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Description
FIELD OF THE INVENTION

[0001] Theinvention refers to a refrigeration or cooling
system, comprising absorption means fit to absorb heat
inside a room and emission means fit to emit the ab-
sorbed heat outside said room. Refrigeration may be un-
derstood as a process of cooling or freezing e.g. for pre-
servative purposes.

BACKGROUND OF THE INVENTION

[0002] Refrigeration or cooling systems, comprising
absorption means fit to absorb heat inside a room and
emission means fit to emit the absorbed heat outside
said room are generally known.

[0003] Wheretemperatures below that of any available
natural cooling agent are required, refrigerators are used
to produce the required cooling effect by taking in heat
at low temperatures and rejecting it at temperatures
somewhat above that of the natural cooling agent, which
is generally water or air. The function of a refrigerating
machine, therefore, is to take in heat at a low temperature
and reject it at a higher one, using external energy to
drive the process. A refrigerator is effectively a heat
pump, a heat engine running in reverse. Most refrigera-
tors qualify as phase change heat pumps. They convert
a refrigerant from gas to liquid and back again by com-
pression in a refrigeration cycle. In principle, any endo-
thermic process could be used provided it is balanced
by an exothermic in another physical location so that it
can operate in a cycle. For example, absorption of gas-
eous ammonia into water is used in most gas absorption
refrigerators.

[0004] A standard refrigeration or cooling system em-
ploys a liquid with a low boiling point to transfer heat from
cooler space to a warmer space; generally in a refriger-
ation application. It is the most common heat pump used
in domestic refrigerators, and heat pumps are also used
in air conditioning systems to transfer heat from the out-
side of a building to the inside or vice versa depending
upon a valve position.

[0005] Itemploysaliquid, known as arefrigerant which
has a low boiling point. The liquid requires energy (called
latent heat) to evaporate, and it drains that energy from
its surroundings in the form of heat (in the same way that
sweating cools the body). When the vapor condenses
again, it releases the energy, again in the form of heat.
[0006] The pump operates a cycle where the refriger-
ant repeatedly changes state from liquid to vapor and
back to liquid, the process being known as a refrigeration
cycle. The refrigerant is condensed to release heat in
one part of the cycle and is boiled (or evaporated) to
absorb heat in another part of the cycle.

[0007] Since the 1930s the liquid has typically been
Freon (CFC), but its use has been discontinued because
of damage that it does to the ozone layer if released into
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the atmosphere. The liquid now used is usually HFC-
134a (1,2,2,2-tetrafluoroethane), but other substances
such as liquid ammonia, or occasionally the less corro-
sive but flammable propane or butane can also be used.
[0008] The most common form of phase change heat
pump uses an electric motor to drive a mechanical com-
pressor. The compressor does not create a cooling effect
directly. The cooling effectis created when the refrigerant
boils and absorbs heat from the cooled space through a
heat exchanger. The cycle can be divided into two parts,
viz. the liquefaction stage and the evaporation stage.
[0009] The first part of the cycle, the liquefaction stage,
causes refrigerant vapor to be recycled into its liquid form
by extracting heat from a comparatively high temperature
vapor. The compressor compresses a relatively low-
pressure and low-temperature refrigerant vapor drawn
from the evaporator coil. During compression, the refrig-
erant vapor is heated by compression itself (PV = RT)
and the work of compression to create a high-tempera-
ture and high-pressure vapor. Then the vapor is pushed
into a heat exchanger known as a condenser located in
a higher temperature heat sink that is located outside of
the space being cooled. In the condenser, heat is re-
moved from the refrigerant so thatit condenses to a liquid
state.

[0010] The second part of the cycle, the evaporation
stage, begins after the liquid refrigerant leaves the con-
denser as a relatively warm, high-pressure liquid and
passes through a refrigerant metering device into the
cooling coil or evaporator on the low-pressure side of the
system. The compressor pumps the refrigerant out of the
evaporator at a rate sufficient to cause the pressure and
temperature of the refrigerant to drop well below its boil-
ing point as it moves through an interior heat exchanger
coil known as the evaporator. This boiling liquid refriger-
ant absorbs heat energy from the interior space through
the walls of this evaporator. The system is designed to
completely evaporate liquid refrigerant into a low-pres-
sure vapor within the interior coil before it returns to the
compressor to repeat the cycle.

[0011] The four essential components of the mechan-
ical refrigeration cycle for a phase change heat pump are
acompressor, an evaporator (at the system’s warm side,
the room or space to be cooled), a refrigerant metering
device and a condenser (at the system’s cold side).
These four components must be selected or matched for
the application and to each other in order for the system
to work well and efficiently. None of these parts produce
a refrigeration effect. Boiling (or rapidly evaporating) re-
frigerant absorbs heat and creates the benefit of refrig-
eration. The refrigeration cycle allows a small amount of
refrigerant to be cycled and recycled for decades of use.
[0012] Both at the system’s warm side and at the sys-
tem’s cold side heat has to be transferred, viz. at the
warm side from the "cold room" to the evaporator, and
from the condensor to its environment, outside the "cold
room", either indoors or outdoors (especially in e.g. in-
dustrial systems).
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[0013] In general, heat transfer may occur by any of
the mechanisms conduction, convection, and radiation.
Conduction is the most common means of heat transfer
in a solid. On a microscopic scale, conduction occurs as
hot, rapidly moving or vibrating atoms and molecules in-
teract with neighboring atoms and molecules, transfer-
ring some of their energy (heat) to these neighboring at-
oms.

[0014] In insulators the heat current is carried almost
entirely by phonon vibrations. The "electron fluid" of a
conductive metallic solid conducts nearly all of the heat
currentthrough the solid. (Phonon currents are still there,
but carry less than 1% of the energy.) Electrons also con-
duct electric current through conductive solids, and the
thermal and electrical conductivities of most metals have
about the same ratio. A good electrical conductor, such
as copper, usually also conducts heat well.

[0015] Convectionis usually the dominant form of heat
transfer in liquids and gases. In convection, heat transfer
occurs by the movement of hot or cold portions of the
fluid. For example, when water is heated on a stove, hot
water from the bottom of the pan rises, heating the water
at the top of the pan. Two types of convection are com-
monly distinguished, free convection, in which gravity
and buoyancy forces drive the fluid movement, and
forced convection, where a fan, stirrer, or other means
is used to move the fluid. Buoyant convection is due to
the effects of gravity, and absent in microgravity environ-
ments.

[0016] Radiationis ameans of heat transfer. Radiative
heat transfer is the only form of heat transfer that can
occur in the absence of any form of medium and as such
is the only means of heat transfer through a vacuum.
Thermal radiation is a direct result of the movements of
atoms and molecules in a material. Since these atoms
and molecules are composed of charged particles (pro-
tons and electrons), their movements result in the emis-
sion of electromagnetic radiation, which carries energy
away from the surface. At the same time, the surface is
constantly bombarded by radiation from the surround-
ings, resulting in the transfer of energy to the surface.
Since the amount of emitted radiation increases with in-
creasing temperature, a net transfer of energy from high-
er temperatures to lower temperatures results. For room
temperature objects (~300 K), the majority of photons
emitted (and involved in radiative heat transfer) are in
the infrared spectrum, but this is by no means the only
frequency range involved in radiation. The frequencies
emitted are partially related to black-body radiation. Hot-
ter objects-a campfireis around 700 K, for instance-trans-
fer heat in the visible spectrum or beyond. Whenever EM
radiation is emitted and then absorbed, heat is trans-
ferred. This principle is used in e.g. microwave ovens.
[0017] In prior-art refrigeration or cooling systems the
dominant form of heat transfer from the condensor to its
environment is convection, either free or forced convec-
tion.

[0018] Below an improvement of the capacity of a re-
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frigeration or cooling system will be presented.
SUMMARY OF THE INVENTION

[0019] A main aim of the refrigeration or cooling sys-
tem, comprising emission means for emitting absorbed
heat outside the room to be cooled, is that those emission
means comprise radiation means, fit to emit at least a
substantial part of the absorbed heat by radiation, achiev-
ing an impressive improvement of the refrigeration ca-
pacity. The innovative radiation means may be either the
sole heat emission means, replacing the prior art’s con-
vection based condenser(s) or may be added to the (e.g.
existing) emission means, i.e. the convection based con-
denser(s). The radiation heat emitted may serve either
to condense the relevant refrigerant or to sub cool the
refrigerant at a constant pressure defined by the con-
densing process.

[0020] Using radiation means for the emission of heat,
increases the performance of the relevant refrigeration
or cooling system drastically due to the fact that for the
"production of cold" use can be made of the heat/cold
capacity of the extraterrestrial space (the cosmos), viz.
by means of electromagnetic radiation to the extraterres-
trial space.

[0021] Thermal radiation is closely related with the
"black body" theory, to which theory may be linked to e.g.
http://en.wikipedia.org/wiki/Black_body

[0022] Depending on the demand cycles for cold,
switching or control means may installed, fit to enable
(switch on) said radiation means if the net value of the
amount of energy of the heat to be emitted and the
amount of energy of incoming radiation received (ab-
sorbed) by said radiation means from any (external) ra-
diation source (e.g. by sun radiation) is positive. Inversely
or additionally, the control means may disable (switch
off) said radiation means if the net value of the amount
of energy of the heat to be emitted by said radiation
means and the amount of energy of incoming radiation
received by said radiation means from any (external) ra-
diation source is negative. The control means may be fit
to switch on the radiation means if they effectively radiate
the heat to the outer space and to switch off the radiation
means if they cannot effectively radiate the heat to the
outer space, due to the reception of incoming heat radi-
ation, e.g. originated by the sun.

[0023] The control means may be fit to be set at first
points of time to enable said radiation means (i.e. to con-
nect them to the system’s heat emission side) and/or at
second points of time to disable them. Alternatively the
control means may be fit to measure or value (e.g. by
heat or light radiation detection) the amount of energy of
incoming radiation received by said radiation means from
any (external) radiation source. As the sun is to be con-
sidered as the main source for incoming (heat and light)
radiation from the extraterrestrial space, the control
means may preferably be fit to enable said radiation
means at sunset and/or to disable said radiation means



5 EP 1659 349 Al 6

at sunrise.

[0024] The radiation means, e.g. comprising an opti-
cally black radiation surface, may be used for the pro-
duction of cold during nightly hours by means of radiation
exchange with the (extraterrestrial) space. The cold pro-
duced in that way may be used for refrigerated or frozen
storage facilities ("cold stores") which could additionally
be used for the buffering of the produced cold too. A very
favorable and relevant aspect is that the "night radiator",
by coupling to the condensor side of the refrigeration sys-
tem, can operate at a relatively high temperature, which
improves the amount of radiation emitted and reduces
the losses due to convective heating by the environment,
e.g. the environmental air.

[0025] Nightly radiation to an unclouded star heaven
is given by the standard radiation laws and is equal to

Q=8-0'(T," —TO“)

[0026] In this equitation the radiation ¢ = 5,7 . 10-8
W/m2,K#4 and ¢ the emission coefficient of the night radi-
ator. T, resp. To are the absolute temperatures of the
radiating and the receiving object. A (optically) black ra-
diator having a temperature of 20 °C the maximum radi-
ation is 420 Watt/m2. The gain of a night radiator de-
pends, at one side, on the radiation properties of the ra-
diator and the degree of cloudiness, and, at the other
side, on the night radiator's temperature. This tempera-
ture depends on the cold production and convective
warming by the environment.

[0027] Below an exemplary embodiment of a refriger-
ation or cooling system presented above will be dis-
cussed, including an embodiment of a radiating heat
emitter, co-operating with the remaining system parts.

EXEMPLARY EMBODIMENT

[0028] FIG. 1 shows an embodiment of a refrigeration
or cooling system, comprising absorption means, in the
form of an evaporator 1 within the room to be cooled (e.g.
cold store), which is fit to absorb heat inside that room.
The evaporator 1 is connected, via a compressor 2 with
first emission means, in the form of a condensor 3 which
is fit to emit at least part of the absorbed heat outside the
room to be cooled. The circuit, moreover, comprises an
expansion valve 4, fit to expand the refrigerant fluid, cir-
culating through the circuit. As stated above, a impres-
sive improvement of the system’s refrigeration capacity
can be performed by adding, via an extra heat exchanger
5 and a second coolant circuit, radiation means which
are fit to emit at least a substantial part of said heat by
radiation (contrary to the convection based heat ex-
change of the condenser 3.

[0029] The (electromagnetic) energy radiator prefera-
bly comprises a heat exchanger part 7 and the proper
(EM) radiator 8. Heat exchange between the second cir-
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cuit’s coolant and the exchanger part 7 is based on con-
vection, while heat exchange between the exchanger
part 7 and the radiator 8 is based on conduction, when
both (solid) parts are brought in tight connection. In that
way, a substantial part of the heat, originated from the
condenser 1, will be transmitted to the exchanger part 7
and the radiation part 8, which is able, due to its EM
radiation properties to radiate its heat energy radiation
to the extraterrestrial space.

[0030] The second coolant circuit will be driven -at
least during the night, when the sun does not emit energy
to the radiator 8- by a pump 6, which is controlled by a
control unit 9 which may either be controlled by setting
the pump’s on/off time or by means of a sensor 10, which
is able to detect sunset and sunrise: between sunset and
sunrise the pump 9 may be switched on and between
sunrise and sunset switched off.

[0031] Figs. 2a,2b and 2c show an exemplary embod-
iment of the exchanger 7 and radiator 8, which are fit to
emit a substantial part of the system’s heat by radiation.
FIG. 2a shows a schematic front view, FIG. 2b a cross-
sectional view and FIG. 2c a detail of the cross-section.
The second circuit’s coolant flows through the exchanger
part 7 which may be formed, as the Figs. 2 show, by a
long, folded tube which is firmly connected to -or even
integrated with- the proper radiator 8. The radiator 8 may
have the shape of a plate, preferably comprising a black
or at least optically black (for e.g. IR) surface, thus max-
imizing its radiation performance.

[0032] The coolant’s heat will be transmitted to the ra-
diator 8 by convection and/or conduction and radiated
by its radiation surface to the extraterrestrial space, as
long as, during the night, there in no or less incoming
radiation (especially sun light).

[0033] The improve the radiator’s performance, it may
be placed in a thermally isolated casing 11 and covered,
at the radiation side, by thermally isolated Plexiglas or
glass sheet 12, to prevent that thermal energy may be
exchanged with the radiator’'s direct environment, e.g.
the environmental air, which would influence the radia-
tor’s efficiency negatively. Moreover, to improve the ra-
diator’s efficiency, the casing 11 may comprise a radia-
tion reflector 13, at the radiator’s back side, e.g. made
by Aluminum foil.

[0034] FIG. 3 shows schematically the artist's impres-
sion of an alternative construction of the radiator. In this
embodiment the radiation part 8 may be made of rather
thin metal of plastic sheet material. Firmly connected to
it, or integrated with it, are hollow members 7 which are
connected with the second circuit’'s coolant.

Claims

1. Refrigeration or cooling system, comprising absorp-
tion means (1) fit to absorb heat inside a room and
emission means fit to emit the absorbed heat outside
said room, said emission means comprising radia-
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tion means (8), fit to emit at least a substantial part
of said heat by radiation.

System according to claim 1, said radiation means
being fit for emission the relevant heat by electro- 5
magnetic radiation.

System according to claim 1, said radiation means
being fit for emission the relevant heat by radiation
to the extraterrestrial space or the cosmos. 10

System according to claim 1, comprising control
means (9) fit to enable said radiation means if the

net value of the amount of energy of the heat to be
emitted by said radiation means and the amount of 15
energy of incoming radiation received or absorbed

by said radiation means from any radiation source

is positive.

System according to claim 1, comprising control 20
means (9) fit to disable said radiation means if the

net value of the amount of energy of the heat to be
emitted by said radiation means and the amount of
energy of incoming radiation received or absorbed

by said radiation means from any radiation source 25
is negative.

System according to claim 4 or 5 respectively, said
control means being fit to be set at first points of time

to enable said radiation means or to be setat second 30
points of time to disable said radiation means.

System according to claim 4 or 5, comprising means

(10) for measuring or valuing the amount of energy

of incoming radiation received or absorbed by said 35
radiation means from any radiation source.

System according to claim 6 or 7, said control means

being fit to enable said radiation means at sunset or
to disable said radiation means at sunrise. 40
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