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(57) Abstract: The invention relates to an air conditioner (1000) and to a method for operating the air conditioner (1000), especially
for a vehicle, with a primary cycle (100) and a secondary cycle (200) linked in parallel thereto, as well as with at least one useful
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LATENT STQRAGE COOLING CYCLE

Specification

The invention relates to an alr conditioner which,
with regard to performance and mode of operation, works
optimally and economically, i1.e. efficiently, in a
vehicle, for example, with &a primary cycle and a
secondary cycle which ig linked in parallel to the
primary cycle and has at least one useful cycle which can
be coupled to a secondary cycle.

In addition to the driver cockpit, many of the
present-day, mostly heavy trucks wused for transport
frequently alsc have a cabin in which the driver has the
capability of resting or sleeping. It is well known that,
egpecially in summer, many drivers of heavy trucks which
have ceonventional alr conditioners freguently let the
driving unit of the wvehicle, i.e. the combustion engine,
run overnight in order toc operate the air conditioner and
thereby bring about appropriate cooling of the sleeping
cabin. However, because of the high fuel consumption of
the running engine, such a mode of operation (idling)

heavily contaminates the environment and, in terms of
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energy, is wvery unfavorable and results in high
consumption and maintenance costs in addition to the
associated heavy wear, especially to the-engine of the
vehicle. In addition, the driver is therewith constantly
exposed to annoying and unpleasant noise as well as to
vibrations.

In order to appropriately air condition the driver
cockpit as well as the sleeping cabin to produce
acceptable working and recovery conditions, integrated,
engine-independent air conditioners which can be
installed inside wvehicles have been developed.

Several engine-independent air conditioning
solutions corresponding to prior art are known which, due
to their capability to operate with the combustion engine
switched off, counter the additional fuel and maintenance
costs that would result mostly from a continuously
running combustion engine and therewith reduce the
resultant exhaust gases. '

Aside from using so-called independent air
conditioners which are driven by an additional combustion
engine, a primary air conditioner can also be operated,
while the combustion engine of the wvehicle is switched
off, by an electric motor which drives the compressor of
the air conditioner. Electrical energy for additional
batteries intended for this purpose 1is produced while
driving and stored within the batteries.

Aside from other alternatives for integrated,
engine-independent air conditioners for vehicles, sgo-
called latent cold storage systems, which have high
energy density and can make sufficient cooling energy
available even when the drive assembly is stopped, are

also known for fulfilling the requirements and objectives
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described herein. In addition to a first, conventional
primary cycle constructed with known components acting
thermodynamically on the flowing, circulating medium of
the air conditioner, such systems have another, second
secondary or cooling agent cycle of the same
configuration which 1is connected in parallel to the
primary cycle of the alr conditioner and charges a latent
cold storage of a thermodynamically coupled cooling agent
cycle., The second cycle, linked or connected in parallel
to the first cycle, is coupled with the cooling agent
cycle by means of a heat exchanger unit which 1s
integrated within a latent cold storage device of the
cooling agent cycle.

The DE 10 2004 019 607 Al discloges a heating and
cooling system for a vehicle which can heat and cool the
front and rear zregions of a motor vehicle interior
separately. The air condiﬁioner comprises a front
installation, a rear installation and an integrated
engine-independent installation which is integrated in
the rear installation and can be used for heating and
cooling the rear region when the combustion engine is
switched off. A method for air conditioning with the help
of the HVAC sgystem (heating, ventilating and air
conditioning) i1s also described in this publication. The
disclosure accordingly represents an alr conditioner
which, in the area of the front installation, comprises a
compressor, condenser, blower, collector, magnetic valve,
expansion device and evaporator. Furthermore, another
evaporator which is assigned to the rear installation is
connected in parallel to the first evaporator. Aside from
the other evaporator, the second cycle, i.e. the rear

installation, comprises a magnetic valve, expansgsion
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device and blower. Parallel to the evaporators of the
front and rear installations, a storage-evaporator-heat
exchanger unit, which is & component of the rear
installation as well as of the integrated engine-
independent installation, is connected over another
magnetic valve as well as over an expansion unit. The
cycle of the rear installation also has a pump and a heat
exchanger, The latent c¢old storage of the storage-
evaporator-heat exchanger unit can thus be charged over
the cycle of the front and rear installations. In the
event that additional cooling performance beyond that
produced by the front and rear installations is required
for cooling the interior of the wvehicle, the cold storage
of the storage-evaporator-heat exchanger unit can be
discharged with the help o0f the pump over the heat
transfer cycle of the integrated, engine-independent
installation. In order to bring about the charging
process of the latent cold storage 1n a timely manner,
the evaporation temperature, which 1is below 0°C, must
decrease from the start of the charging process up until
the withdrawal of heat from the storage unit. The
decreasing evaporation temperature can be realized with
this system only if the corresponding magnetic valves are
closed, mostly to avoid icing problems at the evaporators
of the front installation. Iﬂ this state, only the
storage-evaporator-heat exchanger unit is connected with
the cycle, which is operated by the compressor. Via this
configuration of the system and the mode of operation
associated therewith, the evaporator for the cold storage

reaches the temperature necegsary for evaporation, below

0°C, thereby preventing icing of the evaporator and

averting the risk of inadequately or not supplyving the



10

15

20

25

30

WO 2008/047262 PCT/IB2007/053768

driver cabin with fresh air and the resultant increase in
the carbon dioxide level above the maximum permissible
concentration (MAC). With the air conditioner described
in this document, it is not possgible to cocl the interior
of the wvehicle and in parallel, i.e. simultaneously,
charge the latent cold storage of the storage-evaporator-
heat exchanger unit. It is therefore not possible to
completely switch off the interior <cooling for the
duration of the charging process of the cold storage. The
process of charging the cold storage should therefore be
carried out when the air outlet temperature of the
evaporator of the front installation drops below the

icing temperature. Once the air outlet temperature of the

evaporator has again reached a value clearly above 0°C,
the charging process of the cold storage is interrupted
and the conventional aix conditioning cycle 1S
reactivated. This results 1in a more or less cyclic
operation of the magnetic wvalve and the therewith
associated cycles and, related thereto, 1in a large
fluctuation of the temperature of the air leaving the
evaporator of the front installation., This substantially
reduces the air conditioning comfort. Moreover, a more Or
less periodic mode of operation of the magnetic valve of
the HVAC system with respect to the charging process of
the latent cold storage produces a highly unsteady flow
of cooling agent which generates unpleagant noises and
vibrations. It -should be added that, due to this
configuration, the optimized air distribution system of
the front installation is not suitable for appropriately
distributing warm air. Consequently, with the additional
necessary blowers, 1.e. fans and filters, there are

additional maintenance requirements which also increase
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costs accordingly. Moreover, it may be noted that the
charging process of the latent cold storage takes an
accordingly long time in this case.

The DE 198 38 880 Al describes a device for cooling
an internal space of a vehicle which has a primary
cooling cycle, equipped with known components and cooling
a main cycle of a secondary cycle, the main cycle being
coupled thermodynamically with a cold storage subsidiary
cycle having a c¢old storage and a heat exchanger
secondary cycle having a heat exchanger. The subsidiary
storage cycle and the heat exchanger secondary cyc¢le can
be operated in parallel, i.e. gimultaneously. The
control- and valve unit of the secondary cycle can adjust
the proportion or amount of cooling agent flowing in the
main cycle for the cold storage of the subsidiary storage
cycle, as well as for the heat exchanger of the
subsidiary heat exchanger cycle and therewith make a
parallel mode of operation possible. For the main task of
air conditioning or cooling the interior of a wvehicle,
additional heat transfer is required which permits the
inﬁake temperature of the cycle medium of the compressor
to drop significantly. This lower temperature in the
intake region of the compressor is thus responsible for
decreased efficiency and therewith increased fuel
éonsumption for cooling the interior of the wvehicle.

The aim of the present invention is to make
available an advantageous, éfficiently operating air
conditioner which has a primary cycle and a secon@ary
cycle linked fluid mechanically in parallel thereto, for
which a useful cycle can be coupled thermally to the
secondary cycle, whereby the operation and mode of action

of the air conditioner is optimized.
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This aim is achieved by the distinguishing features
of the independent claims, whereas appropriate
embodiments are described by the distinguishing features
of the dependent claims.

According to the invention, an air conditioner is
provided which can be particularly advantageous when
installed in a vehicle. Moreover, the air conditioner has
at least one primary cycle and at least one secondary
cycle which can be linked thereto in parallel, as well as
at least one useful cycle which can be coupled to the
gecondary cycle and may, for example, be a latent cold
storage cycle of an integrated, engine-independent air
conditioner with a latent cold storage. The primary cycle
which may, for example, advantageously function as a
standard air conditioning cycle operating according to
known methods, is connected fluid mechanically with the

- secondary c¢ycle, i.e. the primary cycle and the secondary
cycle of the air conditioner form closed systems with
respect to the circulating or flowing working medium or
cycling medium. A closed system is understood here to be
a defined closed space filled with a material, to which
matter 1s not supplied and from which matter is not
removed, though technical work can be carried on in this
space and/or heat transported over the gystem boundaries.
The closed, useful cycle can be coupled thermally over a
heat-exchanging device with the secondary cycle.
Accordingly, heat exchange can take place between the
secondary cycle and the useful cycle.

As already stated, the useful c¢ycle may, for
example, advantageously bhe a standard air conditioner
with a latent cold storage in which case, when the

inventive air conditioner 1ig uged, the latent cold
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storage can be charged optimally, continuously and
rapidly, preferably within 2% hours, during the operation
of the primary and/or standard air conditioning cycle
while the driving unit is running. Therefore, the
following mainly describes in greater detail the use and
effects of the inventive air conditioner in conjunction
with a standard air conditioner with latent coldAstorage.
However, it should be noted that the useful cycle need
not necessarily be an integrated engine-independent air
conditioner with latent cold storage.

The fluid mechanical linkage of the primary cycle
and the secondary cycle, i.e. the bringing together or
coming together of the respective streams of the cycling
medium which flow through the primary cycle and the
secondary cycle, takes place at least with one device,
advantageously having at least two inlets and one outlet.
As a result, the streams of the cycling medium are
combined into one stream which later can or will divide
again depending on the operating mode of the air
conditioner. A cycling medium flowing into the device is
subjected to different geometric boundary conditions than
a different cycling medium flowing thereinto in such a
manner that the one cycling medium flowing in reduces the
static pressure of the other cycling medium flowing in
before the cyeling media come togetherz

The primary cycle as well as the secondary cycle of
the inventive air conditioner comprises correspondingly
known, essential or necegsary components and works in
each case according to known thermodynamic cycling
methods or cycling processes. These components are, for
example, heat exchanger devices, of which advantageously

one functions as condenser for the heat exchanging device
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common to the two cycles, i.e. as condenser for the
flowing, cycling medium and two heat exchangers function
as an evaporator, one for each cycle, for the flowing,
cycling medium. Moreover, an expansion device, for
example, advantageously in the form of an expansion valve
or throttle, is provided between the condenser and the
evaporator for each cycle upstream from the heat-
exchanging device functioning as evaporator. This serves
to, for example, transfer a flowing or incoming cycling
medium, which is under a high pressure and in a liguid
state of aggregation, into a state of lower pressure and
lower temperature so that, by a subsequent evaporation
process, it can take up heat from the surroundings in the
evaporator disposed downstream.

Moreover, in order to operate such a thermodynamic
cycle for air conditioning at least one compressor is
required, which ensures that the c¢ycle medium i1s, on the
one hand, circulated in the closed system of the cycle or
cycles, i.e. get in motion and, on the other hand, 1is
compressed. Advantageously, for the operation of two air
conditioning cycles linked fluid mechanically in parallel
as in the case of the inventive air conditioner, only one
compressing device is provided, it being located between
the two evaporators of the c¢ycle and the common
condenser. Other components such as temperature switches,
liguid containerg, filter dryers, etc. which may be
integrated in such air conditioners are not dealt with
since they are known, and likewise for the components or
air conditioners with two cycles which are connected in
parallel fluid mechanically and have already bheen

presented and described.
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Owing to the fact that, for the inventive air
conditioner for which a primary cycle is connected fluid
mechanically with a secondary cycle over at least one
device, the one cycle medium which flows through the one
cycle reduces the static pressure of the other cycle
medium, the sgignificant advantage arises for the cycle
with the cycle medium for which the static pressure of
the cycle medium decreases, as this cycle is thermally
more efficient, i.e. more effective with regard to heat-
exchanging processes over a heat exchanger, than such a
cycle without such a device. The static pressure of the
other cycle medium flowing into the device 1is reduced by
the one cycle medium flowing into the device immediately
before the cycle media come together. For example, an

even lower evaporator temperature of an evaporator

(advantageously -7°C) of the cycle with the cycle medium,
the static pressure of which will be or is reduced, is
agssociated therewith. In other words, even more heat can
e withdrawn from a latent cold storage cycle of an
integrated, engine-independent air conditioner with
latent cold storage (latent cold storage system) in the
form of a 1latent cold storage system, coupled, for
example, thermally to this cycle, in less time or during
an even shorter duration, preferably within 2% hours.
Further . advantages, according to which the static
pressure and the temperature of the other cycle medium
are gignificantly reduced by using such a deVice, arise
in the following by means of a coupled latent <cold
storage cycle, for example. It should be noted that it is
evident to someone of ordinary skill in the art that the
geometric boundary conditions of such a device for

linking two cycles or cycle media of a closed system of
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an air conditioner, so described, may also comprise,
agide from curvatures and/or cross sections or cross-
sectional changes, - for example, special surfaces for
achieving frictional effect or effects due to friction-
which have the same effect' as the lowering of the static
pressure or the temperature of the respective cycle
medium.

Preferably, the dynamic pressure of the other cycle
medium 1is increased. Thereby,‘the process of charging a
corresponding latent cold storage, thermally coupled, may
occur optimally and in a shorter time.

Advantageously, the device of the inventive air
conditioner is in the suction area of a common compressor
device for the primary cycle and the secondary cycle. By
these means, for example, a continuous parallel_operation
of the primary cycle and the secondary cycle is possible.

In an adﬁantageous development of the inventive air
conditioner, the secondary cycle, through which the other
cycle medium flows, is connected with the second inlet of
the device. As already shown and partly described, this
results in an optimum mode of operation of the secondary
cycle with respect to the possible thermal coupling of a
useful cycle, such as, for example, a latent cold storage
cycle. Advantagecusly, the evaporator temperature of the

evaporator of the secondary cycle is then about 2° to
10°K lower than the evaporator temperature of the
evaporator of the primary cycle and advantageously lies
within thé range of -4°C and -12°C. By these means, as

already indicated, a latent cold storage coupled, for

‘example, within the scope of the useful cycle, can be

charged very advantageously.



10

15

20

25

30

WO 2008/047262 PCT/IB2007/053768

12

Particularly advantageously, the useful cycle, which
can be coupled to thé secondary cycle, 1is at least one
integrated, engine—indepéndent alr conditioner with a
latent cold storage device. Thus, the latent cold storage
of the inventive air conditioner can be <charged
efficiently over the secondary cycle, for example,
guickly and at wvery low evaporator temperatures of an
evaporator of the secondary cycle. Alternatively,
however, other useful cycles are also éonceivable, for
example, for operating a refrigerator which ig carried
inside the wvehicle.

Advantageously, the device 1s constructed as a
tubular combination of pipes essentially in the form of a
T. This is mostly due to the simpler and more cost-
effective manufécturing process associated therewith. Of
course, a pipe joint essentially in the form of a Y, for
which the geometric boundary conditiong are to be carried
out accordingly, would also be conceivable,

Advantageously, for an inventive air conditioner
with a device of the type described, the position of the
crogs-sectional plane of a first inlet and the position
of the cross-sectional plane of a second inlet of the
device for fluid mechanically linking two cycles are at
an -angle ranging from 60° to 120° preferably 90°.
Additionally, the advantageous position of the cross
section of the first inlet is parallel to the position of
the cross section of the outlet of the device. By these
means, a further advantageous effect on the cycle media
correspondingly flowing in is achieved, according to
which a compressor device, disposed appropriately after
the outlet, can work more efficiently, i1.e. requires less

driving power.
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Advantageously, the tubular combination of pipes has
a circular cross section. By these means, it 1s possible
to implement a relatively sgimple manufacturing process
for the device. The circular cross sections have an
advantageous effect on the flowing cycle media with
respect to losses. Of course, a device or a combination
of pipes with sqguare, rectangular or oval, i.e.
elliptical cross sections 1s also conceivable.

Preferably, the internal diameter of the second
inlet is larger than the internal diameter of the first
inlet. By these meang, more space 1s made available to
the cycle medium which flows into the second inlet,
thereby leading to a decrease in pressure.

Advantageously, the internal diameter of the first
inlet of the device ranges from 12 mm to 14 mm and the
internal diameter of the second inlet of the device
ranges from 14 mm to 16 mm. The same is preferable for
the corresponding pipes carrying cycle medium.

In an advantageous embodiment, the device comprises
a nozzle structure after the first inlet. By these means,
and with appropriate construction, a suction effect can
be achieved on the other cycle medium flowing into the
device. The suction effect, on the one hand, for example,
decreases the necessary driving power of a compressing
device and, on- the other hand, increases the efficiency
of the other cycle medium in relation to heat-exchanging
procesgses. By these means, for example, the evaporative
temperature of an evaporator, operated accordingly with
this cycle medium for charging a latent cold storage, can
be reduced by 3°K to -10°C.

Advantageously, the nozzle structure is constructed

essentially in the form of a Laval nozzle. For such a



10

15

20

25

30

WO 2008/047262 PCT/IB2007/053768

14

nozzle, the Cross section initially decreases
continuously (convergence) to a minimum and subsequently
expands up to the outlet of the fluid or cycle medium
(divergence). Accordingly, by integrating a nozzle of the
described shape, the cycle medium flowing into the first
inlet experiences an acceleration, 1.e. the kinetic
energy of the first cycle medium increases. As a result,
upon leaving the Laval nozzle, a suction effect, i.e. a
reduced pressure is exerted on the other cycle medium
flowing into the second inlet. For example, the therewith
assoclated suction effect on the one hand can lead to
relieving the load on a compressor device positioned
after the outlet of the device. On the other hand, the
thermal effectiveness of the other, suctioned cycle
medium is' increased, according to which, for example,
during the operation of an evaporator which is positioned
upstream and through which the other cycle medium flows,
the temperature of the evaporator decreases during the
evaporation process, i.e. during the heat exchange, and
the heat taken up is transported awéy more quickly.
Preferably, the nozzle structure extends at least
over the width of a recess for the second inlet into the
device. By these means, mostly the suction effect, i.e.
the reduced pressure of the cycle medium passing or
flowing through the nozzle structure on the other cycle
medium flowling into the second inlet, is increased.
Advantageously, the device comprises a diffuser
structure, 1i.e. a steady increase 1in cross section
extending continuously downstream, before the outlet.
Advantageously, the diffuser structure 1is rotationally
gymmetrie., Advantageously, the diffuser structure is

located at a place beyond where the cycle media entering
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the device meet. A diffuser structure has the reverse
effect of a nozzle, i.e. the Qelocity' of the flowing
cycle medium or of the now mixed cycle media of the cycle
medium entering the first inlet and of the cycle medium
entering the second inlet is decreased, with the
pressure, at the same time, being increased. This has the
advantage that the work to be carried out by the
compressor device for the suction can be or is reduced.
Preferably, the conical angle made by the diffuser

structure with the longitudinal axis of the diffuser

structure ranges from 2° to 15°, especially from 3° to 8°.
By these means, for example, a condition advantageous to
the flow of the cycle medium is attained, as a result of
which losses are reduced.

It is particularly preferred if, for an inventive
air conditioner, the nozzle structure and/or the diffuser
structure is produced by an extrusion process. By these
means, these components of the device can be produced
quickly and simply. Moreover, production by a blowing
process, an injection molding process or a casting
process by means -of appropriate molds would also be
conceivable.

Preferably, the second inlet of the device 1is
constructed as a drawn connecting sleeve. By these means,
an appropriate pipe carrying the c¢ycle medium can be

connected easgily with the second inlet, for example, by a

- welding or soldering process. Accordingly, the assembly

and/or the ilnstallation of the device with pipes carrying
the cycle medium 1s simplified significantly. On the
other hand, for example, an integral construction of the
first inlet with the second inlet and the outlet can also

be realized.
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Preferably, the nozzle structure after the first
inlet of the device is positioned in a cross-sectionally
expanded section, being installed advantageously, for
example, from the side on which the outlet is located.
Associated with this is also the position of the diffuser
structure which is located before the outlet and which,
like the nozzle structure, can also be inserted into the
device from the opening of the cutlet.

Advantageously, there isg, at least on a portion of
the areas of the nozzle structure, at least one O-ring,
i.e. at least one part of the area of the nozzle
structure is surrounded by an O-ring or the O-ring is
surrounded by the nozzle structure. The advantage arising
therefrom is, for example, in the case of an appropriate
construction and an appropriate installation, the nozzle
structure is sealed from the surface of the first inlet.
On the other hand, the possibility of fastening the
nozzle structure is provided therewith since,
advantageously, the O-ring is present in a compressed
state and; accordingly, slippage of a nozzle structure,
so constructed in the device, is also avoided.

The nozzle structure and the diffuser structure
preferably can be produced as separate components or
individual'parts of the device, there heing after the
installation at least one spacer between the nozzle
structure and the diffuser structure. The corresponding
manufacturing processes are simplified greatly by
producing the nozzle structure and the diffuser structure
separately. The mounting and the fastening or the
installation in the device by means of spacers, O-rings,
etc. is also simplified. Likewise, by such a

construction, interchangeability of these cycle medium-
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influencing components of the device is also provided in
the event that one component is damaged or broken. Of
course, Iinterchangeability of other nozzle structure

geometries or diffuser structure geometries or components

and adaptability of the device for air conditioning cycle

systems provided and differently dimensioned
appropriately therefore is also associated therewith. _

Advantagedusly, the nozzle structure with the cycle
medium-carrying pipe for the first inlet is comnected at
the first inlet over a clamping device of the device and
the cycle medium-carrying pipe at the second inlet and at
the outlet of the device is Connecfed with the device
with a positive material £fit. This results in the
advantage that the installation is simplified.

In a preferred embodiment of the inventive air
conditioner, the nozzle structure and/or the diffuser
structure can be introduced into the device over the
outlet. By these means, on the one  hand, the
interchangeability of these c¢ycle medium-influencing
components of the device is provided and, on- the other,
aside from a therewith-associated simpiified manufacture
of the device and its components, the installation or
assembly is also simplified. Of course, the device may
also be constructed completely in an integral manner.

Advantageously, the diffuser structure is connected
by friction with the outlet or the outlet region, the
cutlet or outlet region having a conical shape. By these
means, the diffuser structure may be integrated quickly
and simply in the device.

. Advantageously, in the case of an inventive air
conditioner, the flow rate of the cycle medium through

the diffuser structure (14) ranges from 50 kg/h to 250
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moo
kg/h, the ratio of flow rates R=—109%  potween the

m secondary cycle

primary cycles 100 and the secondary cycle 200 ranges
from 0.4 to 0.8.

Advantageously, for an inventive air conditioner, a
bypass pipe with control equipment between the intake
region of the compressor device and the region of the
first inlet of the device is provided in addition to the
device. Moreover, for example, the operation of the
primary cycle can be switched off or on, while the
secondary cycle is used for rapidly charging an empty
latent cold storage of a thermally coupled latent cold
storage cycle of an integrated, engine-independent air
conditioner with latent cold storage.

Advantageously, the control equipment is constructed
as a magnetic valve. Magnetic valves operate reliably,
have a simple construction and can be conveniently
manufactured.

Advantageously, the control eguipment is constructed
as a differential pressure valve. Thus, for example, one
of the two cycles, depending on the pressure level set,
can be operated automatically as a function of the
operating state of the other cycle.

Preferably, in the case of the inventive air
conditioner, the pressure difference between the outlet
and the second inlet of the other cycle medium of the
device ranges from about 0.2 bar to 1 bar less than
between the outlet and the first inlet of the one cycle
medium of the device, in order therewith to find a
pressure difference of practically the same magnitude at

the thermally-active component.
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Advantageously, the device 1is made £from piastic,-
preferably from polypropylene (PP}, polyamide (PA),
polyphthalamide (PPA) or polyphenylene sulfide (PPS).
Thus, an accordingly simple manufacturing process of the
device or, depending on the construction and design, of
the components of the device can be realized.

Preferably, the device of the inventive air
conditioner is constructed as an integral component of
the connecting region of a compressor device.

Furthermore, a method is also provided for operating
an air conditioner, egspecially for a wvehicle, with a
primary cycle and a secondary cycle, linked in parallel
thereto, as well as with at least one useful cycle which
can be coupled to the secondary cyecle, at least one
device with at least two inlets and one outlet being
provided for the fluid mechanical linkage of the primary
cycle to the secondary cycle, for which a cycle medium
flowing therein is subjected to different geometric
boundary conditions than a different cycle medium flowing
therein, the static pressure of the other cycle medium
being decreased by the one cycle medium before the cycle
media come together.

2dvantageously, for the method of operating an air
conditioner, the dynamic pressure of the other cycle
medium ig increased.

Furthermore, it may be noted that, when the
inventive air conditioner is used, there is no danger
that one of the evaporators of the primary cycle will ice
up. It should be mentioned that, by integrating a device,
so described, in an ailr conditioner, there 1is also no

cycle-damaging oll recirculation.
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The disclosed distinguishing features of the
inventive air conditioner or of the inventive method can,
of course, be combined at will with one another in order
to achieve further advantages and properties.

The above-mentioned ' and other objectives,
distinguishing features, aspects and advantages of the
present invention will become evident to persons of
ordinary skill in the art by means of the following
detailed description, which, in conjunction with the
attached Figures, discloses a preferred embodimént of the
present invention, which, however, is to be understood
strictly as an example and not as 1imiting..

In the drawing,

Figure 1 shows a c¢ross section of a preferred embodiment
of the device 500 of the inventive air
conditioner 1000 with an integrated Laval nozzle
13,

Figure 2 shows a cross section of a further preferred
embodiment of the device 500 of the inventive air
conditioner 1000 with an integrated Laval nozzle
13 and with an integrated diffuser 14,

Figure 3 shows a cross section of a further preferred
embodiment of the device 500 of the inventive air
conditioner 1000 with an integrated Laval nozzle
13 and with an integrated diffuser 14,

Figure 4 shows a cross section of a further preferred
embodiment of the device 500 of the inventive air
conditioner 1000 with an integrated Laval nozzle
13 and with an integrated diffuser 14,

Figure 5 shows an embodiment of the inventive air
conditioner 1000 in a diagfammatic

representation, the useful c¢ycle 300 being a
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latent cold storage cycle of an integrated,
engine-independent air conditioner with a latent
cold storage 31 and

Figure 6 shows a further embodiment of the inventive air
conditioner 1000 in a - diagrammatic
representation, the wuseful cycle 300 being a
latent c¢old storage c¢ycle of an integrated,
engine-independent air conditioner with a latent
cold storage 31.

Figure 1, with reference to the representation of an
example of the inventive air conditioner 1000, shown
diagrammatically in Figures 5 or 6, shows an advantageous
embodiment of the device 500 for the fluid mechanical
coupling with the first air conditiéning cycle, i.e. the
primary cycle 100 fluid mechanically with the second air
conditioner cycle, i.e. the secondary cycle 200.

Accordingly, a pipe joint 500 is.shown, to which,
among other things, a first cycle medium-carrying pipe
111 of the primary c¢ycle 100 and a second cycle medium-
carrying pipe 221 of the secondary cycle 200 are
connected. Accordingly, the flowing cycle medium 11 of
the primary cycle 100, which flows into the first pipe
111, with the flowing cycle medium 22 of the secendary
cycle 200, which flows into the second pipe 221, is
combined or mixed into a common stream 1122 in the device
500. The common stream 1122, which results from the
coming together or mixing of the flowing cycle media 11
and 22 and which, in turn, 1is divided further on once
again among the appropriate pipes of the primary cycle
100 and the secondary cycle 200, flows in the common pipe
121 (main pipe) for the primafy and secondary cycles 100,

200 to the outlet 12 out of the pipe joint 500.
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The pipe joint 500 advantageously 1is constructed
accordingly from pipes 111, 221, 121 which are circular
in cross section, and has a first inlet 1, a second inlet
2 and a (common) outlet 12. The cross section of the
first inlet 1, through which the cycle medium 11 of the
primary c¢yclie 100 flows, 1is disposed advantageously
parallel to the cross-sectional plane of the common
outlet 12, in which the cycle streams or cycle media 11,
22 of the primary cycle 100 and of the secondary cycle
200 are combined.

In the example shown, the crogs section of the
second inlet 2, through which the cycle medium 22 of the
secondary cycle 200 flows, makes an angle of 90° with the
position of the cross-sectional plane of the first inlet
1, through which the cycle medium 11 of the primary cycle
100 flows. Accordingly, the pipe joint 500 is constructed

with a T-shaped configuration. Of course, a different

"value or range for the angle, preferably ranging from 60°

to 120° and the therewith associated position of the
second inlet 2 or of the resulting flow wvector of the
cycle flow 22 in the second inlet 2 to the first inlet 1
would also be conceivable here.

For the embodiment shown, the internal diameter of
the first inlet 1 is smaller than the internal diameter
of the second inlet 2, as a result of which the flow
cross sections, i.e. the cross sections through which the
cycle media 11, 22 flow, also correspond thereto.
Preferably, the internal diameter of the first inlet 1 or
of the first cycle medium-carrying pipe 111 ranges from
12 mm to 14 mm and the internal diameter of the second
inlet 2 or of the second cycle medium-carrying pipe 222

ranges from 14 mm to 16 mm, Assoclated therewith is a
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significant change in the state, that is, in the
characteristic physical and thermodynamic values of the
cycle medium 22 of the secondary cycle 200, flowing in
the second pipe 221, according to which, for example, the
velocity of the flowing cycle medium 22 of the secondary
cycle 200 is decreased. The further effects on the
flowing cycle media and, with that, on the mode of
operation of the inventive air conditioner 1000 with the
useful cycle 300, which can be coupled to the secondary
cycle 200, will be explained and described in greater
detail in the following by means of Figures 5 and 6.

Moreover, for improving the mode of action and for a
therewith associated increase in the efficiency of the
operating manner of the inventive air conditioner 1000
with a useful cycle 300, which can be coupled, the pipe
joint 500 has an integrated nozzle structure in the form
of a Laval nozzle 13 with a circular cross section
throughout. The effects and advantages on the mode of
operation, arising from the integration of the Laval
nozzle 13 in the pipe joint 500, will be explained and
shown by means of Figures 5 and 6. The Laval nozzle 13 is
integrated downstream at the first cycle medium-carrying
pipe 111 after the first inlet 1 in the region of the
common pipe 121. As can be inferred from the example of
the device 500, shown in Figure 1, the Laval nozzle 13
advantageously 1is an integral component of the first
cycle medium-carrying pipe 111 here.

Starting from the internal diameter of the first
inlet 1, the internal diameter of the pipe forming the
section of the Laval nozzle 13 decreases steadily,
starting from the first inlet, in the direction of the

common outlet 12 to a minimum and subsequently increases
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somewhat once again. The flow of the cycle medium 11 of
the primary cycle 100 is accelerated thereby downstream
in the region or in the nozzle and accordingly reaches a
velocity higher than the entrance velocity into the first
inlet 1 of the pipe joint 500.

The structure of the Laval nozzle 13 advantageously
extends over the region of a recess for the cycle medium
22, flowing into the pipe joint 500 over the second inlet
2 and ends downstream only shortly after the region of
the recess 20 for the second inlet 2. The suction effect
of the flowing cycle medium 11 of the primary cycle 100,
therewith associated in the case of an appropriate
operation of the inventive air conditioner with a device
so constructed on the flowing cycle medium 22 of the
secondary cycle 200, optimizes this clearly. As already
indicated repeatedly above, this suction effect is also
described and represented in even greater detail by means
of a consideration of the system, based on Figures 5 and
6.

From the common outlet 12 of the pipe joint 500 of
T-shaped configuration, the c¢ycle medium 22 of the
secondary cycle 200, combined or mixed with the cycle
medium 11 of the primary cycle 100, preferably is in the
intake region of a compressor device 3 {(see Figures 5 or
6) of the inventive air conditioner 1000 with a useful
cycle 300, which can be coupled,

With respect to boundary conditions of the pipe
joint 500, favoring flow and cycling and, accordingly, an
optimum mode of operating the inventive air conditioner
1000 with the useful cycle 300, which can be coupled, the
connecting ends of the second pipe 221 connected to the

common pipe 121 in the region of the recess 20



10

15

20

25

30

WO 2008/047262 PCT/IB2007/053768

25

appropriately provided for this purpose for the
embodiment shown in Figure 1, are advantageously rounded
off. The first pipe 111 and the second pipe 221 are
advantageously connected with one another with a positive
material fit in the example of the device or the pipe
joint 500 shown. Thus, above all, the required
leakproofness of the pipe joint 500 is ensured. Likewise,
a pipe joint so constructed can.be produced guickly and
easily.

Likewlse, a continuous, integral construction of the
pipé Joint 500 in the region, in which the flow of the
cycle medium 11 of the primary cycle 100 is combined with
the flow of the cycle medium 22 of the secondary cycle
200, is conceivable, for which the respective transitions
of the pipes or of the connecting devices are
appropriately configured geometrically,

The example of the device 500 as a pipe joint of T-
shaped configuration shows the device 500 as a separate,
independent component of the cycle of the inventive air
conditioner 1000 with wuseful cycle 300, which can be
coupled. Likewise, it would be conceivable or obvious to
provide the device 500 as an integral component of the
housging of a compressor device, i.e., for example, of a
compressor 3, appropriate connecting devices at the
housing of the compressor 3 then having to be provided
for the first pipe 111 and the second pipe 221.

The cross section of a further embodiment of the
device 500 of the inventive alr conditioner 1000 with
useful c¢ycle 300, which can be coupled, ig ghown in
Figure 2. This embodiment corresponds esgentially to that
cf the example of the device 500, which has already been

shown and explained in greater detall in Figure 1. In
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addition, however, the embodiment of the device 500 of
the inventive air conditioner 1000 with useful cycle 300,
which can be coupled, shown in Figure 2, has, before the
outlet 12 of the (common) pipe 121, a section or region
in which the pipe 121 ig constructed as a diffuser
structure 14. Moreover, the diffuser structure 14
advantageously is downstreamn in‘ the direction of the
flowing cycle media 11, 22 or of the flowing cycle medium
1122. The internal diameter of the conical diffuser 14
incregses continuously and steadily, i.e. without jumps,
to the diameter, which is present at the outlet 12 of the
pipe joint 500. This internal diameter ig advantageously
retained up to a compressor device 3 (see Figure 5). The
angle Dbetween the inner surfaces and the longitudinal
axis of the diffuser, 1i1.e. the conical angle of the
diffuser 14, which preferably is constructed rotationally
symmetrically, advantageously ranges from 2° to 15° and
egpecially from 3° to 8§8°,

Within the framework of the flow conditions of the
cycle  medium (subsonic flow), existing  There and
customary, the diffuser 14 has an effect which 1is
opposite to that of a nozzle and according to which the
velocity of the cycle medium 1122 flowing through the
diffuser is decreased by the increase or expansion in
cross section, and, thus, the kinetic energy represented,
for example, by the dynamic pressure, decreases and the
pressure (static pressure) increases. Since the delay of
the flow of the cycle medium 1122 through such a cross-
sectional change results in an increase in presgure, this
phenomenon, for example, has an advantageous effect on a
compressor device 3 {compare Figures 5 or 6} connected

downstream from the outlet 12 of such a device or pipe
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joint 500, according to which the power required for
operating the compressor device 3, ife. the compressor,
is less. Accordingly, in view of the operation of an
inventive air conditioner 1000 explained, in  the
following, the integration of a diffuser 14 at the
appropriate place of the cycle optimizes this operation.
Moreover, the pipe joint 500 is advantageously designed
so that the flow rate of the cycle medium 1122 ranges
from 50 kg/h to 250 kg/h. It should be noted here that
pipe 121 and diffuser structure 14 as well as the first
pipe 111 and the nozzle structure 14 and also the second
pipe can be produced simply by shaping pipes.

Figure 3 shows in cross section a further example of
the device 500 of the inventive air conditioner 1000 with
the useful cycle 300, which can be coupled. As already
shown by means of the examples of Figures 1 and/or 2, the
pipe joint 500 has essentially a T-shaped configuration
or a T-shaped structure. The components esgssential for the
effect, namely the nozzle structure or Laval nozzle 13
and the diffuser structure or diffuser 14, are produced
here separately as individual parts. By these means,
above all a simpler and more cost effective manufacturing
process can be Iealizedh for example, by extrusion or
injection molding, especially when these components are
made from a plastic such as polypropylene (PP), polyamide
(PA}, polyphthalamide (PPA) or polyphenylene sulfide
(PPS) . ’
In the example shown, the pipe joint 500 preferably
congists of a solid rectangular basic body 58 and, with
respect to the Laval nozzle 13 and the first cycle
medium-carrying pipe 14, a clamping device or clamping

body 59 with an appropriate recess or contacting surface
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for the Laval nozzle 13 and the first cycle nedium-
carrying pipe 111. The Laval nozzle structure 13 is
ingerted or intégrated in the basic body over an
appropriately provided recess or borehole in the basic
body 58 of the pipe joint 500. A portion of the first

pipe 111 is integrated in the Laval nozzle 13 over an

appropriately provided recess or borehole in the Laval

nozzle 13. For the example shown in Figure 5,
advantageously after the first inlet 1 and before the
Laval nozzle structure 13, the first pipe 111 has a
downstream peripheral offset or a correspondingly formed,‘
peripheral edge produced, for example, by a converting or
pressing process which on one side functions as a
contacting element or contacting surface for a region of
the Laval nozzle 13, and on the other side as a
contacting element or contacting surface for a region of
the clamping body 59. The Laval nozzle 13 and the first
pipe 111 are pressed together or connected positively
over an appropriate device for connecting the clamping
body 59 with the basic body 58 of the device 500. For the
embodiment shown here, the device for connecting is
constructed as a borehole with an internal thread at the
basic body 58, as a borehole at the clamping body 59 and
as a screw 61. Likewise, other devices for connecting the
clamping body 59 or the Laval nozzle 13 and the first
pipe 111 with the basic body are also conceilvable.

In order to ensure that the device or the pipe joint
500 has the required leakproofness, at least one O ring
is integrated or pressed between a section of the
borehole area of the basic body 58 for the Laval nozzle
structure 13 which is to be accommodated, and a section

of the cuter structure surface of the Laval nozzle 13,
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Moreover, at least one further 0 ring 60 ig between a
section of the borehole surface of the Laval nozzle 13
and a section or a part of the outer surface of the
section of the first pipe 1ii. Of course, other devices
for sealing, such as a sealing paste, are also
conceivable here.

In the example of the device 500 of the inventive
air conditioner 1000 with the useful cycle 300, which can
be coupled, shown in Figure 3, the diffuser structure 14
is integrated in a section of the common pipe 121 before
the outlet 12 of the pipe joint 500 or advantageously
pressed together frictionally with the latter. Moreover,
the common pipe 121 as well as the pipe 221 of the second
inlet 2 is pressed together advantagecusly with the basic
body 58 of the pipe Jjoeint 500; it 1is, however,
particularly advantageocus with respect to leakproofness
if they are welded together with a positive material fit.
Alternatively, cycle medium-carrying pipes 111, 221, 121
could alsc be connected, for example, with flange
connections. The installation, i.e. the assembly of the
pipe joint 500 and the individual components such as the
Laval nozzle 13 or the diffuser inset or diffuser 14
which can be produced easily because of their
configuration are an essential advantage which arises
from such an embodiment.

Figure 4 shows a cross-sectional view of a further
embodiment of the device 500 of the inventive air
conditioner 1000 with a useful cycle 300, which can be
coupled. The first cycle medium-carrying pipe 111,
preferably of the primary cycle 100, extends here up to
the outlet 12 of the pipe joint 500 and, at the outlet

12, has a peripheral edge, produced, for example, by a
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shaping process. The Laval nozzle 13 and the diffuser 14
are produced here once again advantageously as separate,
individual parts and are integrated or installed, as
already described, in a corresponding section of the pipe

11 of expanding cross section. At least one spacer 18

fixes the distance here between the nozzle structure 13

and the diffuser structure 14. In the region of the
recess 20 for the cycle medium 22 entering the pipe joint
500 over the second inlet 2, this spacer 18 likewise
comprises a corresponding recess, so that the streams of
cycle media 11, 22 of the primary cycle 100 and of the
secondary cycle 200 can come together and mix. For the
installation, accordingly, the Laval nozzle 13, the
spacer 18 as well as the structure of the diffuser 14 are
introduced over the outlet 12 into the pipe joint 500.
With the already described simplified installation
degcribed, there is also the possibility of exchanging
these components rapidly.

Moreover, the region of the second inlet 2 or the
second inlet 2 advantageously 1s constructed as a drawn
sleeve or as a drawn pipe section. With that, the cycile
medium-carrying pipe 22 of the secondary cycle 200 can be
connected simply and quickly to the pipe joint 500 of the
secondary c¢ycle 200. For the installation, the end
section of the second pipe 221 only has to be inverted
here over the pipe section of the second inlet 2 before
the second pipe is connected by means of a welding'or
soldering process advantageously with a positive material
fit with the pipe joint 500.

Moreover, the first pipe 111, at its downstream end
at the outlet 12, is connected with the pipe 121 over the

peripheral edge by means of a flange connection 70. The
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flange connection 70 advantageously consists of two
partial bodies which can be connected with one another
and have corresponding recesses or boreholes for the pipe
111, 121. The partial bodies of the flange connection 70
are advantageously connected, as shown in the example of
Figure 5, by means of at Jleast one screw and thread
connection. Aiternatively, it would also be conceivable
here to connect the two partial bodies by means of clamps
or other devices.

The (common) pipe 121 is configured appropriately at
its upstream end section, i.e. the section facing the
device 500, a peripheral edge for fastening to or
connecting with the first pipe 111 of the flange
connection 70 and a peripheral groove for accommodating
or integrating at least one O ring 60 being provided for
forming a seal. The pipe 121, which advantageously passes
the flowing cycle medium 1122 to a common COmMPressor
device 3 (Figures 5 or 6) for the primary cycle 100 and
the secondary c¢ycle 200, is introduced into the first
cycle medium-carryving pipe 111 up to the stop of the
peripheral edge at the peripheral edge of the first pipe
111 at the outlet 12 of the pipe joint 500.

Figure 5 shows an embodiment of ‘the inventive air
conditioner 1000 with the useful cycle 300, which can be
coupled, in a diagrammatic representation, the useful
cycle 300 being a latent cold storage cycle of an
integrated engine-independent air conditioning system
with a latent cold storage 31. As already pointed out
repeatedly, the air conditioner has a standard air
conditioning cycle, i.e. a primary cycle 100, which is
linked in parallel with a second cycle, the gecondary

cycle 200, fluid mechanically with respect to the
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circulating or flowing c¢ycle medium, on the one hand,
over the distributor device, i.e. the pipe branching 400
and the device, i.e. the pipe joint 500. Moreover, there
is a latent cold storage cycle 300 which is cbupled
thermally, i.e. in a heat-exchanging relationéhip, with
the secondary cycle 200.

In the example of the air conditioner 1000 shown,
with the integrated, engine-independent air conditioning,
the primary cycle 100 comprises the egsential components,
namely a compressor device in the form of a compressor 3
functioning for the primary cycle 100 as well as for the
secondary cycle 200 for compressing and pumping the
circulating cycle or working medium, a heat-exchanging
device which, with respect to the working medium, works
as a condenser 4, i.e. as a liquefier, a control device
in the form of a magnetic wvalve 15, an expansion organ,
advantageously in the form of a throttle 16, as well as a
heat exchanger acting as an evaporator 17 in relation to
the cycle medium 11 of the primary cycle 100. Of course,
for example, a collecting organ {(not shown in Figure 5},
which usually is constructed in the form of a liguid
container with filter and advantageously 1is positioned
between the condenser 4 and the magnetic valve 3, may be
added to the above-mentioned most important components of
the primary cycle 100.

With respect to the evaporator 17 of the primary
cycle 100 and the heat-exchanging device, i.e. the
evaporator 27 of the secondary cycle 200, the latter is a
second cycle of the inventive air conditioner 1000 which
can be linked or operated in parallel to the primary
cycle 100, In the example shown in Figure 5 and

corresponding to the primary cycle 100, the secondary
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cycle 200 has a magnetic wvalve 25, an expansion organ,
i.e. a throttle 26, an evaporator 27, as well as a device
for permitting flow in one direction in the form of a
check wvalve 28, The check wvalve 28, preferably
automatically, blocks passage of the cycle medium in one
direction of -flow (upstream). As shown, a portion of the
cycling or working medium flows through the secondary
cycle 200, The pipe which carries the cycling medium and
is essential for the primary cycle 100 is labeled 111 and
the pipe which carries the c¢ycling medium and is
essential for the secondary cycle 200 is labeled 221.

The secondary cycle 200 is connected in parallel or
coupled fluid mechanically to the primary cycle 100, on
the one hand, over a distributing device 400 which
divides the flowing cycle medium of pipe 121 and is
provided appropriately between the condenger 4 and the
magnetic wvalve 15 of the primary cycle 100, as well as,
on the other hand, over the device or pipe joint 500 for
(re)combining the flow of the cycle medium 11 of the pipe
111 of the primary cycle 100 with the flow of the cycle
medium 22 of pipe 221 of the secondary cycle 200, which
is located between the evaporator 27 or the check valve
28 of the gecondary cycie 200 and the compressor 3, or
which 1is between the evaporator 17 of the primary cycle
100 and the compressor 3. Accordingly, the pipe joint 500
is advantageously positidned in the intake region of the
common compressor 3 for the primary cycle 100 as well as
for the secondary cycle 200. Moreover, the pipe 221 of
the secondary cycle 200 is connected with the second
inlet 2 and the pipe 111 of the primary cycle 100 1is
connected with the first inlet 1 of the pipe joint 500.
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Moreover, ag already mentioned, a closed latent cold
storage cycle 300, independent with respect to the cycle
medium, is shown which i1is c¢oupled thermally to the
secondary cycle 200 over the evaporator 27 of the
secondary cycle 200. The latent cold storage cycle 300
has a pumping device 32 which ig intended for the
circulation of a cycle medium of the latent cold storage
cycle 300, a heat exchanger 33 as well as a latent cold
storage device 30. The evaporator 27 of the secondary
cycle 200 is integrated advantageously in the latent cold
storage device 30. Moreover, the Ilatent cold storage
device 30 comprises a heat exchanger 37 of the latent
cold storage cycle 300 and a latent cold storage 31 of
the latent cold storage cycle 300. '

The primary cycle 100 of the air conditioner with
the integrated engine-independent air conditioning 1000
is provided for the standard cooling of the interior of a
vehicle. When it is operated independently, which is
possible only when the drive assembly or combustion
engine is running, it 1is therefore a conventional air
conditioner operating according to a known method. The
magnetic valve 15 of the primary cycle 100 is then open
and the magnetic wvalve 25 of the secondary cycle 200
closed. Accordingly, only cycle medium driven by the
compressor 3 flows through the primary cycle 100.

In order to be able to air condition the interior of
the wvehicle overnight, i.e. while sleeping, without
having to run the drive assembly or the combustion engine
and, thus, having to accept the disadvantages described,
it is necessary to operate the latent cold storage cycle
300 which is coupled over the secondary cycle 200.

Because the combustion engine is switched off, it is not
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possible to operate the primary cycle 1(00. Consequently,
the primary cycle is not available for c¢ooling the
interior of the vehicle.

The cold stored in the latent cold storage 31 is now
emitted here over the cycle medium of the latent cold
storage cycle 300 by means of the pump device 32 of the
heat exchanger 37 of the latent cold storage device 30
and of the heat exchanger 33 of the latent cold storage
cycle 300 to the interior 'of the vehicle and,
accordingly, dissipated from the latent cold storage 31.

However, in order to discharge the latent cold
storage 31, i.e. to be able to withdraw and use the cold
stored therein for cooling, the latent cold storage 31
must first of all be charged with the combustion engine
running, for example, during driving time over the
parallel operation of the secondary cycle 200 in addition
to the primary cycle 100 and the compressor 3 by means of
appropriate mechanisms and methods which will be shown in
the following.

The latent cold storage 31 is charged, ag described
for the operation of the primary cycle 100, with the help
of the secondary cycle 200, consisting of known and
conventional components, according to a known method, an
evaporation process in the evaporator 27 of the secondary
cycle 200, taking place with respect to the cycle medium
22 which is a 1liguid under low pressure entering the
evaporator 27, being used not for withdrawing heat for
cooling alr intended for the interior of the vehicle for
cooling purposes but instead for withdrawing heat
contained in the latent cold storage 31 and thus cooling

the latter.
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As with conventional air conditioners without an
integrated, engine-independent air conditioning, the
cooling output for the interior of the wvehicle with the
combustion engine running and the primary cycle 100 in
use 1is usually determined and controlled by the
temperature of the air which is entering the interior of
the wvehicle and passed over the evaporator 17 of the
primary cycle 100. In view of the efficiency of the
system and the method and of maintaining these, it is the
aim here to operate the evaporator 17 only barely above
the icing limit, i.e. thé icing temperature. Accordingly,
evaporation temperatures of -4°C to -2°C are usually
employed so that the desired so-called outiet temperature
of the evaporator 17 of the primary cycle 100 vhas
corregponding values.

The latent cold storage 31 can now be charged by the
integration of an already-described device 500 for
combining the primary cycle 100 and the secondary cycle
200 in the form of flowing cycle medium 11, 22 of the
primary cycle 100 and of the secondary cycle 200 in
parallel and continuousliy for the operation of the
primary cycle 100. Moreover, the device 500, as shown,
for example, in Figure 1 and already described, is
positioned between the evaporator 27 or the check wvalve
28 of the secondary cycle 200 and the compressor 3 or
between the evaporator 17 of the primary cycle 100 and
the compressor 3. Accordingly, the magnetic valves 15 and
25 are open for a desired vehicle alir conditioning with
the help of the operétion of the primary cycle 100 as
well as the simultaneous charging of the latent cold

storage 31 of the latent cold storage device 30 of the
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latent cold storage'cycle 300 using the secondary cycle
200.

As already shown, for example, by means of the
embodiment of the device 500, shown by way of example in
Figure 1, the inlet 2 of the device 500, through which
the cycle medium 22 of the secondary cycle 200 1is
flowing, has a larger cross section than the inlet 1 of
the device 500 through which the cycle medium 11 of the
primary cycle 100 is flowing. This is associated with a
change in the flow and thermodynamic state of the cycle
medium 22 of the secondary cycle 200, present in vapor
form under a low pressure after leaving the evaporator
27, in that the characteristic wvalue of the static
pressure characterizing the cycle medium‘ 22 of the
secondary cycle 200, and the characteristic value of the
dynamic pressgure, 1.e. the back pressure, are less than
the corresponding Values of the cycle medium 11 of the
primary cycle 100. '

As a result, the pressure difference between the
intake region of the compressor 3 and the evaporator 27
of the secondary cycle 200 ig wusually 0.2 bar to 1 bar
less than the pressure difference between the intake
region of the compressor 3 and the evaporator 17 of the
primary cycle 100. Accordingly, the latent cold storage
31 is charged over the secondary cycle 200 continuously
and gimultaneougly with the operation of the primary
cycle 100 without icing the evaporator 17 of the primaxry
cycle 100 by frozen condensed water.

Due to the use of the device 500 for linking the
primary cycle 100 with the sgecondary cycle 200 in
parallel, the cycle medium 22 of the secondary cycle 200

has a lower temperature than the cycle medium 11 of the
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primary c¢ycle 100, The evaporation temperature level of
the evaporator 27, important for the charéing process of
the latent cold storage 31, accordingly is below the
evaporation temperature of the evaporator 17 of the

primary cycle 100, preferably by 2°C to 10°C, and

accordingly is in a usual range of -4°C to -12°C.

For operating optimally in the long run, the
charging process of the latent cold storage 31 of the
latent cold storage device 30 requires an evaporator
temperature which constantly becomes colder. Associated
therewith, in the sense of an even lower, i.e. colder
attainable temperature of the evaporator 27 of the
secondary cycle 200, a Laval nozzle 13 is integrated
appropriately with respect to the cycle medium 11 in the
examples of the device 500 which is shown in Figures 1 to
4. In addition to correspondingly even more advantageous
cross-sectional relationships, the ILaval nozzle 13
provides the cycle medium 11 of the primary cycle 100,
after leaving the Laval nozzle 13 downstream with an
aspirating property in relation to the cycle medium 22 of
the secondary cycle 200. By these means, while
essentially retaining the anvhow already low static
pressure level of the cycle medium 22 of the secondary
cycle 200, the dynamic pressure and, thus, the velocity
of the cycle medium 22 of the secondary cycle 200 which
is to be discharged from the evaporator 27 is increased
which, in combination, proves to be even more
advantageous for carrying away heat from the latent cold
storage 31 over the heat exchanger 37 of the secondary
cycle 200, By this measure, the evaporation temperature
of the evaporator 27 of the secondary cycle 200 can be

reduced even further. This 1is associated with a more
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rapid charging of the latent c¢old storage 31 of the
latent cold storage device 30 of the latent cold storage
cycle 300 which advantageously does not take longer than
2% hours even if, as already described, the primary cycle
100 is operated in parallel thereto. |

A further aspect, increasing the mode of operation
and efficiency of the inventive air conditioner 1000 with
a useful cycle 300, which can be coupled or, above all,
of the evaporator 27 of the secondary cycle 200, is the
advantageous integration, which  has already  been
presented by means of the examples of the device 500 in
Figures 2 to 4, of a diffuser structure 14 in the flow
direction of the flowing cycle medium 1122 in the device
or pipe joint 500.

The flow 1122 resulting from the flows of the cycle
medium 11 of the primary cycle 100 and of the c¢ycle
medium 22 of the secondary cycle 200 by combination or by
mixing is exposed to a constantly expanding cross section
within the device 500 in the region of the diffuser
gtructure 14, At the sgame time, there 'is mostly a
decrease in the kinetic energy, 1i.e. in the flow
velocity, and an increase in the static pressure. Since
the flow 1122 of the cycle medium, after leaving the
diffuser 14 or the outlet 12 of the pipe joint 500, is
directly in the intake region of the compressor 3, a
further optimization of the mode of operation is provided
by the changed flow condition of the cycle medium
produced by the diffuser 14, according to which, on the
one hand, the power reqgquired to drive the compressor 3
may be or is less. However, associated with this, on the

other hand, there is also a further reduction in the

evaporation temperature of the evaporator 27 of the
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secondary cycle 200. This is the result of the lower
pressure in pipe 221 and increases the thermal
efficiency.

Figure 6 shows a further example of the inventive
air conditioner 1000 in the form of a diagrammatic
representation, the useful cycle 300 being a latent cold
storage cycle of an integrated, engine-independent air
conditioner with a latent c¢old storage 31. In the
embodiment shown here, the air conditioner 1000, which is
based essentially on that shown in Figure 5, has in the
embodiment shown here a further component 34 which
advantageously is constructed as a liguid container with
filter. The 1liquid container 34 preferably i1s disposed
between the condenser 4 and the digtributing device 400.
Moreover, in addition to the device or pipe joint 500, a
bypass line 80 for the cycle medium 11 of the primary
cycle 100 with control equipment 81 is disposed between
the intake region of the compressing device, i.e. of the
compressor 1 and the region of the first inlet 1 of the
pipe joint 500. The control eguipment 81 advantageously
is constructed as a magnetic valve. Likewige, the control
equipment 81 may also be constructed as a differential
pressure valve. The mode of functioning and operating of
the inventive air conditioner 1000, in the embodiment
shown here, Dbasically corresponds to the mode of
operation shown in its essential points by means of the
examples in Figure 5, i.e. during the charging process of
the latent cold storage 31 over the heat exchanger or
evaporator 27 of the secondary cycle 200, the control
egquipment 81 1is closed, 1.e. cycle medium 11 of the
primary cycle 100 does not flow through the bypass line
80.
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However, with the bypass pipe 80 with the integrated
control eqﬁipment 81 described and ©present, the
possibility exists of operating the primary cycle 100
exclusively with maximum efficiency since, for this
purpose, the control equipment 81 ig opened and the cycle
medium 11 of the primary cycle 100 can no longer flow
over the pipe joint 500 to the compressing device, i.e.
the compressor 3, and instead flows directly over the
bypass pipe 80 to the compressor 3. It should be noted
that, for such a mode of operation of the inventive air
conditioner 1000, the magnetic valve 25 of the secondary
cycle 200 1s closed, i.e. cycle medium 22 does not flow
through the secondary cycle 200. Alternatively, as
already mentioned, the flow of cycle medium 11 through
the bypass pipe 80 could be made dependent on the
existing pressure. In this case, the control eguipment 81
is to be constructed as a differential pressure valve,
the pressure difference between the inlet and the outlet
of the differential pressure valve 81 Dbeing Xkept
constant. Preferably, the pressure difference ranges here
from 0.2 bar to 0.8 bar. |

It should be noted that the charging process of an
empty, i.e. thermal energy-containing latent cold storage
31 over the secondary cycle 200 is not critical with
respect to the danger of any icing of the evaporator 17
of the primary cycle 100 when the latter is operated in
parallel, since the charging process of the latent cold
storage 31 takes place at an evaporation Ltemperature
level of the evaporator 27 of the secondary cycle 200,
which corresponds to that of the evaporator 17 of the

primary «c¢ycle 100. Furthermore, the use of the
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refrigerant R134a as cycle medium is advantageously
preferred.

Aside from being able to operate cycles 100 and 200
continuously, a further advantage of the inventive air
conditioner 1000 with the useful c¢ycle 300, which can be
coupled, is that the system makes no undesirable noise.

In summarizing, it may be noted that an inventive
air conditioner 1000, so described and proposed; works
efficiently, is robust and has a high service 1life,

making a long product life cycle poséible.
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Claims

1. Air conditioner (1000}, especially for a vehicle, with
a primary cycle (100) and a secondary cycle (200), linked
in parallel thereto, as well as with at least one useful
cycle (300), which can be coupled to the secondary cycle
(200), at least one device (500) with at least two inlets
(1, 2) and one outlet (12) being provided for the fluid
mechanical linkage of the primary cycle (100) to the
gsecondary cycle (200), for which a c¢ycle medium (11},
flowing therein, 1s exposed to boundary conditions

different from that of another cycle medium (22), flowing

-therein in such a manner that the one cycle medium (11)

decreases the static pressure of the other cycle medium

(22) before the cycle media comes together.

2. The air conditioner (1000) of c¢laim 1, the dynamic

pressure of the other cycle medium (22) increasing.

3. The air conditioner ({1000} of c¢laims 1 or 2, the
device (500) being in the intake region of a compressing
device (3), which is common to the primary cycle (100)

and the secondary cycle (200).

4. The air conditioner (1000) of one of the preceding
claims, the secondary cycle (200) being connected with
the second inlet (2) of the device (500) and the other
cycle medium (22) flowing through the secondary cycle

(200) .

5. The air conditiconer (1000} of one of the preceding

claims, the useful cycle (300) being an integrated,
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engine-independent system with a latent cold storage

device (31).

6. The air conditioner (1000) of one of the preceding
claims, the device (500) being constructed as a tubular

pipe joint in an essentially T-shaped configuration.

7. The air conditioner (1000) of claim 6, the position of
the cross-sectional plane of the first inlet (i) making
an angle which ranges from 60° to 120°, preferably 90°,
with the position of the cross-sectional plane of the

second inlet (2).

8. The air conditioner (1000) of claims 6 or 7, the

tubular pipe joint (500) having a circular cross section.

9. The air conditioner (1000) of claim 8, the internal
diameter of the second inlet (2) being larger than the

internal diameter of the first inlet (1).

10, The alr conditioner (1000) of c¢laimg 8 or 9, the
internal diameter of the first inlet (1) ranging from 12
mm to 14 mm and the internal diameter of the second inlet

(2) ranging from 14 mm to 16 mm.

11. The air conditioner (1000) of one of the preceding
claims, the device (500) comprising a nozzle structure

{13) after first inlet (1)}.

12. The air conditioner (1000} of claim 11, the nozzle
structure (13) being constructed essentially in the form

of a Laval nozzle.
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13. The air conditioner (1000) of claims 11 or 12, the
nozzle structure (13} extending at least over the width

of a recess (20) for the gsecond inlet (2).

14. The air conditioner (1000) of one of the preceding
claims, the device (500) comprising a diffuser structure

{14) before the outlet (12).

15. The air conditioner (1000) of claim 14, the conical
angle (140} of the diffuser structure (14) to the

longitudinal axis of the diffuser structure (14) ranging

from 2° to 15° and preferably from 3° to 8°.

16. The air conditioner (1000} of claims 14 or 15, the
nozzle structure (13} and/or the diffuser structure (14)

being produced by an extrusion process.

17. The air conditioner (1000) of one of the claims 14 to
16, the second inlet (2) being consgtructed as a drawn

connecting sleeve.

18. The air conditioner (1000) of one of the claims 14 to
17, the nozzle structure (13), after the first inlet (1),

being positioned in a section of expanding cross section.

19. The air conditicner (1000) of one of the claims 14 to
18, at least one O-ring (60) being present on at least

one portion of the area of the nozzle structure (13).

20. The air conditioner (1000} of one of the claims 14 to

192, the nozzle structure (13} and the diffuser structure
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(14) being produced as separate components, at least one
spacer (18) Dbeing located between the nozzle structure

(13) and the diffuser structure (14),

21. The air conditioner (1000) of one of the claims 14 to-
19, the nozzle structure (13) being connected with the
pipe of the first inlet (111) over a clamping device (58,

58) with the device (500) and the pipes (221, 121) to the
second inlet (2) and to the outlet (12) being connected

with a positive material fit with the device {(500).

22. The air conditioner (1000) of one of the c¢laims 14 to
21, the nozzle structure (13) and/or the diffuser
structure (14) being introduced over the outlet (12) into

the device (500).

23, The air conditioner (1000) of claim 22, the diffuser
structure (14) being connected with the outlet (12} with
a frictional connection owing to the fact that the outlet

(12} has a cconical shape.

24, The air conditioner (1000} of one of the claims 14 to
23, the flow rate of the cycle medium through the
diffuser structure (14) ranging from 50 kg/h to 200 kg/h,

. n.rrlrz" .
the flow rate ratio R=—2Mw9% petween the primary cycle

n Isecwm’ary cyele

(100) and the secondary cycle (200} ranging from 0.4 to
0.8.

25. The air conditioner (1000) of one of the claims 3 to
24, a bypass pipe (80) with control equipment (81) being

provided in addition to the device (500) between the
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intake region of the compressing device (3) and the

region before the first inlet (1) of the device (500).

26. The air conditioner (1000) of claim 25, the control

eguipment (81) being constructed as a magnetic valve.

27. The air conditioner {1000} of claim 25, the control
equipment (81) being constructed as a differential

presgure valve.

28. The air conditioner (1000) of one of the preceding
claimg, the pressure difference between the outlet (12)

and the second inlet (2) of the other cycle medium (22).
being smaller by 0.2 bar to 1 bar than the pressure
difference between the outlet (12) and the first inlet

(1) of the one cycle medium (11).

29. The air conditioner (1000) of one of the preceding
claims, the device (500) being formed from a plastic,
preferably from polypropylene (PP), polyamide (PA),
polyphthalamide (PPA) or polyphenylene sulfide (PPS).

30. The air conditioner (1000) of one of the preceding
claims, the device (500) being constructed as an integral
component of the connecting region of a compressing

device (3).

31. A method for operating an air conditioner {1000),
especially for a vehicle, with a primary cycle (100) and
a secondary cycle {(200), linked in parallel thereto, as
well as with at least one useful cycle (300), which can

be coupled to the secondary cycle (200), at least one
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device (500) with at least two inlets (1, 2) and one
outlet (12) being provided for the £fluid mechanical
linkage of the primary cycle (100} to the secondary cycle
(200), for which a cycle medium (11), flowing therein, is
exposed to boundary conditions different from that of
another cycle medium (22), flowing therein, the one cycle
medium (11) decreasing the static pressure of the other

cycle medium (22) before the cycle media comes together.

32. The method for operating an air conditioner (1000) of
claim 31, the dynamic pressure of the other cycle medium

(22) being increased.
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