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(57) Abstract: An air conditioning system and method for vehicles consisting of coaches or cars (10, 12), which during their travel
& should pass closed spaces. The system utilizes energy accumulating media, e.g. ice stored in a vessel (16) deployed in a single
& dedicated location immediately within the vehicle. The system is provided with liquid circulating means, means for permanent
circulating liquid suitable for transfer of energy between the media and the air within the cars (19, 12). The system is provided with
means for heat exchange between the energy accumulating media and the liquid and with air handling units (32, 34, 36) mounted
within the passenger cars (10, 12). Each air-handling unit is capable upon supplying thereto the circulating liquid to transfer the

cooling or heating energy to the indoor air within the car.
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Air conditioning of vehicles

traveling through closed spaces

Background of the invention

1. Field of the invention

The present invention relates to air conditioning, more particularly to air conditioning
method and system suitable for use in trains of vehicles, which occasionally or
permanently travel in closed spaces.

The need for air conditioning (cooling and eventually heating) always exists in
vehicles like cars, coaches, wagons, trains and the like. This need becomes even more
acute for vehicles, which travel in closed spaces, such as tunnels and the like, and in
harsh climatic conditions where heat discharge and/or pollution is either limited or
prohibited.

The problem of providing moving vehicles with air conditioning systems stems from
the necessity to exhaust the reject heat aﬂd/or the pollution caused by the system. In
the case of vehicles moving in closed spaces the discharge of heat is in many cases
limited or impossible or may even be forbidden because the closed space is incapable
of absorbing it.

The present invention deals with air conditioning method and system suitable for
vehicles moving in closed spaces. By virtue of the present invention some of the air
conditioning takes place in the vehicles during predetermined times of several hours
and without any discharge of reject heat or pollution in the closed space. The present
invention can be implemented for example in underground trains (metro) or other
railway passenger cars. It should be understood, however that the invention is not
limited strictly to railway cars. The present invention is suitable for and can be
implemented in any other unmanned or passengers' cars, which travel through closed

spaces, e.g. subterranean passages or any other passages going through or under an

obstruction.
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A non-limited list of such vehicles includes undérground trains (metro), LRT (light

rail trains), APMs (automatic people movers), PRT (personal rapid transits), shuttle

transport systems, etc.

2. Description of the related art

When the reject heat emission into the closed space calls for ventilation of the closed
space, which is not acceptable or permitted or sufficient, cooling energy is required in
accordance with the local climatic conditions. These conditions do not allow, however
for a standard air conditioning system, which is conventionally provided with a
separate heat exchanger (condenser). Limitations associated with closed
environmental spaces, their geometric configuration, climatic conditions and travelh
time do not allow the use of conventional air conditioning.

Various solutions devised for cooling closed spaces, e.g. tunnels, through which trains
(vehicles) travel, have failed due to the required large capacity of air conditioning
and/or the large amount of ventilation required in order to operate efficiently the air
conditioning systems working in the closed spaces (trains’ surrounding).

On the other hand, ice has been used for decades to refrigerate cool spaces and food
and is still widely used. Refrigeration by means of ice depends upon either natural or
forced circulation of air. The circulating air passes around blocks of ice and some of
the heat of the circulating air is transferred to the ice, thus cooling the air.

In modern air conditioning technology ice is used in so called thermal energy storage
applications, in which cooling energy is stored by virtue of cooling, heating, melting
or solidifying of a material. This energy becomes available as heat when the process is
reversed. The thermal energy storage approach is widely used for air conditioning in
buildings. The known thermal energy storage systems function by chilling, freezing
phase-change materials, or making ice in an insulated tank during evening, night or
morning hours. The stored cooling energy is then used for space conditioning during
the day hours. .

Attempts to utilize ice for air conditioning in vehicles are also known.

For example, US 1972912 assigned to Anderson, describes a method and an apparatus
for air conditioning, in which water for cooling air is brought in direct contact with a

body of ice. The invention is suggested for use in railway cars, in which a receptacle
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for ice is installed on the wagon’s roof (or underJ ﬂe floor), and ice supply may be
replenished from an elevated platform when the train stops at a station. The other parts
of the air conditioning system, which include the cooling and the circulating system,
are placed below the floor of the vehicle. The aim of this invention is to avoid using a
refrigeration apparatus, which in many instances is expensive to install and maintain.
It is believed that this invention would be useful for conditioning air in railway cars
during extended stops. It can be readily appreciated that installing a receptacle on the
roof of each wagon, whose dimensions should be sufficient for storing the required
amount of ice, considerably increases the wagon’s height and even might preclude
passing of such a railway car through the existing tunnels. On the other hand the space
under the wagon is limited and technically problematic. Furthermore, a special
elevated platform would be required for the replenishment. Furthermore, Anderson’s
invention uses ice water for cooling air (direct water/air heat exchanger). At certain
temperatures this might cause a rise in the air relative humidity. |

Handling the cooling media in every wagon renders the Anderson’s invention
inefficient, time and labor consuming and requires complex adaptation to the station
supply.

A further attempt to employ ice for air conditioning in railway cars can be found in
US 2020093, which is assigned to the same inventor. In this invention, which seeks to
improve the previous one, an air-conditioning apparatus is installed in each wagon.
The apparatus comprises a sump or bin to contain ice, which is located on the under
side and at about the longitudinal center of the wagon. The apparatus also comprises
means for moving flowing water through and around the ice in the bin. The apparatus
further comprises an air-cooling unit with cooling means for conditioning the air
passing through the cooling unit and for circulating water from the bin to the cooling
means. The disadvantage of this solution stems from the limited space available for
the bin. Asa resﬁlt, the amount of stored ice is limited a priori.

Furthermore, the cooling energy is supplied separately to each car and to each heat
exchanger, and thus air conditioning depends on the different air conditioning demand
for cooling in each car and in each part of each car. Thus it is not cost effective
{(because no uniform use of ice at all cars).

Furthermore, such an arrangement requires a separate pump in each heat exchanger.
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Handling the cooling media in every car renders tiie Anderson’s invention inefficient,
time and labor consuming and requires complex adaptation to the station supply.

It should also be mentioned that the above-described systems, installed in each wagon,
require compulsory replenishing of ice during stops, since neither of them enables
autonomous ice making during the travel. One could presume that none of these
solutions provides air conditioning system suitable for trains moving in long closed
spaces.

Another solution based on using ice in railway cars can be found in JP 1256773
assigned to NKK Corp. This solution is intended for cooling subways- without
discharging heat from the vehicles in tunnels or at platforms. According to this
solution a freezing unit and a sherbet-like ice-making machine is provided, which
operates by using night electric power to convert a fusion latent heat storage agent into
a sherbet-like cold latent heat storage agent. The produced latent heat cooling storage
agent is stored as slurry that contains only 50% ice in a central storage tank from
which it is pumped into individual cold storage tanks installed in each car. The agent
is pumped into the individual storage tanks in each car in parallel through the line
connected to the rear car of the train, before operating the train. The cars are also
equipped with individual indoor blowers, heat exchangers and slurry pumps. During
travel pumps circulate the cold slurry through heat exchangers to cool air circulated by
the blowers. The cold air cools the cars’ interior without affecting the thermal
environment in tunnels and platforms. .

Thus in this system a dedicated cooling agent in the form of slurry is used and the
source of the cooling agent is located outside the vehicle at a dedicated station. The
cooling agent is available for replenishment when the car stops at this station. The
cooling agent is pumped to a heat exchanger provided in each car. The slurry
circulates all the time through heat exchangers when the train travels and cools the air
directly. ‘

The disadvantage of this solution stems from the inability to produce ice
autonomously within the vehicle. Furthermore, this cooling system requires relatively
sophisticated means to produce fluid ice slurry and is not suitable for use of ready-
made, commercially available ice cubes, pellets, flakes etc. The ice slurry is to be

stored within a vessel, which is located at a dedicated station and in order to replenish
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the shury the station must be approached by ﬂ;e rear car of the train. A further
disadvantage of the cooling system described in this patent lies in the fact that it is
designed to circulate the slurry through heat exchangers so as to cool the air directly
and not by means of circulating water. Ice shurry contains a lot of water in addition to
the ice (usually more than 50%), which hardly contribute cooling energy for the air
conditioning. Due to this reason the required amount of ice slurry might be more than
double in comparison to ice in particulate form. This renders the ice slurry consuming
system less efficient.

Furthermore, the cooling energy is supplied separately to each car and to each heat
exchanger, and thus air conditioning depends on the different air conditioning demand
for cooling in each car and in each part of each car. Thus it is not cost effective
(because no uniform use of ice at all cars).

Furthermore, such an arrangement requires a separate slurry pump in each heat
exchanger.

Handling the cooling media in every wagon renders the NKK Corp. invention
inefficient, heavy weight, time and labor consuming and requires complex adaptation
to the station supply.

A further solution for air conditioning of underground tube trains has been devised
recently. This solution is described in GB 2394034 assigned to Stratford. According to
his invention each coach of the train is provided with the air conditioning system,
which uses spherical pellets of ice held in an icebox, through which air for indoor
cooling passes. Altogether eight boxes with ice are distributed in each coach. The ice
is replenished at each station by delivering it to the box through a common pipe loop
in a carrier flow of water from the front end of the platform. Air from inside the
railway coaches is cooled when it passes through ice pellets contained in each box.
Unfortunately this air conditioning system suffers from the same disadvantages, which
have been alread*_‘y mentioned, i.e. it does not allow autonomous production of ice for
replenishment, installing ice-making equipment at each station for producing ice and
it utilizes direct heat exchange between the cooling energy accumulating media and
air. The cooling media is stored at each heat exchanger at several units in each car.
Furthermore, the cooling energy is supplied separately to each car and to each heat

exchanger, and thus air conditioning depends on the different air conditioning demand
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for cooling in each car and in each part of ea;:h car. Thus it is not cost effective
(because no uniform use of ice at all cars).

Handling the cooling media in every wagon renders the Stfatford’s invention
inefficient, time and labor consuming and requires complex adaptation to the station
supply.

Thus, despite the fact that numerous solutions employing ice have been devised for air
conditioning in general and for air conditioning of vehicles moving in closed spaces in
particular, nevertheless there still is a need for a new air conditioning method and
system, which does not increase the heat load in the surrounding closed space.

The present invention suggests a solution for air conditioning systems that does not
reject heat to the closed surrounding of moving vehicles in closed spaces and which,
at the same time is simple, inexpensive, convenient in operation and maintenance,

efficient, reliable and environmentally friendly.

3. Obijects of the invention

The object of the present invention is to.provide a new and improved method and
system for air conditioning in vehicles. It outweighs the drawbacks of the existing
methods and systems.

In particular, the main objective of the invention is to provide a new and improved
method and system, which is suitable for air conditioging of trains with many cars
traveling through closed spaces.

A further objective of the invention is to provide such a method and system, which is
based on utilizing cooling energy stored by phase transformation media, e.g. ice.

Yet another objective of the invention is to provide a method and system for air
conditioning, which is capable of accumulating and storing a sufficient amount of
cooling energy in one (or more) dedicated cars of a train so as to supply the cooling
energy to all cars when they travel either through closed or open spaces during a
whole day.

Another objective of the invention is to provide a new method and system for air
conditioning of e.g. railroad cars, which allows the supply of cooling energy to all cars

of a train simultaneously, irrespective of whether the demand of the cooling energy in
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different cars is uniform or not and thus allows a more efficient use of all the stored
ice despite the different demand of cooling media energy in different cars.

Another objective of the invention is to provide a new method and system for air
conditioning, in which the phase transformation media is replenished at a static
location, where only the cooling energy storing car should be retained.

A further objective of the invention is to provide such a method and system for air
conditioning, in which cooling energy is supplied from the phase transformation
media to cooling water and then from cooling water to indoor air, wherein the cooling
water is circulating through all the cars by means of a conventional circulating system.
Another objective of the invention is to provide a new method and system for air
conditioning, which is capable of supplying indoor cooled fresh air to cars in a cost
effective way and at the same time enables the use of a “once-through” cycle (total
fresh air),, which might be especially important for crowded trains.

A still further objective of the invention is to provide a new method and system for air
conditioning, which is suitable for heating as well.

Yet another objective of the invention is to.provide a new method and system for air
conditioning, which enables the use of prefabricated phase transformation media, e.g.
commercially available prefabricated ice pellets, flakes, spheres or cubes or the use of
commercially available equipment for fabricating such phase transformation media.
And still further objective of the invention is to provide a method and system for air
conditioning, which enables accumulating stored cooling energy onboard trains
(vehicles) by using commercially available phase transformation media energy storage

equipment, which uses as energy storage.

4. Summary of the invention

The present invention suggests a solution, which is based on generation and
accumulation of heating or cooling energy by an energy accumulating media such as
ice or other phase transformation substances, e.g. eutectic mixtures or liquids, whose
energy is supplied to the air conditioned space (passengers' compartments) from the
dedicated car/coach during traveling of the vehicle and whose energy is replenished
when the vehicle stops (or moves in open space). The car/coach, which is dedicated

for storing the accumulating media, is connected to the other cars of the train or the
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like, so that it is towed or pushed by it andl'the cooling/heating energy can be
circulated through the other cars of the train. When the energy accumulating media is
exhausted, i.e. when the ice has melted partially or entirely during the travel, it is
recharged and replaced by the fresh energy accumulating media.
As soon as the energy accumulating media is loaded or charged onto the dedicated car,
and the dedicated car is connected to the other cars/coaches, the air-conditioned
vehicle can be put into motion again and its controlled heat-exchange system is
operating to maintain the desired temperature. The air conditioning of the cars
includes air-handling units to control the temperature of the air-conditioned space.
The dedicated car for storing the accumulated cooling/heating energy can be charged
off line and/or be replaced by another dedicated car pre-charged at a station or depot.
The accumulated energy is transferred from the dedicated car to the other cars by heat
exchanger(s) fed by liquid circulating pump(s). The cooling/heating energy supply is
temperature controlled.
The energy accumulating media in different forms can be loaded onto the dedicated
car, .g.:

A. Loading (pouring) of ice (or hot water) or other eutectic substances onto the

dedicated car.

B. Loading (pouring) of frozen or hot energy accumulating media encapsulated in
small containers.
C. Recharging the energy accumulating media in th,e dedicated car to recharge the
energy a;:cumulating media that has been consumed.
The present invention has only been summarized briefly.
For a better understanding of additional embodiments of the invention as well of its

advantages, reference will now be made by the following description with reference to

the accompanying drawings.
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Brief description of the drawings
FIG. 1 shows the air conditioning system according to the first embodiment of the
invention, which utilizes energy accumulating media as per option A and B.
FIG. 2 shows the air conditioning system according fo the second embodiment of the

invention, which utilizes energy accumulating media as per option C.

Detailed description of the invention

Fig. 1 shows the first embodiment of the air conditioning system installed in a
vehicle, which comprises for example a train of connected railway carriages. The
train comprises cars or coaches 10,12 and a driver compartment in the front car 14.
The air conditioning system of the invention is intended primarily for those trains,
which travel through closed spaces, e.g. tunnels. For the sake of illustration the
vehicle depicted in Fig. 1 is a railway car traveling through a closed space, e.g.
tunnel. Within a dedicated location on the train, for example in the front car, is
mounted a storage vessel or tank 16, which is used for storing media for
accumulating the heating or cooling energy to be supplied to the other components of
the air conditioning system as will be explained below. The vessel walls are
provided with suitable insulation (see dashed line) to prevent dissipation of the
accumulating energy into the atmosphere. It is advantageous if ice in the form of
ready-made granules, cubes, spheres, pellets, flakes 61' other particles is used as
energy accumulating media for cooling. The further description will refer to the use
of ice as energy accumulating media suitable for cooling. It should be understood,
however, that suitable energy accumulating media could be used also for heating.

The capacity of the storage vessel should be large enough to contain such amount of
ice, which is sufficient for cooling the whole train for a day cycle when it travels
through closed spaces without the necessity to replenish the media. Connected to the
bottom part of the vessel, a draining line 18 is provided. A valve 20 closes this line
and reopens it when it is required to drain water produced during the melting of the
ice. The water obtained from the melted ice can be reused to produce fresh ice, The
ice could be loaded through an opening made in the upper part of the storage vessel

and closed by a cover 22.
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A pipe-line 24 is provided, with one end submeréed in the water or connected to a
coil (not shown) located within the storage vessel and surrounded by the particles of
ice and water. The other end of the line 24 is in fluid communication with a plurality
of separate heat exchangers 26,28,30 belonging to corresponding air handling units
32,34,36 installed in the cars, At least one pump 38 is installed in line 24 for
circulating water through line 24 and through heat exchangers. A return line 40 is
provided for returning water to the storage vessel. Each air- handling unit is provided
with a corresponding fan 42,44,46, which takes air from the car or from the
surrounding tunnel or from both, blows it through the respective heat exchanger and
supplies cooled air to the car. Line 24 and line 40 are connected in parallel to each
heat exchanger, to allow permanent provision of circulating cooling water through
the heat exchangers and by virtue of this provision transfer of cooling energy from
the ice stored in the vessel to the air in the cars. This energy transfer might take place
as long as the energy accumulating media is available and regardless of whether the
vehicle travels or stops at a station. Furthermore, since the cooling water is supplied
to air bandling units simultaneously, melting of ice in the storage tank does not
depend on whether the air handling units in different cars consume cooling energy
uniformly or not.
The temperature in the cars is controlled in the conventional way used for
commercial air handling units, i.e. by means of thermostats and 3-directional valves
(not shown). Humidity may also be controlled (if requi;ed), e.g. by mixing of fresh
air (taken from the surrounding) with the indoor air circulating in the cars.
Thus the air conditioning system of the present invention comprises the following
main components:

- A storage vessel for storing energy accumulating media in the vehicle itself,

- A liquid circulating means, enabling the circulation of cooling/heating liquid

between the storage vessel and the cars,
- A means for heat exchange between the energy accumulating media within
the storage vessel and cooling/heating liquid,
- A plurality of separate air handling units, which are connected in parallel to

the cooling/heating liquid circulating means, in ordet to enable transfer of

PCT/IL2004/000722
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heating or cooling energy from the cooling/heating liquid to the air supplied
to the cars.
In addition to the above main components the system of the invention might
comprise
- A secondary low temperature liquid cooling unit (or heating unit) to produce
cooling (or heating) energy (in open spaces) for storing in the storage vessel.
For the sake of brevity it is not shown specifically yet it should however be
appreciated, that appropriate control means are also provided for controlling cold-
water intake, fresh air intake, measuring of temperature in the cars etc. The
appropriate instrumentation and electrical connections between the control means and
components of the system are not shown since they are common and should be
obvious for one skilled in the art.
It can be appreciated that during the operation of the air conditioning system of the
present invention discharge and/or pollution of reject heat is excluded as would be
required for vehicles traveling through closed spaces.
By virtue of locating the whole energy accumulating media within a dedicated
location in the vehicle (and not outside the vehicle or in each car as in prior art
solutions) it could be easily replaced without the necessity to bring the rest of the cars
into the depot. Replenishment of the energy accumulating media can be carried out
easily, conveniently and fast when the car with the storage vessel(s) stays at a station
or in the depot. If ice is used as energy accumulating media, it can be loaded into a
vessel in the form of commercially available, ready-made ice particles, while water
(from the melted ice) could be discharged for reuse for producing of fresh ice.
It might be advantageous to provide the car carrying the storage vessel(s) with an
optional cooling unit 48, which uses an alternative conventional source of cooling or
heating energy, e.g. a low temperature liquid chilling unit. This unit could be operated
when the vehicle travels through open spaces or is parking in a depot or at an open
stétion where the heat discharge to the atmosphere is not a problem.
Now with reference to Fig.2, a further embodiment of the air conditioning system
would be explained. In this embodiment the system also comprises a media storage
ve_ssel located within a dedicated location on the car, water circulating means, a means

for heat exchange and plurality of air handling units. However, in contrast to the
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previous embodiment, ice is not charged in the storage vessel in the form of ready-
made particles. In the air conditioning System according to the second embodiment
liquid energy accumulating media is used instead of prefabricated ice in discrete form.
This liquid media is produced by the use of a secondary cooling system provided
outside the car at a station or depot. It should be appreciated that such a secondary
cooling system could be installed also onboard the vehicle in a dedicated car(s). This
system can be activated either when the entire vehicle is out of a closed space, or stops
at a station/depot or when only the dedicated car is retained at the station or depot.

It is seen in Fig.2 that similarly to the previous embodiment in the cars 10,12 of the
vehicle separate air handling units 32,34,36, are installed, each having corresponding
heat exchanger 26,28,30 and fan 42,44,46. The heat exchangers are connected in
parallel with line 24, which supplies cooling media, such as water or glycol mixture or
another low temperature fluid and return pipe-line 40 is also provided for returning
coolant. Pump 38 is provided for circulating the cooling water (coolant) through lines

24,40. It is seen also that within the dedicated car two storage vessels 50 are-provided, -

) M“éacﬁl;é.iiﬁ;g e'qﬁiﬁpjéd with a coil 52 in which cooling water flows and proceeds to line

24 and returns from line 40. The two storage vessels are shown in Fig.2 only as an
example. It should be appreciated that in accordance with the invention at least one
storage vessel or more than two storage vessels could be provided.

Both storage vessels are connected through a common line 54 to a secondary cooling
system (not shown), which produces liquid cooling media supplied to the vessels by a
pump 56. The cooling media is discharged from the vessels by line 58. As an example
of a suitable secondary cooling system one can mention a so-called off-peak cooling
system, which utilizes thermal energy storage approach to air condition buildings. In
this system, cooling energy is accumulated by a suitable liquid, stored within a tank, in
which a suitable coil can be submerged,(or other means for heat exchanging) through
which the cooling media of the secondary system is flowing.

It can be appreciated that functioning of the air conditioning system remains the same
regardless of whether it uses cooling energy of prefabricated solid ice or cooling
energy of locally made ice from a cooling energy supplied by a low temperature

chilling unit. Optional cooling system 48 on board the vehicle, which has been
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already mentioned in connection with the first embodiment, can be employed in the
second embodiment as well.

It should be appreciated that the present invention is not limited by the above-
described embodiments and that one ordinarily skilled in the art can make changes
and modifications without deviating from the scope of the invention as will be defined
below in the appended claims.

For example, suitable energy accumulating media may comprise any phase-change
materials either in liquid or in solid form, being either encapsulated in specialized
containers such as tubes, shallow panels, spheres, plastic bags, etc, or be a free media
intended for direct contact.

The air conditioning system of the present invention can function not only for cooling
air but also for heating air in the cars. For this purpose instead of ice, or instead of
liquid cooling media one can use hot water stored within the vessel.

Depending on the required amount of the energy accumulating media the storage
vessel can be located in a more than one dedicated location within one or more cars.
The storage vessel can occupy the entire dedicated car(s), or occupy a compartment of
the passenger car or the car in which the driver’s cabin is located.

The energy accumulating media can be stored within one or more vessels for storing
ice or storing any other energy accumulating eutectic media.

In the following claims the term comprising means “including but not limited to™.

It should also be appreciated that features disclosed in the foregoing description,
and/or in the foregoing drawings, and/or examples, and/or tables, and/or following
claims both separately and in any combination thereof are material for realizing the

present invention in diverse forms thereof.
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Claims
1. A method for air conditioning of a vehicle, said vehicle comprising a connected line
of passenger coaches or cars, which during their travel should occasionally or
permanently pass at least one closed space, like tunnel, subterranean passage or any
other passage going through or under an obstruction, said method comprising:

- Deploying in at least one dedicated location situated immediately within the
vehicle of at least one storage vessel for storing energy accumulating media
capable to release cooling or heating energy,

- Circulation of a liquid between the storage vessel and the cars, said liquid is
suitable for energy transfer between the energy accumulating media and the air
in the vehicle.

- Providing heat or cooling exchange between the energy accumulating media
and the liquid to submit thereto the cooling or heating energy releasable by the
energy accumulating media,

- VProviding"ﬂvrvithin the passenger cars of at least one air handling unit and
supplying thereto the circulating liquid so as to transfer the cooling or heating
energy to the air within the cars.

2. The method for air conditioning as defined in claim 1, in which said dedicated
location is arranged within at least one dedicated car.

3. The method for air conditioning as defined in claim 1, in which said dedicated
location is arranged within at least one passenger car.

4. The method for air conditioning as defined in claim 1, in which said liquid
circulates, between the storage vessel and the passenger cars.

5. The method for air conditioning as defined in claim 1 in which said liquid is water
with or without additives and said liquid is circulated by a conventional pump and is
supplied simultaneously to all passenger cars.

6. The method for air conditioning as defined in claim 1, in which said energy
accumulating media comprises phase-change material being either in liquid or in solid
form, being either encapsulated in specialized containers or not encapsulated.

7. The method for air conditioning as defined in claim 6, in which said energy

accumulating media is ice.
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8 The method for air conditioning as defined in claim 7, in which said energy
accumulating media is a pre-fabricated ice in the form of discrete particles.

9. The method for conditioning as defined in claim 6, in which said energy
accumulating media is a liquid.

10. The method for air conditioning as defined in claim 2, in which for replenishing
the energy accumulating media only the dedicated car is retained at an open station, or
in a depot.

11. A system for air conditioning of a vehicle, said vehicle comprising a connected line
of passenger coaches or cars, which during their travel should occasionally or
permanently pass at least one closed space, like tunnel, subterranean passage or any
other passage going through or under an obstruction, said system comprising:

- At least one storage vessel for storing energy accumulating media capable to
release cooling or heating energy said vessel is deployed in at least one
dedicated location immediately within the vehicle,

- A liquid circulating means, enabling circulation of a liquid, which is suitable
for éﬁéfgy tranisfer between iﬁé'ehergy‘accun{uiatmg media and the air in the
vehicle,

- A means for heat exchange between the energy accumulating media and the
liquid,

- At least one air handling unit mounted within the passenger cars, said unit is
capable upon supplying thereto the liquid to transfer the cooling or heating
energy to the air within the cars.

12. The system as defined in claim 11, in which the liquid circulating means
comprises at least a supply line, a return line and at least one pump.

13. The system as defined in claim 12, in which said, at least one air handling unit
comprises a heat-exchanger and a fan, wherein heat-exchanger of each air handling
unit is connected in parallel to the supply line and to the return line.

14. The system as defined in claim 11, in which said dedicated location is arranged
within at least one dedicated car.

15. The system as defined in claim 11, in which said dedicated location is arranged

within at least one passenger car.
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16. The system as defined in claim 11, in which said energy accumulating media
comprises phase-change material being either in liquid or in solid form, being either
encapsulated in specialized containers or not encapsulated.

17. The system as defined in claim 16, in which said energy accumulating media is ice.
18: The system as defined in claim 17, in which said energy accumulating media is a
pre-fabricated ice in the form of discrete particles.

19. The system as defined in claim 16, in which said energy accumulating media is a
liguid.

20. The air conditioning system as defined in claim 11, in which the said storage vessel
is connectable to a secondary cooling system capable of producing a cooling liquid,
supplying the fresh cooling liquid to the storage vessel and discharging exhausted

liquid from the storage vessel.
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