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(54) COMPRESSOR-FREE COOLING SYSTEM POWERED BY HEAT SOURCE

(57) A cooling system comprises a heat source (1),
providing heat; a power generation device (2), heating a
cooling medium (3) through the heat source (1) to in-
crease the temperature and pressure of the cooling me-
dium (3) and gasifying the same; a condenser (5), due
to a pressure difference incurred in the power generation
device (2), the liquid cooling medium (3) flowing from the
power generation device (2) into the condenser (5), and
the liquid cooling medium (3) decreasing; a throttle valve
(7), making the liquid cooling medium (3) decrease the
pressure thereof and absorb heat to be sprayed to an
evaporator (8); the evaporator (8), the cooling medium
(3) performing heat exchanges heat in the evaporator (8)
with a refrigeration output (10); and a liquid medium reflux
device (15), the liquid medium (3) accumulated at the
bottom of the evaporator (8) flowing back freely to the
power generation device (2) under the action of gravity.
The evaporator (8), the liquid medium reflux device (15),
and the power generation device (2) are arranged are
vertically arranged in a descending order.
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Description

Field of the Invention

[0001] The present patent application relates to a re-
frigeration system, in particular to a compressor-free re-
frigeration system powered by a heat source.

Background of the Invention

[0002] A conventional compression refrigerator con-
sists of four parts: a compressor, a condenser, an evap-
orator, and an expansion valve. The working process is
as follows: a low-pressure gaseous heat exchange me-
dium (e.g., Freon) vaporized in the evaporator is extract-
ed by the compressor, compressed into high-pressure
gas, and fed into the condenser; the high-pressure gas
is refrigerated and condensed into high-pressure liquid
in the condenser, throttled by the expansion valve into
low-pressure liquid working medium, and fed back into
the evaporator; the low-pressure liquid working medium
at normal temperature in the evaporator absorbs heat
from a refrigeration output; in that way, a refrigeration
cycle is completed.
[0003] The compression refrigeration technique has
some drawbacks, such as high cost, installation incon-
venience, high power consumption, and high noise.
[0004] To overcome the drawbacks of compression re-
frigeration technique, for example, a solar air-conditioner
is disclosed in Chinese Patent Application No.
CN1710346. As shown in Figure 4, the solar air-condi-
tioner comprises an energy accumulator 2, with a light-
tube solar receiver 8 designed to convert light energy
into heat energy arranged on one side of the energy ac-
cumulator 2, and a tubular heat exchanger 3 containing
a low-boiling working medium arranged in the cavity of
the energy accumulator 2. In the refrigeration process,
the working medium is heated up and vaporized in the
heat exchanger 3, forming high-temperature and high-
pressure gas; the gas is outputted from the heat exchang-
er 3 to an outdoor condenser 10; the temperature and
pressure of the gas are decreased in the condenser 10;
then, the gas is throttled by a throttle valve 12. At this
point, the working medium is in low-temperature liquid
state, and it flows into an indoor evaporator 11 and ab-
sorbs heat there, and thereby the indoor temperature is
decreased. Then, the working medium flows through a
booster 7, a pressure valve 6, and a solenoid-operated
four-way valve into the heat exchanger 3 in the energy
accumulator; in that way, a cycle is completed.
[0005] Though no compressor is used in the circulation
process of the heat exchange medium in the air condi-
tioner disclosed in the patent application document, a
booster 7 is used to drive the working medium in the
evaporator to return to the heat exchanger, so as to ac-
complish working medium circulation. Such a structure
is still similar to a compressor, and doesn’t thoroughly
solve the problem of power required for driving the work-

ing medium to return from the evaporator to the heat ex-
changer after heat exchange.

Summary of the Invention

[0006] To solve the problem described above, the
present invention provides a refrigeration system that uti-
lizes a heat source instead of a compressor to achieve
refrigeration.
[0007] The present invention provides a refrigeration
system, comprising: a heat source designed to provide
heat energy; a power generator designed to heat up a
refrigerating medium with the heat source arranged in
the power generator, so that the temperature and pres-
sure of the refrigerating medium are increased and the
refrigerating medium is vaporized; a condenser into
which the liquid refrigerating medium flows from the pow-
er generator under the action of the pressure difference
resulted from the high temperature in the power gener-
ator, and in which the temperature of the liquid refriger-
ating medium is decreased; a throttle valve which con-
trols the liquid refrigerating medium flowing through the
condenser to jet out from it under the action of the pres-
sure difference, so that the pressure of the liquid refrig-
erating medium is decreased under the jet action and the
liquid refrigerating medium absorbs heat; an evaporator
into which the low-temperature and low-pressure refrig-
erating medium is jetted from the throttle valve, and in
which the low-temperature and low-pressure refrigerat-
ing medium exchanges heat with a refrigeration output
in the evaporator and is accumulated in the form of liquid
refrigerating medium on the bottom of the evaporator;
and a liquid working medium return unit through which
the liquid working medium accumulated on the bottom
of the evaporator flows back freely to the power generator
under gravity action, wherein the evaporator, liquid work-
ing medium return unit, and power generator are ar-
ranged from top to bottom in a vertical direction in turn.
[0008] In the present invention, a variety of common
heat sources can be used to heat up the working medium,
so that the working medium can flow from the power gen-
erator into the evaporator; in addition, gravity is used as
the power for driving the working medium to flow back
from the evaporator into the power generator. Under
gravity action, the upper valve and lower valve open in
alternate, so that the pressure difference between the
power generator and the evaporator is balanced twice
with the reservoir, and thereby the liquid working medium
is returned from the evaporator to the power generator
after heat exchange and circulates. In that way, the dif-
ficulty in the return of the working medium as a result of
the pressure difference between the power generator
and the evaporator is solved reasonably.

Brief Description of the Drawings

[0009]

1 2 
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Figure 1 is a schematic diagram of a first embodiment
of the refrigeration system in the present invention.
Figure 2 is a schematic diagram of a working state
of the liquid working medium, in which the upper
valve is open.
Figure 3 is a schematic diagram of a second embod-
iment of the refrigeration system in the present in-
vention.
Figure 4 is a schematic diagram of a refrigeration
system in the prior art.

Detailed Description of the Embodiments

[0010] As shown in Figure 1, the refrigeration system
in the present invention comprises: a heat source 1 that
is designed to provide heat energy; a power generator 2
that contains a liquid working medium 3 and a gaseous
working medium 4, a condenser 5, a throttle valve 7, an
evaporator 8, a refrigeration output 10, and a liquid work-
ing medium return unit 15. The power generator 2 utilizes
the heat source 1 arranged in it to heat up the refrigerating
medium comprising the liquid working medium 3 and gas-
eous working medium 4, so that the temperature and
pressure of the refrigerating medium are increased and
the refrigerating medium is vaporized. Under the action
of the pressure difference resulted from the high temper-
ature in the power generator 2, the liquid refrigerating
medium 3 flows from the power generator 2 into the con-
denser, and the temperature of the liquid refrigerating
medium is decreased in the condenser 5. The throttle
valve 7 controls the liquid refrigerating medium flowing
through the condenser to jet out from it under the action
of the pressure difference, so that the pressure of the
liquid refrigerating medium is decreased under the jet
action and the liquid refrigerating medium absorbs heat.
The low-temperature and low-pressure refrigerating me-
dium is jetted from the throttle valve 7 into the evaporator
8, exchanges heat with the refrigeration output 10 in the
evaporator, and is accumulated in a form of liquid refrig-
erating medium on the bottom of the evaporator 8. The
liquid working medium accumulated on the bottom of the
evaporator 8 flows back freely to the power generator
under gravity action via the liquid working medium return
unit 15.
[0011] The liquid working medium return unit 15 com-
prises an upper valve 12, a reservoir 13, and a lower
valve 14, wherein, the upper end of the reservoir 13 is
connected to the evaporator 8 via the upper valve 12,
the lower end of the reservoir 13 is connected to the pow-
er generator 2 via the lower valve 14, and the upper valve
12 and lower valve 14 open sequentially, but don’t open
at the same time. Especially, the evaporator 8, liquid
working medium return unit 15, and power generator 2
are arranged from top to bottom in a vertical direction in
turn.
[0012] The working process of the entire system is as
follows: the liquid working medium 3 is heated up in the
power generator 2, so that the temperature and pressure

of the liquid working medium 3 are increased and the
liquid working medium 3 is vaporized. In the entire sys-
tem, the evaporator side is in low-temperature and low-
pressure state, while the power generator side is in high-
temperature and high-pressure state. For example, the
temperature is 20°C at the evaporator side and 60°C at
the power generator side. It is seen from the following
table: in the case of refrigerant F-12, the pressure at 20°C
is 0.4689MPa and 1.427MPa at 60°C, which is to say,
the pressure difference between the evaporator side and
the power generator side is 0.958MPa.
[0013] Under the action of the pressure difference be-
tween the evaporator side and the power generator side,
the liquid working medium that is not vaporized in the
lower part of the power generator flows out of the power
generator 2 into the condenser 5 through a pipe outlet
below the gas-liquid interface in the power generator 2.
At the condenser 5, the temperature of the liquid working
medium drops, but the liquid working medium is still in
high-pressure state. The high-pressure liquid working
medium is jetted out through a throttle valve into the evap-
orator 8. At this point, the pressure of the liquid working
medium drops, and the liquid working medium is vapor-
ized and absorbs the heat from the refrigeration output
in the evaporator; thus, heat exchange is accomplished.

[0014] To prevent reduction of pressure difference be-
tween the power generator and the evaporator and en-
sure the working medium can flow back to the power
generator and circulates, a liquid working medium return
unit 15 is arranged between the power generator and the
evaporator.
[0015] The liquid working medium return unit 15 com-
prises an upper valve 12 (e.g., in the form of an electronic
switch), a reservoir 13, and a lower valve 14 (e.g., in the
form of an electronic switch). The upper end of the res-
ervoir 13 is connected to the evaporator 8 via the upper
valve 12, and the lower end of the reservoir 13 is con-
nected to the power generator 2 via the lower valve 14.
[0016] Especially, the evaporator 8, liquid working me-
dium return unit 15, and power generator 2 are arranged

Table 1. Pressure vs. Temperature of Refrigerating 
Media

Temperature/°C
Pressure/MPa

F-12 F-22

0 0.2104 0.399

10 0.325 0.582

20 0.4689 0.811

30 0.6464 1.093

40 0.8620 1.434

50 1.1205 1.842

60 1.427 2.327

3 4 
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from top to bottom in a vertical direction in turn.
[0017] After heat exchange with the refrigeration out-
put 10, the gaseous working medium in the evaporator
becomes low-temperature and low-pressure liquid work-
ing medium. The liquid working medium is accumulated
on the bottom of the evaporator. The upper valve 12 con-
nected to the bottom of the evaporator 8 opens at a spe-
cific time interval. Within a preset time after the upper
valve is opened, the pressure between the reservoir 13
and the evaporator 8 will be balanced, and the liquid
working medium on the bottom of the reservoir 13 will
flow back freely into the reservoir 13 under gravity action,
as shown in Figure 2. Then, the upper valve 12 is closed.
Next, the lower valve 14 is opened; within a preset time
after the lower valve 14 is opened, the pressure between
the reservoir 13 and the power generator 2 will be bal-
anced, and the liquid working medium in the reservoir 13
will flow back freely into the power generator 2 under
gravity action in the same way. Then, the lower valve 14
is closed. As the upper valve and lower valve are opened
in alternate, pressure isolation is achieved between the
power generator and the evaporator. With the liquid work-
ing medium return unit 15, the pressure difference be-
tween the power generator and the evaporator is main-
tained so that the system operation can continue, and
the liquid working medium can flow back. A refrigeration
cycle is accomplished through the above process.
[0018] Thus, in the present invention, the working me-
dium can flow back from the evaporator to the power
generator solely under gravity action, and a preset pres-
sure difference is maintained between the power gener-
ator and the evaporator by means of the upper valve and
lower valve, so that the entire system can continue its
operation.
[0019] The time interval at which the valves are opened
can be controlled by means of a controller.
[0020] Preferably, water cooling or air cooling is used
in the present invention. As shown in Figure 3, in the
present invention, two condensers connected in series
are employed for duplex cooling, i.e., a heat storage wa-
ter tank 20, followed by an air-cooled condenser.
[0021] The refrigerating medium can be ammonia,
F12, F22, F502, liquid nitrogen, or 134A, etc.
[0022] As described above, a variety of common heat
sources can be used as the power source for heating up
the working medium, so that the working medium can
flow from the power generator into the evaporator; in ad-
dition, gravity is used as the power source for driving the
working medium to flow back from the evaporator into
the power generator. Thus, the complex process of elec-
trical energy-mechanical energy conversion involved in
the compressor in conventional refrigeration systems is
eliminated thoroughly. In addition, the compressor-free
refrigeration system in the present invention has simple
structure and lower cost, and is applicable to a variety of
application scenarios.
[0023] Therefore, the refrigeration system disclosed in
the present invention can save energy. It can utilize a

variety of common heat sources, such as water heaters
and waste heat of boilers, etc., and doesn’t consume
electrical energy heavily when compared with compres-
sion refrigeration systems. In addition, the refrigeration
system disclosed in the present invention doesn’t have
noise produced by compressor, and has low cost and
wide applicability. The implementers can employ differ-
ent heat sources, such as solar heat source, electric heat
source, or waste heat of boiler, etc., according to the local
conditions.

Claims

1. A refrigeration system, comprising:

a heat source designed to provide heat energy;
a power generator designed to heat up a refrig-
erating medium with the heat source arranged
in the power generator, so that the temperature
and pressure of the refrigerating medium are in-
creased and the refrigerating medium is vapor-
ized;
a condenser into which the liquid refrigerating
medium flows from the power generator under
the action of the pressure difference resulted
from the high temperature in the power gener-
ator, and in which the temperature of the liquid
refrigerating medium is decreased;
a throttle valve which controls the liquid refrig-
erating medium flowing through the condenser
to jet out from the throttle valve under the action
of the pressure difference, so that the pressure
of the liquid refrigerating medium is decreased
under the jet action and the liquid refrigerating
medium absorbs heat;
an evaporator into which the low-temperature
and low-pressure refrigerating medium is jetted
from the throttle valve, and in which the low-tem-
perature and low-pressure refrigerating medium
exchanges heat with a refrigeration output in the
evaporator and is accumulated in the form of
liquid refrigerating medium on the bottom of the
evaporator; and
a liquid working medium return unit through
which the liquid working medium accumulated
on the bottom of the evaporator flows back freely
to the power generator under gravity action,
wherein the evaporator, liquid working medium
return unit, and power generator are arranged
from top to bottom in a vertical direction in turn.

2. The refrigeration system as set forth in claim 1,
wherein the liquid working medium return unit com-
prises an upper valve, a reservoir, and a lower valve,
the upper end of the reservoir is connected to the
evaporator via the upper valve, the lower end of the
reservoir is connected to the power generator via the

5 6 
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lower valve, and the upper valve and lower valve
open sequentially, but don’t open at the same time.

3. The refrigeration system as set forth in claim 1,
wherein the liquid working medium flows out of the
power generator through a pipe outlet arranged blow
the gas-liquid interface in the power generator.

4. The refrigeration system as set forth in claim 1,
wherein the condenser is a water-cooled condenser
or an air-cooled condenser, or comprises a water-
cooled condenser and an air-cooled condenser con-
nected in series.

5. The refrigeration system as set forth in claim 1,
wherein the refrigerating medium is any gas-liquid
phase change refrigerant.

6. The refrigeration system as set forth in claim 5,
wherein the refrigerating medium is ammonia, F12,
F22, F502, liquid nitrogen, or 134A.

7. The refrigeration system as set forth in claim 1,
wherein the liquid working medium return unit opens
at a specific time interval.

7 8 
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