United States Patent (i

Trimboli Longhetto

[11] 4,302,949
[45] Dec. 1, 1981

[54]

[75]

[73]
[21]
[22]
[51]
2]
[58]

REFRIGERATION AND HEATING SYSTEM

Inventor: - Antonio A. Trimboli Longhetto,
Madrid, Spain

Assignee:  Victor M. Oswald, Madrid, Spain

Appl. No.: 105,934

Filed: Dec. 21, 1979

(T o R F25D 9/00

US. ClL oo 62/402; 62/5;
| 62/235.1

Field of Search ................ 62/2, 86, 87, 88, 401,

62/402, 5; 60/641

[56] . References Cited
U.S. PATENT DOCUMENTS

3,026,681 3/1962 Green ...
3,208,229 9/1965 Fulton ...
3,815,375 6/1974 Inglis ......
4,086,072 4/1978 Shaw ........covoveemmmrrererresrr

Primary Examiner—Ronald C. Capossela
Atiorney, Agent, or Firm—Pennie & Edmonds

[57] ABSTRACT

A turbine assembly 100 is disclosed for dividing a
stream of gaseous working fluid into two streams, one
stream having a higher temperature than the other. A
heating and refrigeration system incorporating the tur-
bine assembly 100 is also disclosed.
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1
REFRIGERATION AND HEATING SYSTEM

DESCRIPTION,
TECHNICAL FIELD

The present invention relates to heating and cooling
in a controlled manner. The invention ¢an be used, for
example, for thermal conditioning of areas used for
industrial purposes, and also for the air-conditioning of
domestic environments. One of the principal features of
the present invention is that, depending on the circum-
stances, it can be used for heating and cooling wherever
there is a more or less constant sourcé of heat.

DI SCLOSURE OF INVENTION

The invention provides. a system for the regulated
and controlled production of heated and cooled- fluids
from a primary source of thermally attentuated heat,
such as solar energy and the like. For example, the

temperature range of the primary source could be from

about 5° C. to about 20° C. The refrigeration and heat-
ing system is in thermal communication, directly or
indirectly, with this primary source of heat. The refrig-
eration and heating system may take.the form of .an
open system, i.e., the heat of the primary source:is uti-
lized directly by the system; or a closed system, in
which the system comprises a closed circuit. indepen-
dent of the primary source, with which it is associated
solely for the purposes of heat exchange. =

In a preferred embodiment, the primary heat source
consists of a solar heat circuit, which includes a battery,
of collector elements for solar heat energy. Heat from

the solar heat circuit is transferred by means of a heat:

exchanger to a working fluid which circulates in ‘the
refrigeration and heating system. ‘ o

A pressurizing tank is included in the system to serve
as a reservoir for the fluid, At least a fraction of the
working fluid in the pressurizing tank is. in a_gaseous
state. As a result of the heating effected by the solar heat
circuit, the pressure of the gaseous working fluid in-
creases. ‘

The invention is based on the properties of a ther-

mally energized gas, which can be considered as com-

prising fast, or “hot”, molecules and slow, or “col'd”:,,_4
5

molecules. In particular, the invention makes use.of a

spatial distribution of these molecules, induced: when.

the flow of the woi'king fluid in the gaseous state is
substantially accelerated and a vortex is brought about
therein. Means ‘are provided which tend to channel

“hot” molecules in one direction and “cold” molecules :
in a different direction thereby at least partially separat- :

ing the “hot” and *“cold” molecules.
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streams return from the two arms to the pressurizing
tank through return conduits ‘and a pumping mecha-
nism. Heat exchange for utilizing the thermal separation
achieved in the turbine assembly can take place during

passage of the thermally-separated streams through the

two arms of the T-shaped housing or the return con-
duits. For this heat exchange, heat exchangers provided
with fins can be placed in thermal contact with the arms
or conduits. Fans can be employed to improve the effi-

ciency of the respective heat exchanges before the gasis

returned to the pressurizing tank in order to restart the

. cycle. Other types of radiators or thermal convectors
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The gaseous working fluid placed under pressure in

the pressurizing tank is injected into a turbine assembly
wherein a separation of “hot” molecules from “cold”
molecules is achieved by an effect of turbulence.

In a preferred form of practicing the invention, the
turbine ‘assembly comprises an inlet in the form of a
Venturi tube and a turbine for molecular thermal ‘sepa-
ration. The Venturi tube is provided to inject gas at a
high velocity into the turbine to generate and maintain
the conditions of turbulence whereby molecular ther-
mal separation is achieved. The turbine assembly fur-
ther includes a generally T-shaped housing whose stem
corresponds to'thé Venturi-tube inlet. The turbine is
placed at the intersection of the stem and the two arms

35
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of the “T”. The two armis carry the two thermally-.
separated - streams of gaseous working fluid. The gas

can be used, if preferred. »
Valves or flow throttles can be provided at the ends
of the arms of the T-shaped housing for regulation of -
the flow of the gasedus working fluid circulating in the
turbine assembly. The flow-regulating valves act in the
manner, of throttles, achieving temperature control by
increasing or decreasing the pressure at:which the tur-
bine operates, which results in increasing or decreasing
the temperature, difference between the two thermally
separated streams of working fluid., . . g
In general, the working. fluid may be virtually any
fluid having a gaseous phase under the.operating condi=
tions. Depending on the specific. requirements of each
use, different gases may be more advantageous in differ-
ent cases. Suitable for use in many applications of the
heating and cooling system are . fluids which change
state (e.g., liquid/gas) at a convenient pressure at a

- temperature which is-in the vicinity of the range of

ambient te:'nperatures which may be expected to occur
under normal conditions of installation and operation of
the system. Halocarbon refrigerants are generally pre-
ferred for closed systems. .

" The vortex-generating turbine; operatively disposed
in the T-shaped housing acts in such a way that a cen-
trifugal force brings about molecular thermal separation
by means of a force equilibrium which gives rise to the
two flows of gaseous working fluid, one having a
greater temperature than the other, flowing in different
directions. ‘ , . : v

Arranged at an end of the working fluid circuit in
front of the entry of the gas into the aforementioned
pressurizing tank are preferably check valves which
prevent back flow of the gas from said tank.

.Depending on the thermal and/or refrigerating
power required, a single turbine assembly may be used,
or a plurality of turbine assemblies arranged in battery
form. : :

* ' BRIEF DESCRIPTION OF DRAWINGS

‘These and other advantages and characteristics of the -
heating and cooling system will become evident from
the following description, presented by reference to the
accompanying drawings, and which comprises illustra-
tive but not limitative examples of preferred forms of
realization of the system.

In the drawings: .

FIG. 1 is a schematic diagram
cooling system; ‘

FIG. 2 is a cross-sectional view along line 2—2 of
FIG. 3 of a turbine assembly;

FIG. 3 is a.view taken along line 3—3 of FIG. 2;

FIG. 4 is.a perspective view of a first battery of tur-
bine assemblies and heat exchangers; ’

FIG. § is a cross-sectional view taken along line 5—5
of FIG. 4;

of the heating and



4,302,949

3

FIG. 6 is a cross-sectional view taken along line 6-—6
of FIG. 5 of a flow throttle; ~

FIG. 7 is a perspective view of a second battery of
turbine assemblies and heat exchangers;

FIG. 8 is a partial cross-sectional view taken along
line 8—8 of FIG. 7; ‘

FIGS. 9, 10, and 11 are respectively schematic top,
side and front views of a closed-circuit heating and
cooling system;

FIG. 12 is a schematic diagram
system; and

FIG. 13 is a perspective view of a third battery of
turbine assemblies provided with an air intake.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring now to FIG. 1, a primary source of heat
includes a group of solar panels 1 which absorb solar
radiation to raise the temperature of a heat-exchange
fluid such as water. The heated heat-exchange fluid is
pumped to a heat-exchanger coil 2 of a pressurizing tank
3 by means of a circulation pump 4. The pressurizing
tank 3 contains a working fluid having a gaseous phase.
Heat absorbed from the heat exchanger coil 2 brings
about pressurization of the gas. As an example, the gas
in the pressurizing tank 3 could be pressurized to a
pressure of about 7 kg/cm?2.

Gas from the pressurizing tank 3 is injected under
pressure into a turbine assembly 100, The turbine assem-
bly 100 includes a T-shaped housing comprising an inlet
conduit §, a hot-flow arm 6 and a cold-flow arm 7. The
hot-flow arm 6.and cold-flow arm 7 extend in opposing
directions and carry the high and low temperature
streams of working fluid, respectively. The turbine
assembly 100 is described in detail below in connection
with FIGS. 2 and 3. .

The hot-flow arm 6 and the cold-flow arm 7 pass
through and are in thermal contact with fin-type heat
exchangers 8 and 9, respectively. A flow regulator such
as flow-regulating valve 102 is connected in series with
the hot-flow arm 6. As shown in FIG. 4, if more than
one turbine assembly 100 is used, a hot-flow end collec-
tor 10 and a cold-flow end collector 11 can be con-
nected respectively to the hot-flow and cold-flow arms
6 and 7, of the turbine assemblies for receiving gas
streams from the arms. Returning to FIG. 1, a first
return conduit 12 is connected between the hot-flow
arm 6 and an input chamber of a pump 31. A second
return conduit 13 is connected between the cold-flow
arm 7 and the input chamber of the pump 31. The out-
put of the pump 31 is connected to the pressurizing tank
3 by an input conduit 104.

Turning now to FIG. 2, a T-shaped housing 114 in-
cludes a turbine-sleeve conduit 115 and an inlet conduit
5 which extends generally perpendicular to the turbine-
sleeve conduit. The inlet conduit 5 is joined to the tur-
bine-sleeve conduit so that the interiors of the two con-
duits are in communication through an inlet discharge
opening 118. The inlet conduit 5 provides an inlet to the
turbine assembly 100. A length of the turbine-sleeve
conduit 115 extending in one direction from the point of
intersection of the two conduits defines a hot-flow arm
6 of the turbine assembly 100. A length of the turbine-
sleeve conduit 115 extending from the point of intersec-
tion of the two conduits in a direction opposite from the
hot-flow arm 6 defines a cold-flow arm 7 of the turbine
assembly 100.

of an open-circuit
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A turbine 14 is positioned in the T-shaped housing
114 generally coaxially with the turbine-sleeve conduit
115 approximately at the point of intersection of the
turbine-sleeve and inlet conduits 115 and 5. The turbine
14 has a hot-gas discharge opening 106 at one end and a
cold-gas discharge opening 108 at an opposite end. A
generally axially-symmetric passageway 110 extends
between the hot-gas discharge opening 106 and the
cold-gas discharge opening 108. The diameter of the
passageway varies from a minimum value at a throat
112 to greater values at the hot-gas and cold-gas dis-
charge openings 106 and 108. Thus the passageway 110
is in the shape of a double Venturi tube. The throat 112
is located at a position axially intermediate between the
cold-gas discharge opening 108 and the mid-point be-
tween the hot-gas and cold-gas discharge openings 106
and 108. Thus the axial distance from the throat 112 to
the hot-gas discharge opening 106 is significantly
greater than the axial distance from the throat 112 to the
cold-gas discharge opening 108. ,

As seen best in FIG. 3, a plurality of gas-injection
channels 15 extend from a radially-outer surface of the
turbine 14 to a radially-inner surface at the throat 112.
The gas-injection channels 15 extend generally parallel
to a normal plane perpendicular to the axis of the pas-
sageway 110 and are spaced apart circumferentially
around the turbine 14. An intersection angle @ is defined
for each gas-injection channel 15 by the angle between
a direction of approach of the gas-injection channel 15
to the inside surface of the turbine 14 and a tangent to
the inside surface at a point of intersection of the direc-
tion of approach and the inside surface, the tangent
being parallel to the normal plane. The intersection
angle for each gas-injection channel 15 is an acute angle,
the intersection angles being measured in a common
sense proceeding around the inside surface of the tur-
bine in one direction or the other. Thus gas flowing into
the passageway 110 through the gas-injection channels
15 tends to flow in a vortical pattern. Preferably, the
intersection angles of the gas-injection channels 15 are
approximately equal. At that end of each gas-injection
channel 15 which passes through the radially outer
surface of the turbine 14, an inside diameter of the chan-
nel is.enlarged to define an end chamber 18.

Turning again to FIG. 2, the turbine 14 is mounted
within the turbine-sleeve conduit 115 by a plurality 'of
tabs 19 which project radially outwardly from the outer
surface of the turbine 14. An annular space between an
inner surface of the turbine-sleeve conduit 115 and the
outer surface of the turbine 14 defines a gas-distribution
duct 116. The gas-distribution duct 116 communicates
with the interior of the hot and cold flow arms 6 and 7
through first and second turbine-bypass openings 117
and 119 respectively.

The inlet conduit 5 preferably has a smaller diameter
than the turbine-sleeve conduit 115 to which it is Jjoined.
The turbine 14 is positioned in the turbine-sleeve con-
duit 115 so that a central axis of the inlet conduit 5 lies
approximately in the normal plane of the throat 112 of
the turbine 14, as may be seen in FIG. 2. As shown best
in FIG. 3, the central axis of the inlet conduit 5 is offset
a significant distance from a central axis of the turbine
conduit 115. In other words, the angle of intersection of
the central axis of the inlet conduit 5 with the inside
surface of the turbine-sleeve conduit 115 is an acute
angle when measured in the sense in which the intersec-
tion angles of the gas-injection channels 15 are acute
angles. :
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As shown in FIG. 5, a flow throttle 20 can be placed
in a hot-flow arm 6 in a downstream direction from the
hot-gas discharge opening 106 of a turbine 14. By regu-
lating the pressure and rate of flow of the gaseous work-
ing fluid in the hot-flow arm 6, the temperature of the
gas in the arm can be controlled. Generally, the greater
the rate of flow of gas in the hot-flow arm 6, the higher
the temperature. Flow throttle 20, illustrated in FIG. 6,
includes a throttle ring 22 attached to the inside surface
of the hot-flow arm 6. The throttle ring 22 has a central
orifice 21 passing through it. The outer periphery of the
throttle ring 22 is shaped to provide a plurality of semi-
lunar radial windows 23 spaced around the periphery.

An alternate mechanism for regulating the pressure
and rate of flow of gaseous working fluid in a hot-flow
arm 6 is illustrated by the apparatus of FIGS. 7 and 8.
An obturator or adjustable valve 120 is mounted at an
end of a hot-flow arm 6. A valve plug 24 can be inserted
within a valve seat 25 by an adjustable screw mecha-
nism 26 to regulate the flow of gas through the valve
seat. The adjustable valve 120 has an advantage over
the flow throttle 20 in that the adjustable valve 120
permits the pressure and rate of flow of the gas in the
hot-flow arm to be changed conveniently. Once in
place, it is more difficult to change the flow throttle 20.

To facilitate transfer of heat between a surrounding
atmosphere and gas flowing in the hot-flow arm 6, a
fin-type heat exchanger 8 can be mounted on the arm in
thermal contact with the arm, as shown in FIG. 4. A
similar fin-type heat exchanger 9 can be mounted on the
cold-flow arm 7 to facilitate the transfer of heat be-
tween the gas in the arm and a surrounding atmosphere.
Fans 28 and 29 can be used to direct flowing air across

_the heat exchangers 8 and 9, respectively, as shown in -

FIG. 1. .

Heat exchangers can also be mounted on the end
collectors 10 and 11, as illustrated in FIG. 7. A first
fin-type heat exchanger 122 is mounted on the hot-flow
end collector 10 in thermal contact with the end collec-
tor. Similarly, a second fin-type heat exchanger 124 is
mounted on the cold-flow end collector 11.

A closed heating and cooling system of the invention
is illustrated schematically in FIGS. 9, 10, and 11. The
system includes a pressurizing tank 3 which is divided
internally into four compartments 1284, 1285, 128¢, and
1284. A heat-exchanger coil 2 is located within the
pressurizing tank 3 for transferring heat from a heat-
transfer fluid flowing within the heat-exchanger coil 2
to a working fluid within the compartments 128a~d of
the pressurizing tank 3. The heat-transfer fluid is heated
by a primary heat source (not shown), such as a solar
energy collector. As an example, the heat-transfer fluid
could be water heated to about 20° C. The working
fluid could be, for example, an azeotrope known as
refrigerant number 502, which is made up of about 48.8
percent chlorodifluoromethane and about 51.2 percent
chloropentafluoroethane.

Four control valves 30a-d connect respectively the
four compartments 12844 to the inlets of four turbine
assemblies 100a-d. The hot-flow arms 6a-d of ‘the four
turbine assemblies 100a-d pass through fin-type heat
exchangers 8a-d and are connected to a hot-flow end
collector 10. A cold-flow end collector 11 is connected
to the cold-flow arms 75, 7¢, and 7d of three of the
turbine assemblies 1005, 100c, and 100d. A first return
conduit 12 connects the hot-flow end collector 10 to a
first input of a first pump 132. A second return conduit
13 connects the cold-flow end collector 11 to a second
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input of the first pump 132. The output of first pump 132
is connected to a cooling tank 32, in which the working
fluid is liquified. The cold-flow arm 7z of the turbine
assembly 100q is connected by a conduit 34 to a pump
134, which in turn is connected to the cooling tank 32.
The cold flow from the turbine assembly 100a provides
at least a portion of the cooling for the cooling tank 32,
Input valves 33a-d connect the four compartments
1284-d with the cooling tank 32.

A set of preferred operating conditions for the system
of FIGS. 9; 10, and 11 is set forth below. It will be
appreciated that other operating conditions may be
employed.

As noted above, a preferred heat-transfer fluid for the
heat exchanger coil 2 is water and a preferred working
fluid is the azeotropic refrigerant number 502.

In operation, a quantity of cooled working fluid is
admitted into a compartment 128 of the pressurizing
tank 3 from the cooling tank 32 by opening a corre-
sponding input valve 33. With bath the input valve 33
and the control valve 30 closed, the working fluid in the
compartment 128 is heated to a temperatare of about
20° C. by heat from the heat exchanger coil 2. The
quantity of working fluid in the compartment 128 is
chosen so that a gaseous phase is present in the compart-
ment which has a pressure of about 7 kg/cm? at about
20° C.

After the working fluid in the compartment 128 has
been heated to about 20° C., the corresponding control
valve 30 is opened, which permits gaseous working
fluid to expand adiabatically through the valve and flow
into a turbine assembly 100 through the inlet conduit 5.
Flow of the gaseous working fluid through the turbine
14 in the turbine assembly 100 produces a turbulence at
the throat 112 of the turbine 14. Although the precise
flow pattern is not known with certainty, the turbulent
flow is thought to have axial refluxing as well as vorti-
cal characteristics. The stream of gas is divided at the
turbine 14 into two steams, one hotter than the other.
For a turbine having an outer diameter of about 14 mm,
a flow rate through the inlet 5 of about 200 1/sec or

‘greater is generally preferred. Gas velocities of about

twice the speed of sound can be attained within the
turbine assembly 100.

The proportions of the total gas flow which pass
respectively through the hot-flow arm 6 and the cold-
flow arm 7 can be determined over a wide. range by the
location and dimensions of a flow throttle 20, illustrated
in FIG. 5. This range can be extended if desired by
installing a second flow throttle in series with the cold-
flow arm 7. For a turbine 14 having an outer diameter of
about 14 mm and for a total flow rate through the inlet
5 of about 200 I/sec, the gas flowing through the inlet
having a temperature of about 7° C., setting the flow in
the hot-flow arm 6 to about 120 1/sec and the flow in the
cold-flow arm 7 to about 90 1/sec results in 2 tempera-
ture of about 85° C, in the hot-flow arm and about — 18°

- C.'in the cold-flow arm.

Heat can be exchanged between the environment and
the two streams by means of the fin-type heat exchang-
ers 8 and 9. Gaseous working fluid from the hot-flow

- and cold-flow arms is pumped into the cooling tank 32

65

under pressure by pumps 132 and 134, where the work-
ing fluid is liquified. The gaseous warking fluid from the
cold-flow arm 7z of the turbine assembly 100z is not
heated by passing through a fin-type heat exchanger 9,
but is pumped directly into the cooling tank 32 to assist
in cooling the working fluid in the tank to liguify it.
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The heating and cooling system of FIGS. 9, 10, and
11 can be operated cyclically by heating a quantity of
working fluid in a compartment 128, opening the corre-
sponding control valve 30 and allowing the working
fluid to flow through a turbine assembly 100 and be
pumped into the cooling tank 32, closing the control
valve 30 and introducing an equal quantity of working
fluid into the compartment 128 for heating, thereby
returning the cycle to its starting point. For the appara-
tus described above, the cycle can be repeated as often
as about once every seven minutes.

The heating and refrigeration system of the present
invention can be operated as an open system as well as
a closed system. Generally, the thermal yield of the
system can be optimized to higher values when the
system is operated as a closed system, since a working
fluid can be chosen having change of state characteris-
tics which match the temperature of the primary heat
source. However, there may be applications in which it
is-advantageous to employ an open system, particularly
since air can be used as the working fluid. If air is used
as the working fluid, it is preferable to have a supply of
air at a roughly constant temperature above approxi-
mately 15° C. For example, air heated by passing it
through a radiator of an automobile could serve as the
working fluid.

An open heating and cooling system is illustrated
schematically in FIG. 12. A heating and refrigeration
system 140 includes a funnel-shaped air intake 141 con-
nected at a discharge end to an inlet conduit 5 of a
turbine assembly 100. The turbine assembly 100 is essen-
tially the same as that discussed above in connection
with FIG. 2. The intake 141 has a mouth 142 for receiv-
ing a stream of air. The converging shape of the intake
141 is adapted to accelerate a stream of air flowing into
the mouth 142 of the intake to a relatively high velocity,
much like the action of a wind tunnel. The relatively
high-velocity stream of air passes into the turbine as-
sembly, where it is divided into a hot-flow stream and a
cold-flow stream flowing respectively in the hot-flow
arm 6 and the cold-flow arm 7. A control valve 24 is
connected in series with the hot-flow arm 6 for control-
ling the pressure and rate of flow at the hot-flow dis-
charge port of the turbine 14 (not shown) mounted
within the turbine assembly 100. The hot-flow arm 6
terminates at a hot-flow discharge port 144. A fin-type
heat exchanger 8 is mounted on the hot-flow arm 6
between the control valve 24 and the discharge port
144. Similarly, the cold-flow arm 7 terminates in a cold-
flow discharge port 146. Upstream of the cold-flow
discharge port 146 is a fin-type heat exchanger 9.

Referring now to FIG. 13, an open heating and re-
frigeration system 150 includes a first and a second
turbine assembly 100 and 100’. An air intake 27 has a
mouth 152 for receiving a stream of air. The air intake
27 divides into a first branch 154 and a second branch
154'. The first branch 154 is connected to the inlet con-
duit 5 of the first turbine assembly 100. The second
branch 154’ is similarly connected to the inlet conduit 5’
of the second turbine assembly 100’. The two turbine
assemblies are connected to end collectors as discussed
generally in connection with FIG. 4. For conciseness,
that discussion will not be repeated here.

In operation, a stream of air; from an automobile
radiator fan positioned in front of the mouth 152 of the
intake 27, for example; enters the intake 27 through the
mouth 152. Because of the converging shape of the
intake 27, the air is discharged into the inlet conduits 5
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and 5’ at a relatively high velocity. The two air streams
from the intake 27 are divided by the two turbine assem-
blies 100 and 100’ into hot flow and cold-flow streams as
described above. The hot-flow and cold flow streams
could be used, for example, in heating and cooling the
passenger compartment of the automobile.

The turbine assembly 100 of the present invention can
be used to effect a density separation as well as a ther-
mal separation. Thus, for example, if a stream of air is
injected into an inlet conduit 5 of a turbine assembly 100
at a high velocity, the two streams of gas flowing in the
hot-flow arm and the cold-flow arm differ from one
another in composition. In particular, one stream is
enriched in oxygen and the other is correspondingly
depleted in oxygen. Thus the present invention can be
used to generate a stream of gas enriched in oxygen
relative to air.

It is not intended to limit the present invention to the
specific embodiments described above. It is recognized
that changes may be made in the apparatus described
herein without departing from the scope and teachings
of the instant invention. For example, heat sources
other than solar collectors or automobile radiators may
be employed as the primary heat source. Additional
valves may be provided in series with the hot-flow arm,
the cold-flow arm, and the return conduit to control
flow rates and pressures throughout the heating and
refrigeration system as desired. The turbine can vary
greatly in size; from 10 mm or less to 1 m or more in
diameter. Virtually any gas can be used as the working
fluid in the heating and refrigeration system of the in-
vention, although the thermal yield will in.general de-
pend upon the working fluid used. It is intended to
encompass - all other  embodiments, alternatives and
modifications consistent with the present invention.

I claim:

1. A turbine assembly for dividing an input stream of
gas into a first and a second output stream of gas, the
first output stream having a higher temperature than the
second output stream, the turbine assembly comprising:

(a) a generally gas-tight housing having:

(a.1) an inlet conduit for directing a high-velocity
stream of gas constituting the input stream into
the interior of the housing, the inlet conduit
having an inlet discharge opening through
which the input stream can flow into the interior;

(a.2) a hot-flow outlet opening for discharging the
first output stream; and

(a.3) a cold-flow outlet opening for discharging the
second output stream;

(b) a turbine located within the housing, the turbine

having a passageway extending through it between

a first discharge opening and a second discharge

opening, the passageway being generally axially-

symmetric in shape and having a throat defined by

a region with a smallest diameter within the pas-

sageway, the axial distance from the throat to the

first discharge opening being significantly greater
than the axial distance from the throat to the sec-
ond discharge opening, the diameter of the pas-
sageway increasing generally uniformly from the
throat to either discharge opening, the turbine hav-
ing a plurality of gas-injection channels passing
through a wall of the turbine from an outer surface
of the turbine to an inner passageway surface defin-
ing the passageway, the intersection of the gas-
injection channels with the passageway surface
defining a plurality of gas-injection ports for intro-
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ducing gas into the passageway, the gas-injection
ports being located in the vicinity of the throat of
the passageway and spaced apart azimuthally about

the passageway, each gas-injection channel defin-:

ing a gas-injection direction by the direction of
approach of the gas-injection channel to the corre-
sponding - gas-injection port, the gas-injection di-
rections being oriented generally symmetrically
with respect to a normal plane perpendicular to the
axis of the passageway and passing through the
throat, directed tangents to the passgeway surface
being defined at each ‘gas-injection port, the di-
rected tangents extending parallel to the normal
plane and being oriented to define collectively a
direction of circulation in the passageway of the
turbine, each gas-injection channel defining an
interception angle between the gas-injection direc-
tion and the directed tangent defined at the gas-
injection port, the interception angles being acute
angles so that gas injected into the passageway of
the turbine through the gas-injection channel tends
to flow in a vortical pattern, each gas-injection
channel being enlarged in an inner transverse di-
mension to define an end chamber at the end of the
channel which intercepts the outer surface, the
1intersection of each end chamber with the.outer
surface of the turbine defining an end-chamber port
for receiving gas to flow through the gas-injection
channel, the end-chamber ports being spaced apart
azimuthally about the outer surface in the vicinity
of the normal plane; and

(c) attachment means for mounting the turbine within
the housing, the turbine being: positioned so that
the throat of the turbine communicates with the
hot-flow outlet openmg of the housing through the
first discharge opening of the turbine, and commu-
‘nicates with the cold-flow outlet opening of the
housing through the second discharge opening of
the turbine, the iniet conduit of the housing defin-
ing an inlet injection direction by the direction of
.approach of the inlet conduit to the inlet discharge
opening, the inlet-injection direction being ori-
ented so that a line extending along the inlet-injec-
tion direction at least approxnnately lies in the
normal plane of the turbine and is offset a s1gn1ﬁ-

cant distance from the axis of the passageway, the

direction of the offset being such that a gas flow
along the inlet-injection direction tends to rein-
force a vortical flow pattern circulating in the
sense defined by the directed tangents associated
with the gas-injection ports of the turbine, an outer
surface of the turbine through which the end-
chamber ports pass being spaced apart from an
inner surface of the housing to define a gas distribu-
tion duct, the gas-distribution duct communicating
with the hot-flow outlet opening through a first
turbine-bypass opening and with the cold-flow
outlet opening through a second turbine-bypass
opening, the gas-distribution duct thereby provid-
ing communication between the inlet discharge
opening of the inlet conduit and the end-chamber
ports of the turbine and the hot and cold flow open-
ings of the housing,.

2. A turbine assembly according to claim 1 in which
the gas-injection channels lie substantiaily in the normal
plane.

3. The turbine assembly according to claim 2 in

" which the housing comprises a turbine-sleeve conduit
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and the inlet conduit, an opening at one end of the tur-
bine-sleeve conduit serving as the hot-flow outlet open-
ing and an opening at the opposite end serving as the
cold-flow .outlet opening, the turbine-sleeve conduit
being generally circular in cross section, the outer sur-
face of the turbine being generally cyclindrical in shape
and coaxial with the passageway, an outer diameter of
the turbine being less than an inside diameter of the
turbine-sleeve conduit, the turbine being mounted coax-
ially within the turbine-sleeve conduit.

4. The turbine assembly according to claim 3 in
which a length of the turbine-sleeve conduit extending
from the normal place to the hot-flow outlet opening
defines a hot-flow arm and a length of the turbine-sleeve
conduit extendmg from the normal plane to the cold-
flow outlet openmg defines a'cold flow arm, and the
turbine assembly further comprises:

(d),a fixed flow throttle mounted within the hot-flow

. arm for setting the rate of flow of gas through the
hot flow arm to a preselected valve.

5. The turbine assembly according to claim 3 in
which a length of the turbine-sleeve conduit extending
from the normal plane to the hot-flow outlet opening
defines a hot-flow arm and a length of the turbine-sleeve
conduit extending from the normal plane to the cold-
flow outlet opening defines a.cold-flow arm, and the
turbine assembly further comprises:

(d’) an adjustdble valve connected in series with the
hot-flow arm for adjusting the rate of flow of gas
through the hot-flow arm.

‘6. The turbine assembly according to either claims 4
or 5 further comprising a first and a second heat ex-
changer in thermal contact with the hot-flow and cold-
flow arms respectively.

7. The turbine assembly according to claim 6 further
comprising:

(e) an air intake connected to the inlet conduit for
directing a stream of air into the inlet conduit, the
air intake generally convergmg in shape from an
intake openmg for receiving an air flow to a dis-
charge opening connected to the inlet conduit.

8 A heatmg and refrigeration system including:

(a) a pressurizing tank for containing a working fluid

under pressure; o

(b) a heat source in thermal commumcatlon with the
pressurizing ‘tank for heating the contents of the
tank;

- {c)-a turbine assembly connected to the pressunzmg
tank for dividing an input stream of gaseous work-
-ing fluid from the pressurizing tank into a first and
a second output stream of gas, the first output
stream having a higher temperature than the sec-
ond output stream, the turbine assembly compris-

ing: .

(c 1) a generally gas-tight housing havmg
(i) an inlet conduit for directing a high-velocity
" stream of gas constituting the input stream into
‘the interior of the housing, the inlet conduit
having an inlet discharge opening through
which the input stream can flow into the inte-
rior;

(ii) a hot-flow outlet opening for discharging the
first output stream; and

(iii) a cold-flow outlet opening for discharging
the second output stream;

(c.2) a turbine located within the housing, the tur-

-bine having a passageway extending through it

between a first discharge opening and a second
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discharge opening, the passageway being gener-
ally axially-symmetric in shape and having a
throat defined by a region with a smallest diame-
ter within the passageway, the axial distance
from the throat to the first discharge opening 5
being significantly greater than the axial distance
from the throat to the second discharge opening,
the diameter of the passageway increasing gener-
ally uniformly from the throat to either dis-
charge opening, the turbine having a plurality of 10
gas-injection channels passing through a wall of
the turbine from an outer surface of the turbine
to an inner passageway surface defining the pas-
sageway, the intersection of the gas-injection
channels with the passageway surface defining a 15
plurality of gas-injection ports for introducing
gas into the passageway, the gas-injection ports
being located in the vicinity of the throat of the
passageway and spaced apart azimuthally about
the passageway, each gas-injection channel de- 20
fining a gas-injection direction by the direction
of approach of the gas-injection channel to the
corresponding gas-injection port, the gas-injec-
tion directions being oriented generally symmet-
rically with respect to a normal plane perpendic- 25
ular to the axis of the passageway and passing
through the throat, directed tangents to the pas-
sageway surface being defined at each gas-injec-
tion port, the directed tangents extending paral-
lel to the normal plane and being oriented to 30
define collectively a direction of circulation in
the passageway of the turbine, each gas-injection
channel defining an interception angle between
the gas-injection direction and the directed tan-
gent defined at the gas-injection port, the inter- 35
ception angles being acute angles so that gas
injected into the passageway of the turbine
through the gas-injection channel tends to flow
in a vortical pattern, each gas-injection channel
being enlarged in an inner transverse dimension 40
to define an end chamber at the end of the chan-
nel which intercepts the outer surface, the inter-
section of each end chamber with the outer sur-
face of the turbine defining an end-chamber port
for receiving gas to flow through the gas-injec- 45
tion channel, the end-chamber ports being
spaced apart azimuthally about the outer surface
in the vicinity of the normal plane; and

(c.3) attachment means for mounting the turbine
within the housing, the turbine being positioned 50
so that the throat of the turbine communicates
with the hot-flow outlet opening of the housing
through the first discharge opening of the tur-
bine, and communicates with the cold-flow out-
let opening of the housing through the second 55
discharge opening of the turbine, the inlet con-
duit of the housing defining an inlet injection
direction by the direction of approach of the
inlet conduit to the inlet discharge opening, the
inlet-injection direction being oriented so that a 60
line extending along the inlet-injection direction
at least approximately lies in the normal plane of

65

claim 8 further comprising:

12
the turbine and is offset a significant distance
from the axis of the passageway, the direction of
the offset being such that a gas flow along the
inlet-injection direction tends to reinforce a vor-
tical flow pattern circulating in the sense defined
by the directed tangents associated with the gas-
injection ports of the turbine, an outer surface of
the turbine through which the end-chamber
ports pass being spaced apart from an inner sur-
face of the housing to define a gas distribution
duct, the gas:distribution duct communicating
with the hot-flow outlet opening through a first
turbine-bypass opening and with the cold-flow
outlet opening through a second turbine-bypass
opening, the gas-distribution duct thereby pro-
viding communication between the inlet dis-
charge opening of the inlet conduit and the end-
chamber ports of the turbine and the hot and
cold flow openings of the housing;
(d) flow regulation means located in a downstream
direction from the first discharge opening of the
turbine for influencing the pressure and flow veloc-
ity of gas flowing from the first discharge opening;
(e) a first heat exchanger located in a downstream
direction from the first discharge opening of the
turbine adapted to exhange heat with a first gas
stream flowing from the first discharge opening;
() a second heat exchanger located in a downstream
direction from the second discharge opening of the
turbine adapted to exhange heat with a second gas
stream flowing from the second discharge opening;
and
(g) pump means for returning gaseous working fluid
to the pressurizing tank, the pump means having:
(g.1) a first pump inlet connected to the hot-flow
outlet operning of the housing of the turbine as-
" sembly,

(g.2) a second pump inlet connected to the cold-
flow outlet opening of the housing; and

(g-3) a pump outlet connected to the pressurizing
tank so that the two outlet streams of working
fluid discharged from the turbine assembly are
returned to the pressurizing tank.

9. The heating and refrigeration system according to

(h) a control valve connected between the pressuriz-
ing tank-and the inlet conduit of the turbine assem-
bly for ‘controlling the flow of working fluid into
the turbine assembly.

10. The heating and refrigeration $ystem according to

claim 9 further comprising;:

(1) a cooling tank connected to the pump outlet of the
pump means for storing working fluid for cooling
to a liquid state; and

(J) an input valve connected between the cooling tank
and the pressurizing tank for controlling the flow
of working fluid from the cooling tank to the pres-
surizing tank.

11. The heating and refrigeration system according to

claim 10 in which the heat source includes a solar en-
ergy collector.
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