 21, on/off valve 44 is actuated to the on position and three-way valve 46 is
actuated to permit air to pass through line 45 to line 26 and inlet 21. The air

pressure in line 26 is controlled by pressure reducing valve 43.

Another non-viscous fluid which may be injected in inlet 21 is carbon
dioxide also indicated as (CO,) which is placed in accumulator 27. The top of
accumulator 27 will contain CO, vapour shown at 57 and the bottom liquid CGQ,
shown at 56. The pressure maintained in accumulator 27 is 100 to 1000 Ibs. per

square inch depending on the pressure set by valve 47 which may be a spool or ball
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valve, venting fluid in the fluid condenser 55 which incorporates a liquid float valve
or a condensate pump. The same or more pressure acts in circuit containing liquid
pump 30, air operated solenoid on/off valve 28, and check valves 29, 25, and liquid
line 32 depending whether the fluid condenser 55 liquid float valve or condensate
pump Is used.

The venting circuit for fluid mixture is through three-way valve 46, line
48 and three-way valve 47, which may vent to atmosphere or direct the fluid to
fluid condenser 55. Condenser 55 liquid float valve or condensate pump permits
the passage of condensed liquid to accumulator 27 through line 49 and check valve

50. To remove the remaining fluid mixture, which is mainly air, condenser 55 is

vented to atmosphere.

If it is desired to supply CO, vapour 57 to inlet 21, on/off valve 52 is
actuated to permit CO, vapour 57 to pass through line 51, check valve 53, and
open valve 46 to fluid line 26 and fluid inlet 21.

In reference to Figure 1, when it is desired to flow plastic 63 into mold
body B, a hydraulic screw ram of the screw ram assembly C is actuated thereby
pressurizing a type of thermoplastic material which is caused to flow through the
main body of nozzle assembly A and into the longitudinal bore 20a (Figure 3) of the

nozzle assembly front coupling tip 23.

The shut-off pin 15 (Figures 1 and 3) is then moved rearward as
shown. When this occurs, the bore 20a is opened at line seal surface 16a and
thermoplastic material 63 is allowed to flow into sprue 20 of the mold body B. The
molten plastic material 63 then flows into runner 58 between a pair of mold halves

59 and 60.

To keep the plastic material in a molten state as it flows through the
nozzle assembly, electric heater elements 61 may be affixed around the outer
periphery as illustrated in Figure 1 or internally through cartridge rods (not shown).

After the molten plastic has begun to flow into sprue 20, a pressurized
first fluid, which is non-reacting with the molten plastic, such as carbon dioxide
vapour, Is introduced at inlet 21 and enters fluid passage bore 17 in shut-off valve

fluid pin housing 15. The carbon dioxide vapour passes around adjustable pin 10
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and past conic section pin tip 24 orifice to create a hollow fluid passage in sprue
20 and runner 58 in the molten plastic material 63 flowing into mold cavity 62.
The carbon dioxide vapour is supplied to inlet port 21 by actuating valve 52 and 46
permitting gas to pass from vapour supply line 51 to line 26 where first fluid vapour
enters inlet 21.

The first fluid, carbon dioxide vapour, injection is shut off by closing
valve or pressure switch 52. Fluid injection at inlet 21 of a second fluid, which is
air, 1s started by opening valve 44 and 46. The second fluid, air, passes from
storage tank 35, through air lines 40, 45, to line 26 by way of open valves 44 and
46. The air then passes through the same passage the first fluid, carbon dioxide
vapour, passed going into the hollow passage in the molten thermoplastic in sprue
and runner and into the hollow cavity in mold cavity 62.

When mold halves 59 and 60 receive the predetermined quantity of
thermoplastic material, the shut-off valve body 15 is moved forward making
contact with nozzle 23 at line seal 16a due to the outside taper on valve body 15
and inside taper on nozzle tip 23, to terminate the flow of plastic material.

The injection of air is terminated, and pressurized liquid carbon dioxide
(CO,) is pumped into fluid inlet 21 from accumulator 27 through liquid line 33, and
then through the same passage that air had passed into the hollow cavity in the
thermoplastic material.

The pressurized liquid (CO,) continues to flow through fluid passage
bore 17, around fluid pin 10, and over pin tip 24 orifice to enter hollow passage in
sprue and runner and into the hollow cavity in the plastic in the mold cavity 62. As
the carbon dioxide liquid enters the hollow cavity, it will start to evaporate into a
vapour which will increase the fluid pressure and further pack the thermoplastic
material in the mold cavity to conform to the mold cavity shape.

The thermoplastic in the mold cavity will also be cooled by the liquid
CO, evaporation which shortens the time for cooling the thermoplastic to maintain
Its shape and permit earlier venting of the hollow cavity.

The injection of liquid CO, is terminated at a predetermined pressure

by pressure switch 65 which stops liquid pump 30.
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After the mold has cooled to permit the thermoplastic to set and
maintain its shape, the pressurized fluid mixture in the hollow cavity can be vented
back after adjusting the opening of fluid pin 10, and opening valve 46 to the
venting line 48.

The preferred embodiment of the process for injection and exhaust of
the non-viscous fluids into the mold cavity 62 consists of the following:

A first fluid vapour 57 from accumulator 27, at a pressure of 300 Ibs.
per square inch, enters line 51 and passes through on/off valve 52, check valve 53,
three-way ball valve 46, the line 26 and fluid inlet 21. The fluid vapour 57 enters
fluid bore 17, within shut-off valve member body 15. The fluid bore 17 has an
adjustable orifice at pin tip 24 controlled by fluid pin10 having a conic shaped pin
tip 24 and pin 10 adjustable in and out by pin actuator cylinder 11.

With the fluid pin 10 in the open position, vapour 57 enters the sprue
20 after thermoplastic material 63 has been allowed to flow into the mold body B.
The entering of the pressurized vapour 57 into sprue 20 creates a hollow passage
in the thermoplastic 63 due to the conic contouf of fluid pin tip 24. The hollow
passage continues through the thermoplastic into the runner 58 and to hollow
cavity in thermoplastic in mold cavity 62 pushing thermoplastic against the mold
cavity walls. The vapour injection is terminated by closing valve 52.

A second fluid, which is air, is supplied from storage tank 35 at a
pressure of up to 2,500 Ibs per square inch set by pressure reducing valve 43. The
second fluid, air, passes through the same passage as the first fluid vapour, into the
hollow cavity for packing.

To further pack the thermoplastic and improve the molding process,
first fluid 56, In liquid phase, is pumped into inlet 21 from accumulator 27. Valve
28 and fluid pin 10 are placed in the open position. The liquid is pumped from
accumulator 27 by pump 30 through check valve 29, on/off valve 28, line 32, and
check valve 25. The liquid passes through pump 30 into line 33, which has

pressure gage 64, pressure switch 65, and check valve 31, prior to entering line 26

and inlet 21.
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The liquid 56 enters bore 17, open pin 10, and passes out conic pin
tip 24 orifice into passage in sprue and runner and hollow cavity. The injection
liquid, which may be either carbon dioxide, Freon or nitrogen, does compress and
pushes the vapour-air mixture into hollow cavity in mold cavity 62 increasing the
packing of the thermoplastic material. Pressure switch 65 stops pump 30 at set
pressure.

Once the liquid 56 enters the hollow passage in sprue 20, it will start
to evaporate and increase the pressure within the hollow cavity and cool the hollow
cavity surfaces. The pressure rise due to evaporation of liquid increases the
packing of the thermoplastic. The increased cooling due to the evaporation will

shorten the time necessary for the thermoplastic to set up.

When the thermoplastic has set, pin 10 is adjusted to vent at desired
flow rate, both the liquid and gas through bore 17, outlet 21, into line 26, ball valve
46, line 48 and three-way ball valve 46, line 48 and three-way ball valve 47.

Ball valve 47 will permit the vented fluid to either be vented to
atmosphere or pass into fluid condenser 55, which has a liquid float valve or a
condensate pump to permit condensed liquid to pass into line 49, check valve 50,
to the top of accumulator 27. The fluid condenser 55 also has an electric operated
relief valve to remove the remaining air vapour mixture by venting to atmosphere.

Venting of the fluid into fluid condenser 55 will save seventy to eighty
percent of the fluid injected. When the fluid pressure in the hollow cavity is
reduced to a predetermined value, it may be vented to atmosphere by actuating ball
valve 47 to save cycle time. The molded part is then removed from mold cavity
62.

A second embodiment of the fluid circuit is the injection of a vapour

phase fluid at a pressure of 300 psi to 500 psi followed by pumping said vapour

phase fluid in a liquid phase at a pressure higher than the hollow cavity pressure,

iInto the hollow cavity.

A third embodiment is the injection of carbon dioxide gas, Freon gas,
or nitrogen gas followed by injection of high pressure air around 2,500 Ibs per

square inch for final packing of the molten thermoplastic.
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Figure 4 is an embodiment of the invention using a fixed fluid pin 68
having a fixed fluid pin tip 69 and a fluid pin support holding nut 70. The fixed pin
Is adjusted for a particular injection machine set up by threading the pin in or out
of support nut 70. The pin tip 69 may contain a slot, hex head, star or other
means to assist a tool for threading pin 68 In support nut 70. The pin tip 69 may
be shaped and positioned for adjusting controlled fluid flow depending on the
thermoplastic, the fluid, and injection machine conditions.

Figure 4 fluid circuit incorporate check valve 66, pressure reducing
valve 67 and gage /7. Valve 67 is necessary when the fixed pin 68 in
Incorporated, since it is necessary to vary the fluid pressure independent of the pin
during the injection cycle.

Figure 5 fluid circuit eliminates the liquid phase of the circuit of Figure
1, Figure 4, and Figure 6.

Figure 6 is also a fixed fluid pin. However, the fluid circuit
iIncorporates both a vapour and liquid phase. The fluid circuit eliminates the air
portion of the fluid circuit of Figure 1, Figure 4 and Figure 5.

Figures /A and 7B are enlarged nozzle views of the fixed pin 68
support nut /0 within the valve body 15. Figure 7B is a section view of Figure 7A
at the support nut 70 showing holes 72 and passageway 76 for fluid passage
through nut 70.

In Figure /A is shown the groove or slot 73 to receive holding nut 70,

which may be screwed or a press fit in valve body 15. The pin nozzle body 16 is
attached to valve body 15 at threads 74. Fixed fluid pin 68 is attached to holding
nut 70 by threaded hole 75.

The thermoplastic that is injected through the nozzle assembly may be

polypropylene, polystyrene, ABS or any suitable plastic including thermoset plastic.

The article produced in the mold cavity can be components in forming

automotive products such as consoles and consumer products such as cabinets as

well as many other items.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for dual fluid injection molding thermoplastic or thermoset
material comprising:

providing a nozzle body through which molten thermoplastic or
thermosetting material flows with a valve member having a bore through which

fluid flows:

providing within the valve member bore a fixed fluid pin to establish

a passage through which fluids flow;

communicating the nozzle body with a mold space into which the

material flows:

actuating the valve member to allow the material to flow through the
nozzle body into the mold space;

subsequently allowing a first pressurized fluid in vapour phase flow
through the valve member bore and fluid passage around said fixed pin into the
thermoplastic or thermosetting material to form a hollow cavity in the material;

subsequently allowing a second pressurized fluid of a different
chemical composition than the first fluid to flow through the valve member bore
and fluid passage into the hollow cavity;

actuating the valve member to terminate the flow of the thermoplastic
or thermosetting material in the nozzle body;

subsequently pumping the first fluid in a liquid phase at a pressure
higher than the hollow cavity pressure to flow through the valve member bore and
fluid passage around the fixed pin into the hollow cavity where it will start to
evaporate at the partial pressure of the first pressurized fluid in vapour phase and
thereby form a mixture of pressurized fluids;

continuing to allow the first fluid liquid to evaporate and convert to a
vapour fluid which will continue packing of the thermoplastic or thermosetting

material to conform to the hold space;

11 -



10

15

20

25

30

2155396

cooling the thermoplastic material or curing the thermosetting material

to form a thermoset material:

subsequently venting the mixture of pressurized fluids from the hollow

cavity in the thermoplastic or thermoset material through said fluid passage.

2. A method for molding thermoplastic or thermoset material comprising:
providing a nozzle body through which molten thermoplastic or

thermosetting material flows with a valve member having a bore through which

fluid flows:

providing within the valve member bore a fixed fluid pin to establish

a passage through which fluid flows;

communicating the nozzle body with a mold space into which the

molten thermoplastic or thermosetting material flows;

actuating the valve member to allow the molten thermoplastic or
thermosetting material to flow through the nozzle body into the mold space;

subsequently allowing a first pressurized fluid to flow through the
valve member bore fluid passage and around said fixed pin into the thermoplastic
or thermosetting material to form a hollow cavity in said material:

subsequently allowing air in gas phase to flow through the valve

member bore and fluid passage into the hollow cavity wherein the air mixes with

the first pressurized fluid;

actuating the valve member to terminate the flow of the thermoplastic
or thermosetting material in the nozzle body;
cooling the thermoplastic material or curing the thermosetting material

until the material has set:

subsequently venting the mixture of pressurized fluids from the hollow

cavity in the thermoplastic or thermoset material through the fluid passage around

the fixed pin and valve member bore.

3. A method for dual phase fluid injection molding thermoplastic or

thermoset material comprising:

- 19 -
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providing a nozzle body through which molten thermoplastic or
thermosetting material flows with a valve member having a bore through which fluids
flows;

providing within the valve member bore a fixed fluid pin to establish a
passage through which fluids flow;

communicating the nozzle body with a mold space into which the
material flows;

actuating the valve member to allow the material to flow through the
nozzle body into the mold space;

subsequently allowing a first vapour phase fluid at a pressure of 300 psi
to 500 psi to flow through the valve member bore and fluid passage around said
fixed pin into the thermoplastic or thermosetting material to form a hollow cavity in
the material;

actuating the valve member to terminate the flow of the thermoplastic
or thermosetting material in the nozzle body;

terminating the flow of said first vapour phase fluid after the vapour
phase pressure in said cavity reaches saturation pressure;

subsequently pumping the first fluid in a liquid phase at a pressure
higher than the hollow cavity pressure to flow through the valve member bore and
fluid passage around said pin into the hollow cavity where it will start to evaporate at
the vapour pressure of the first pressurized fluid;

continuing to allow the fluid liquid to evaporate and convert to a vapour
fluid which will continue packing of the thermoplastic or thermosetting material to
conform to the mold space;

cooling the thermoplastic material or curing the thermosetting material
to form a thermoset material;

subsequently venting the mixture of pressurized fluid from the hollow

cavity in the thermoplastic or thermoset material through the fiuid passage and valve

member bore.

- 13-
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4. The method of claim 1 further comprising the step of venting the
mixture of pressurized fluid into a fluid condenser and condensing the vented fluid
into the liquid phase until the cavity pressure has dropped a predetermined value

and then venting fluid to atmosphere.

O. The method of claim 4 further comprising the step of returning the liquid
from the fluid condenser to an accumulator providing recovery of the first fluid liquid

for reuse in a subsequent cycle.

6. The process of claim 1 wherein the terminating of the flow of
thermoplastic or thermosetting material is accomplished after a predetermined

quantity has entered the mold space.

7. The process of claim 2 wherein the first fluid is carbon dioxide.

8. The process of claim 4 wherein the predetermined value of pressure
controls the initial temperature of evaporation of the first fluid liquid in the cavity due

to the presence of the first fluid vapour at its partial pressure in the fluid mixture.

9. The process of claim 1 wherein the first fluid liquid is prevented from

evaporation in the valve member bore by providing insulation.

10. The process of claim 3 wherein the first fluid is carbon dioxide in vapour

and liquid phase.

11. The process of claim 1 wherein the first fluid is Freon in vapour and
liquid phase.
12. The process of claim 1 wherein the first fluid is nitrogen in vapour and
liquid phase.

- 14 -
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13. The process of claim 1 wherein said fluid pin shape and position

establishes a controlled passage through which fluids flow.

14. The process of claim 1 wherein the first fluid is selected from the group
consisting of carbon dioxide, nitrogen and Freon and the second fluid is selected
from the group consisting of air, carbon dioxide, nitrogen and Freon but is selected

to be different than the first composition.

15. The method of claim 5 further comprising the step of maintaining the

pressure in the accumulator higher than in the condenser by a condensate pump.

16. The method of claim 5 further comprising the step of controlling the first

fluid vapour pressure in the accumulator by a pressure switch.

- 15-
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