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Adsorption Thermal Compressor Technology and Apparatuses

The subject of this patent an adsorption technology, which operates with the omission
of water and water mixtures as adsorbate-refrigerant, and the apparatuses called Adsorption
Thermal Compressor, which are designed and produced to operate based upon this
technology. This is a technology, which produces cold output energy/power from the input
heat energy without any additional energy. The main difference between this technology and
the currently known regular adsorption technology is that the new technology does not use
water or water mixtures as adsorbate-refrigerant for the process and does not operate under
high vacuum. Furthermore, subjects of the patent are the apparatuses, which are designed and

produced to operate based upon this technology.

Any area, where cooling energy/power has to be produced from heat energy without
using any additional energy are to be viewed as areas of application for this technology. The
areas of application for this patent include all areas where apparatuses can be designed and
produced for the production of cold energy/power through using heat energy without any

additional energy.

In today’s world cooling systems work with compressors, operated by electrical
motors. The technology of absorption and the apparatuses, which are designed and produced
to operate based upon the technology, are generally and widely used. Furthermore, there is the

technology of adsorption and the apparatuses based upon the technology.

Background of the invention

The problems with the current levels of technology:

According to the current level of technology, compressors need electric energy for |

their operation.

The problems of the absorption technology are to be discussed separately as there are

two widely used procedures. In this technology one of the procedures is using a mixture of
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water-ammonia and the other one uses a mixture of Li-Br-water. The problem with the water-
ammonia mixture is that it is dangerous because it uses ammonia. The procedure operates
under pressure, and the ammonia is dangerous to humans and the environment. Furthermore,
a distillation-tower is necessary for the purification of ammonia from the water-ammonia
mixture. The usage of distillation-tower is unstable because it requires a stable heat source.
The technology, which uses Li-Br-water mixture, has the problem that Li-Br is corrosive. Li-
Br is at danger of crystallization under several operating conditions, such as input temperature
lower than 80°C, so the input heat energy’s temperature needs to be at least 85°C. Because of
this crystallization problem the machine should be shut down out of operating condition. The
Li-Br should be replaced regularly, because the Li-Br will not work properly after several
years of operation. Li-Br is a material, which cannot be disposed of in large quantities. As the
apparatus operates with using water as refrigerant, it operates under high vacuum. To re-cool

the material, a cooling tower is necessary.

According to the current level of technology, the adsorption technology is the one with
the least problems. The benefits of the technology include the facts that there is no
crystallization in the process because of the materials used, which means that there is no.
necessity to maintain the temperature of 85°C for the input heat. The apparatus does not use
any kind of materials dangerous to humans or the environment. The problem with the regular
adsorption technology is that it operates under high vacuum. This means that the operation
under high vacuum brings up many problems. Hence the apparatus operates under high
vacuum, the volume of the adsorbate-refrigerant is big, and therefore the handling of the
adsorbate-refrigerant is difficult. This is the reason why current adsorption apparatuses need
to be made as a one big body full-integrated machine. A further problem is that to secure the

operation, large size cooling-towers are necessary.

The goal is the development of an adsorption technology and the apparatuses of a
chilling machine that operate based upon the technology, which do not operate under high
vacuum, therefore the volume of the adsorbate-refrigerant is not big and can be easily
handled, so each apparatus can be separated into compressors, evaporators and condensers
and so on connected through a piping system. Since the operating pressure is not vacuum, the
heat exchange rate of the apparatuses will be increased, at the same time decreasing the size
of the apparatus. A further goal is that the technology and the apparatuses, which are designed

and produced to operate, based upon this technology do not utilize materials dangerous to
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humans or the environment. Another goal is that large size cooling-towers should not be

necessary.

The technology and the apparatus, which are designed and produced to operate based
upon the technology described in this patent uses the under described naturally found gases as

adsorbate-refrigerants, which do not need high vacuum to be condensed.

Adsorbate-refrigerants can be primarily but not exclusively, every hydrocarbon gas,
including but not exclusively propane, propylene and among others butane and methane.
Adsorbents can be among others, but not exclusively natural and artificial silica gel, zeolite

and activated carbon.

The proving calculations of a general case of the technology, which we calculate for 3.5 kW
cooling capacity, we use the currently to us known best adsorbent, the natural silica gel, and
the best adsorbate-reﬁigerant the propane. The calculations are made for the case of two ATC

heat exchangers operating simultaneously in opposite cycles.

See the Propane Pressure Enthalpy Diagram in Drawing 1 for the understanding of the

above calculation.

See the Process Function drawings of Drawing 3 for the understanding of the
technology and the apparatuses, which are designed and produced to operate based upon this

technology.

For the understanding of the calculation, see the Process Function Description in Drawing 3 is

necessary.

This calculation explains the case of 15°C evaporation, 40°C condensation and 200°C
regeneration temperature for propane. The cycle time is 4 minutes. Naturally, the results of
the calculation change with the alterations of the baseline data or the adsorbent and adsorbate-

refrigerant.

The calculations proving the process function of the technology in an general case,

which we calculate for 3.5 kW cooling capacity, we use the currently to us known best
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adsorbent, the natural silica gel, and the best adsorbate-refrigerant the propane, are the

following:

Using propane in the adsorption process, the capacity of the silica gel is the

following:

The condensation température of propane is 40°C. It regenerates at the temperature of 200°C.
In this case the partial pressure ratio of the propane is 0.986. This you can see the Silica Gel
and Propane Isotherm Diagram in Drawing 1. Under such conditions, 1g of silica gel contains
0.05ml of propane. The evaporating temperature of propane is 15°C and the cooling
temperature of silica gel is 40°C. In this case the partial pressure ratio of the propane is
0.5346. You can see that under these conditions 1 g silica gel adsorbs 0.38ml of propane from
the Silica Gel and Propane Isotherm Diagram in Drawing 1. Therefore, the difference of these

two partial pressure ratios gives us the adsorption capacity of 1 g silica gel, which is 0.33ml.

The density of propane is 0.47kg/] at the temperature of 40°C hence 0.33ml of propane
weights 0.155g. Accordingly, 1kg of silica gel can adsorb 0.155kg of propane.

The cooling capacity of the propane

The enthalpy of the saturated liquid propane at 40°C condensation temperature is 150
kcal/kg, which can be seen in Drawing 2. The enthalpy of the saturated gaseous propane at
15°C evaporation temperature is 216.67 kcal/kg, which can be seen from the point marked

with 2, in Drawing 2. Accordingly, the cooling capacity of 1kg propane is 66.67 kcal/kg.

The required propane flow for 1TR in other words 3024kcal/hour cooling capacity,
can be calculated from dividing the 1TR cooling capacity by the cooling capacity of 1kg of
propane as 45.36kg/hour.

Using proper heat exchanger apparatus the silica gel adsorbs the propane for 4 minutes
and then gets saturated. In order to secure the continuity of the process it is necessary to
calculate the propane flow for 4 minutes, where we base the calculations on the flow
necessary to achieve 1TR propane’s cooling capacity, the propane flow is 3.023kg/4minutes.

In order to calculate the necessary silica gel quantity to achieve 1 TR cooling capacity, this
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propane flow for 4 min divided by the adsorption capacity of 1kg silica gel gives us the result
of 19.45kg.

System Function of the technology that is based upon Drawing 3

1.The ATC Heat Exchanger: where the Adsorption Thermal Compressor (ATC) is
mainly a two flow or three flow ATC Heat Exchanger #1, which can be made of any metal,
that can be used to produce a proper heat exchanger, including but not exclusively aluminum,
steel and stainless steel. The heat exchanger needs to be pressure resistant because in the flow
of the adsorber the pressure may exceed the pressure of 30bars. If the energy wished to

produce is lower than 0°C, this flow of the heat exchanger may operate under vacuum.

The heat exchanger operates in two or three flow sections, which are the following. One flow
is the adsorbate-refrigerant flow. The second flow is the flow of high temperature fluid. The
third flow is the flow of low temperature liquid or gas, cooling air. The technology can
operate with one or more heat exchangers. In the case, when the same fluid can transfer cold
and hot energy, it is sufficient to use two flow heat exchangers. The technology may operate

with one or more Adsorption Thermal Compressors.

2.Input Hot Heat Energy Heat exchanger or Direct Heat Energy, which heats up the high
temperature liquid or gas. The Input Hot Heat Energy Heat Exchanger can be made of
materials, which resist high temperature liquid and gas including but not exclusively stainless
steel, any fluid can be applied. The Input Hot Heat Exchanger is not essential it can be
replaced with direct liquid or gas heat energy.

3.Input Cold Energy Heat Exchanger, which is radiator with or without a ventilator,
cooling tower or Direct Cooling Energy. This cooling energy cools down the high
temperature liquid or gas. The Input Cold Heat Exchanger can be made of any metal that can
be used to produce a proper heat exchanger, including but not exclusively aluminum, steel or
stainless steel. The use of this heat exchanger is not essential it can be replaced with liquid or
gas in the case of using direct cold energy.

4.Switching Valve #1, switches the flow of the hot heat energy or the cold energy to the 1
ATC Heat Exchanger. This valve functions the same way as 5 switching valve #2.

5.Switching Valve #2 switches the flow of the hot heat energy or the cold heat energy to
the 1 ATC Heat Exchanger. This valve functions the same way as 4 switching valve #1.

6.Pump, which circulates high and the low temperature fluid. The 6 pump can be a canned

type pump, or it can be made of any material.
5
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7.Evaporator, which evaporates the liquid adsorbate-refrigerant and chills the fluid in the
evaporator. We use regular evaporators, or other special evaporators, which can be made of
mainly but not exclusively steel, aluminum or copper.

8.Accumulator tank, which eliminates excess liquid from the evaporator. Here we use
regular or special accumulator tanks, which are normally made of mainly but not exclusively
steel.

9.Condenser: is a special radiator or heat exchanger, which can be made of any metal, that
can be used to produce a proper radiator or heat exchanger, including but not exclusively
aluminum, steel and stainless steel. The condenser condenses the adsorbate-refrigerant from
the 1 ATC Heat Exchanger at the time of regeneration. This process can be done by the use of
cooling air, cooling air fans or cooling water. For the cooling of the condenser we can use an
additional fan or an additional heat exchanger.

10.Discharge Check Valve, which is located on the discharge line after the 1 ATC Two or
Three Flow Heat Exchanger. It is a normal check valve that operates in the refrigeration
technologies, which opens at 10mbar pressure difference in the case of using propane as
adsorbate-refrigerant.

11.Suction Check Valve, which is located on the suction line before the 1 ATC Two or
Three Flow Heat Exchanger. It is a normal check valve that operates in the refrigeration
technologies, which opens at 10mbar pressure in the case of applying propane as adsorbate-
refrigerant.

12.Liquid flow control, which can be the thermostatic Expansion Valve equipped with
thermostatic sensor or Electronic Expansion Valve equipped with electronic sensor or a
capillary tube. These components control the refrigerant flow to the evaporator using the
signal of the thermostatic or the electronic sensor, in the case of utilizing the capillary tube the

flow is fixed and not controlled.

The technology is based on general refrigeration and air conditioning systems. It is
similar to those systems, where this technology uses the 6 evaporator, the 8 accumulator tank,
and the 9 condenser, which function similar to the ones that operate in general refrigeration
and air conditioning systems. It is different from them, where it replaces the regular
compressor with the apparatus called adsorption thermal compressor, which is part of this

technology.
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The 1 ATC heat exchanger has two flow sides. One is the adsorbate-refrigerant flow

side and the other is the energy flow side.
The Function of the adsorbate-refrigerant flow side of the 1 ATC heat exchanger

1.) When there is cold energy in the other flow side of the 1 ATC heat
exchanger, the 9 suction Acheck valve is open and the 1 ATC heat exchanger sucks the
evaporated adsorbate-refrigerant from the evaporator through the accumulator tank. The
gaseous adsorbate-refrigerant is adsorbed by in the adsorbent packed between the fins of the
ATC heat exchanger. When the adsorbate heats up its cooling capacity drops, which is why in
order to maintain the cooling capacity it needs to be cooled. When the adsorbate-refrigerant
flow side gets saturated, the 10 suction check valve closes. The 10 suction check valve closes
automatically if the pressure drops below the necessary level.

2) When the adsorbent gets saturated, the 1 ATC heat exchanger receives hot heat
energy. Due to the hot heat energy the adsorbate-refrigerant gets discharged from the
adsorbent and the 11 discharge check valve opens. The 11 discharge check valve opens
automatically when the pressure is higher than the necessary level. The adsorbate-refrigerant
gets condensed in the 9 condenser. The 8 condenser discharges the heat energy over to the
atmosphere. When the adsorbate-refrigerant gets discharged due to the heating of the
adsorbent to the certain level of this regenerating condition, the 11 discharge check valve
closes. The 11 discharge check valve closes automatically when the pressure drops below the
necessary level.

3.) The condensed adsorbate-refrigerant flows from the bottom of the 9 condenser into
the 6 evaporator where it evaporates. From here, the evaporated adsorbate-refrigerant gets
into the 8 accumulator tank once again.

4.) The 12 liquid flow control regulates the adsorbate-refrigerant flow to the 7
evaporator, at the same time preventing that no liquid adsorbate-refrigerant gets into the 1

ATC heat exchanger, which is further secured by the 8 accumulator tank.
The Function of the energy flow side of the 1 ATC heat exchanger

1. The energy flow side of the ATC heat exchanger receives hot or cold energy at the
time of regeneration and adsorption respectively. The system function drawing shows the

simplest example, when the ATC heat exchanger is a two-flow heat exchanger and the same
7
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material transfers the hot and cold energy. There is a possibility of re-designing and

improving the energy flow side of the 1 ATC heat exchanger with other existing equipments,
but it is necessary that the apparatus always provides hot or cold energy at the time of
regeneration and adsorption respectively.

2. The 5 pump in the system function drawing circulates the energy flow in the energy
flow side of the ATC heat éxchanger. The system may require more of these pumps, but it is
also possible to omit it, if the energy has direct flow. |

3.The 4 and 5 switching valves assure that the energy flow side of the 1 ATC heat
exchanger receives hot or cold energy at the time of regeneration and adsorption. In the
system, depending on the quantity of the integrated equipments, more of these switching
valves may be installed if necessary.

4. The 2 hot heat energy heat exchanger and 3 cold energy heat exchanger transfer the
hot and cold energy to the energy side of the ATC heat exchanger. In the case of using direct

heat and/or cold energy these heat exchangers may be omitted.

The adsorption thermal compressor also referred to as ATC consists of one or more pieces of
ATC heat exchangers. In this case, the continuity of the operation can be assured by that the

different ATC heat exchangers operate in opposite cycles.

The apparatuses, which are produced, to operate based upon this technology can be
produced in one apparatus unit or more apparatus units. The size and capacity of the
adsorption thermal compressor apparatus according to the current level of technology can be
anything. The apparatusess can be produced for the small capacity necessity areas of the
electronic industry and the largest capacity necessity areas of power plants and such.
Therefore, according to the current level of technology the areas of application include but are
not exclusively the power plant inlet air cooling apparatuses, the chemical industry’s cooling
apparatuses, oil refinery plant cooling apparatuses including offshore plant, food industrial
cooling apparatuses especially for the beer and alcohol production, paper and pulp industrial
cooling apparatuses, cooling apparatuses for industrial production lines, constructional and
domestic cooling apparatuses with a solar energy source apparatuses, cooling apparatuses for
transportation vehicles and ships including air conditioning and turbo or other inlet air

cooling, including cold chain transportation and the vehicles’ and ships solar energy source,
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and the cooling apparatuses for the electric motors and cooling apparatuses for the electronic

industry.

The apparatuses are specially and uniquely produced, sized and made by taking the
area of application into account with the given technology and given apparatuses. While the
planning sizing and production of the apparatus, the proper adsorbent and adsorbate-
refrigerant, the maferials for the parts of the apparatus need to be determined by taking the

available warm energy and necessary cold energy into account.

The technology and the apparatuses, which are designed and produced to operate
based upon this technology, utilize the Earth’s and the Sun’s energy to cool by omitting any
additional energy, with exclusively harmless materials to humans and the environment. The
technology and the apparatuses, which are designed and produced to operate based upon this
technology can be applied at any area of application where industrial, transportation
apparatuses produce waste heat, and in the mean time cooling energy/power is necessary. The
technology means 10% of energy saving in the non-natural, otherwise industrial processes,
and saves 100% of energy in the cases where it uses the heat energy of the Earth or the Sun,
in any application area where cooling energy/power is necessary. Apparatuses, which are
designed and produced to operate, based upon this technology, can be applied to any area of

application where they use materials exclusively harmless to humans and the environment.
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Claims
Independent Claims

1. A cooling technology called adsorption thermal compressor can be characterized by
which it operates with the omission of water and water mixtures as adsorbate

refrigerant, not using high vacuum.

2. Apparatuses that are designed and produced based upon the adsorption cooling

technology can be characterized by which the areas of application are primarily using

temperature input heat without any additional energy to produce cold energy.
Dependent Claims

3. In reference to claim No.1 whereby the technology uses naturally found gases as

adsorbates, which do not need vacuum for the operation.

4. In reference to claim No.l whereby the adsorption process can be completed

without the use of high vacuum.

5. In reference to claim No.l whereby the adsorbates can be primarily but not
exclusively, every hydrocarbon gas, including but not exclusively propane, propylene

and among others butane and methane.

6. In reference to claim No.l1 whereby the adsorbents can be among others, but not

exclusively natural and artificial silica gel, zeolite and activated carbon.

7. In reference to claim No.1 whereby the proving calculations of the process function
can be completed with a number of appropriate materials that are described in the

patent.

8. In reference to claim No.l whereby the proving calculation of a general case of the
technology, for which we use the currently to us known best adsorbent, the natural
silica gel, and the best adsorbate the propane, which is calculated for 3.5 kW cooling
capacity, for the understanding of the calculation see the Propane Pressure Enthalpy

Diagram and drawing in Drawing 1 and the Process Function drawings of Drawing 3.

9. In reference to claim No.l whereby the calculation explains the case of 15°C
evaporation, 40°C condensation and 200°C regeneration temperature for propane

where the cycle time is 4 minutes.
210
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10. In reference to claim No.l whereby the condensed temperature of propane is
40°C, it regenerates at the temperature of 200°C, in this case the partial pressure ratio
of the propane is 0.986, which you can see the Silica Gel and Propane Isotherm

Diagram in Drawing 1.

11. In reference to claim No.l, whereby under the conditions given in the
calculations, 1g of silica gel contains 0.05ml propane, where the evaporating
temperature of the propane is 15°C and the cooling temperature of the silica gel is
40°C in this case the partial pressure ratio of the propane is 0.5346, and you can also
see that under these conditions 1 g silica gel adsorbs 0.38ml propane from the Silica

Gel and Propane Isotherm Diagram in Drawing 1.

12. In reference to claim No.1, whereby form the calculations the difference of these
two partial pressure ratios gives us the adsorption capacity of 1 g silica gel, which is
0.33ml.

13. In reference to claim 1, whereby at the temperature of 40°C the density of propane
liquid is 0.47kg/1, hence 0.33ml propane weights 0.155g accordingly, 1kg of silica gel
can adsorb 0.155kg of propane.

14. In reference to claim 1, whereby the enthalpy of the saturated liquid propane at
40°C condensation temperature is 150kcal/kg, and the enthalpy of the saturated
gaseous propane at 15°C evaporation temperature is 216.67kcal/kg, which can both be

seen in Drawing 2, accordingly, the cooling capacity of 1kg propane is 66.67kcal/kg.

15. In reference to claim 1, whereby the required propane flow for 1TR in other words
3024kcal/hour cooling capacity the necessary propane flow can be calculated from
dividing the 1TR cooling capacity by the cooling capacity of 1kg of propane
calculated as 45.36kg/hour.

16. In reference to claim 1, whereby using a proper heat exchanger apparatus the
silica gel adsorbs the propane for 4 minutes and then gets saturated, so in order to
secure the continuity of the process it is necessary to calculate the propane flow for 4
minutes, where we base the calculations on the flow necessary to achieve 1TR
propane’s cooling capacity, the propane flow is 3.023kg/4minutes. In order to

calculate the necessary silica gel to achieve 1 TR cooling capacity, this propane flow

11
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for 4min divided by the adsorption capacity of 1kg silica gel gives us the result of
19.45kg.

17. In reference to claim 1, whereby the process function description of the

technology was based upon the drawing in Drawing 3.

18. In reference to claims 1 and 2, whereby the ATC Heat Exchanger, Adsorption
Thermal Compressor is mainly a two flow or three flow Heat Exchanger #1, which
can be made of any metal, that can be used to produce a proper heat exchanger,
including but not exclusively aluminum, steel and stainless steel, where the heat
exchanger needs to be pressure resistant because in the flow of the adsorber the
pressure may exceed the pressure of 30bars, if the output energy wished to produce is

lower than 0°C, this flow of the heat exchanger may operate under vacuum.

19. In reference to claims 1 and 2, whereby the heat exchanger operates in two or
three flow sections, which are the following, one flow is the adsorbate refrigerant
flow, the second flow is the flow of high temperature fluid and the third flow is the

flow of low temperature liquid or gas, cooling air.

20. In reference to claims 1 and 2, whereby the technology can operate with one or
more ATC heat exchangers, when the cold and hot energy can be transferred by the
same fluid it is sufficient to use two flow heat exchangers, the technology may

operate with one or more Adsorption Thermal Compressors

21. In reference to claims 1 and 2, whereby the Input Hot Heat Energy Heat
exchanger or Direct Heat Energy heats up the high temperature liquid or gas, it can be
made of materials that resist high temperature liquid and gas including but not
exclusively stainless steel, any fluid can be applied, Heat Exchanger is not essential it

can be replaced with direct liquid or gas heat energy.

22. In reference to claims 1 and 2, whereby the Input Cold Energy Heat Exchanger,
which is radiator operating with or without a ventilator, cooling tower or Direct
Cooling Energy, cools down the high temperature liquid or gas, can be made of any
metal that can be used to produce a proper heat exchanger, including but not
exclusively aluminum, steel or stainless steel, but the use of this heat exchanger is not

essential it can be replaced with liquid or gas in the case of using direct cold energy.

12
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23. In reference to claims 1 and 2, whereby the Switching Valve #1, switches the flow
of the hot heat energy or the cold energy to the ATC Heat Exchanger, it functions the

same way as switching valve #2.

24, In reference to claims 1 and 2, whereby the Switching Valve #2 switches the flow
of the hot heat energy or the cold heat energy to the ATC Heat Exchanger. This valve
functions the same way as switching valve #1, if the ATC Heat Exchanger is a three
flow heat exchanger, the hot and cold flows can be switched and need to be equipped

with valves accordingly.

25. In reference to claims 1 and 2, whereby the pump circulates high and the low
temperature fluid. The pump can be a canned type pump, or it can be made of any

material.

26. In reference to claims 1 and 2, whereby the liquid adsorbate-refrigerant evaporates
and chills the fluid in the evaporator. We use regular evaporators, or other special
evaporators, which can be made of mainly but not exclusively steel, aluminum or

copper.

27. In reference to claims 1 and 2, whereby the accumulator tank eliminates excess
liquid from the evaporator, here we use regular or special accumulator tanks, which

are normally made of mainly but not exclusively steel.

28. In reference to claims 1 and 2, whereby the condenser may be a special radiator or
heat exchanger, which can be made of any metal, that can be used to produce a proper
radiator or heat exchanger, including but not exclusively aluminum, steel and stainless
steel, also this condenser condenses the adsorbate-refrigerant from the 1 ATC Heat
Exchanger at the time of regeneration, where said process can be done by the use of
cooling air, cooling air fané or cooling water, for the cooling of the condenser we can

use an additional fan or an additional heat exchanger.

29. In reference to claims 1 and 2, whereby the Discharge Check Valve is located on
the discharge line after the 1 ATC Two or Three Flow Heat Exchanger, this is a
normal check valve that operates in the refrigeration technologies, which opens at 10

mbar pressure difference in the case of using propane as adsorbate-refrigerant.
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30. In reference to claims 1 and 2, whereby the Suction Check Valve is located on the
suction line before the 1 ATC Two or Three Flow Heat Exchanger, this is a normal
check valve that operates in the refrigeration technologies, which opens at 10 mbar

pressure in the case of applying propane as adsorbate-refrigerant.

31. In reference to claims 1 and 2, whereby the Liquid flow control consisting of
either a thermostatic Expansion Valve equipped with thermostatic sensor or
Electronic Expansion Valve equipped with electronic sensor or a Capillary Tube,
these components control the refrigerant flow to the evaporator using the signal of the
thermostatic or the electronic sensor, in the case of utilizing the capillary tube the

flow is fixed and not controlled.

32. In reference to claims 1 and 2, whereby they use the evaporator, the accumulator

tank and the condenser used in general refrigeration and air conditioning systems.

33. In reference to claims 1 and 2, whereby they replace the regular compressor with
the apparatus called Adsorption Thermal Compressor, which is part of this
technology.

34. In reference to claims 1 and 2, whereby the 1 ATC heat exchanger has two flow

sides, one is the adsorbate-refrigerant flow side and the other is the energy flow side

35. In reference to claims 1 and 2, whereby when there is cold energy in the other
flow side of the 1 ATC heat exchanger, the suction check valve is open and the ATC
heat exchanger is sucks the evaporated adsorbate-refrigerant from the evaporator
through the accumulator tank, which is adsorbed by in the adsorbent packed between
the fins of the ATC heat exchanger.

36. In reference to claims 1 and 2, whereby when the ATC heat exchanger is
regenerating the adsorbate heats up, its cooling capacity drops, which is why in order
to maintain the cooling capacity it needs to be cooled, also when the adsorbate-
refrigerant flow side gets saturated, the suction check valve closes automatically if the

pressure drops below the necessary level.

37. In reference to claims 1 and 2, whereby when the adsorbent gets saturated, the 1
ATC heat exchanger receives hot heat energy. Due to the hot heat energy the

adsorbate-refrigerant gets discharged from the adsorbent and the discharge check
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valve opens automatically when the pressure is higher than the necessary level, then
the adsorbate gets condensed in the 8 condenser, which discharges the heat energy to
the atmosphere, when the adsorbate gets discharged due to the heating of the
adsorbent to the certain level of this regenerating condition,-the discharge check valve

closes automatically when the pressure drops below the necessary level.

38. In reference to claims 1 and 2, whereby the condensed adsorbate-refrigerant flows
from the bottom of the condenser into the evaporator where it evaporates, from here,

the evaporated adsorbate-refrigerant gets into the accumulator tank once again.

39. In reference to claims 1 and 2, whereby the liquid flow control regulates the
adsorbate-refrigerant flow to the evaporator, preventing that no liquid adsorbate-
refrigerant gets into the ATC heat exchanger, which is further secured by the

accumulator tank.

40. In reference to claims 1 and 2, whereby the energy flow side of the ATC heat
exchanger receives hot or cold energy at the time of regeneration and adsorption
respectively. The system function drawing shows the simplest example, when the
ATC heat exéhanger is a two-flow heat exchanger, and the same material transfers the
hot and cold energy, there is a possibility of re-designing and improving the energy
flow side of the ATC heat exchanger with other existing equipments, but it is
necessary that the apparatus always provides hot or cold energy at the time of

regeneration and adsorption respectively.

41, Tn reference to claims 1 and 2, whereby the pump in the system function drawing
circulates the energy flow in the energy flow side of the ATC heat exchanger, the
system may require more of these pumps, but it is also possible to omit it, if the

energy has direct flow.

42. In reference to claims 1 and 2, whereby the switching valves assure that the
energy flow side of the ATC heat exchanger receives hot or cold energy at the time of
regeneration and adsorption, in the system, depending on the quantity of the

integrated equipments, more of these switching valves may be installed if necessary.

43. In reference to claims 1 and 2, whereby the input hot heat energy heat exchanger

and input cold energy heat exchanger transfer the hot and cold energy to the energy
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side of the ATC heat exchanger. In the case of using direct heat and/or cold energy

these heat exchangers may be omitted.

44, In reference to claims 1 and 2, whereby the adsorption thermal compressor, also
referred to as ATC, consists of one or more pieces of ATC heat exchangers, in this
case, the continuity of the operation can be assured by that the different ATC heat

exchangers operate in opposite cycles.

45. In reference to claim 2, whereby the apparatuses can be produced in one apparatus

unit or more apparatus units.

46. In reference to claim 2, whereby the size and capacity of the Adsorption Thermal

Compressor apparatus according to the current level of technology can be anything.

47. In reference to claim 2, whereby the apparatusess can be produced for the small
capacity necessity areas of the electronic industry and the largest capacity necessity

areas of power plants and such.

48. In reference to claim 2, whereby according to the current level of technology the
areas of application include but are not exclusively the power plant inlet air cooling
apparatuses, the chemical industry’s cooling apparatuses, oil refinery plant cooling
apparatuses including offshore plant, food industrial cooling apparatuses especially
for the beer and alcohol production, paper and pulp industrial cooling apparatuses,
cooling apparatuses for industrial production lines, constructional and domestic
cooling apparatuses with a solar energy source apparatuses, cooling apparatuses for
transportation vehicles and ships, including air conditioning and turbo or other inlet
air cooling for vehicles and ships, including cold chain transportation vehicles’and
ships and vehicles’and ships with solar energy source, and the cooling apparatuses for

the electric motors and cooling apparatuses for the electronic industry.

49. In reference to claim 2, whereby the apparatuses are specially and uniquely
produced, sized and made by taking the area of application into account with the
given technology and given apparatuses. While the planning sizing and production of
the apparatus, the proper adsorbent and adsorbate refrigerant, the materials for the
parts of the apparatus need to be determined by taking the available warm energy and

necessary cold energy into account.
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50. In reference to claims 1 and 2, whereby they utilize the Earth’s and the Sun’s
energy to cool by omitting any additional energy, with exclusively harmless materials

to humans and the environment.

51. In reference to claims 1 and 2, whereby they can be applied at any area of
application where industrial and transportation apparatuses produce waste heat, and in

the mean time cooling energy/power is necessary.

52. In reference to claims 1 and 2, whereby it contributes to 10% of energy saving in
the non-natural, otherwise industrial processes, and 100% of energy saving in the
cases where it uses the heat energy of the Earth or the Sun, in any application area

where cooling energy/power is necessary.

53. In reference to claim 1, whereby the Adsorption Thermal Compressor apparatuses,
which are designed and produced to operate based upon this technology, can be
applied to any area of application where they use exclusively harmless materials to

humans and the environment.
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