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(57) Abréegée/Abstract:
A thermo siphon chiller refrigerator for use in cold districts capable of forming a refrigerant natural circulating refrigerating cycle

having an outdoor heat exchanger, an indoor heat exchanger, and a compressor and also allowing to function, by the combination
of refrigerant pipeline, as a backup refrigerant compressing and force-circulating system when the ambient temperature Is high,
characterized In that the compressor (10) Is additionally installed in the refrigerant natural circulating refrigerating cycle having the
outdoor heat exchanger (12), the indoor heat exchanger (11) installed at a position lower than that of the outdoor heat exchanger,
and an expansion valve (18), and when the ambient temperature Is high and the capacity of the refrigerant natural circulating
refrigerating cycle Is not sufficient, a backup refrigerant compressing and force-circulating refrigerating cycle I1s formed by the

additionally installed compressor (10).
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ABSTRACT

In order to provide a thermo-siphon chilller refrigerator
for use in c¢old districts which performs natural
refrigerant-circulation refrigerating cycle and also can
performaforcedrefrigerant-circulat tonrefri geratingcycle
when outside alr temperature is high by using an indoor heat
exchanger, an ocutdoor heat exchanger, and a compressor, and
combining them with refrigerant piping. the thermo-siphon
chillerrefrigeratorforuse incolddistrictsof the invention
has a compressor(10) additionally installed to a natural
refrigerant-circulation refrigerating system comprising an
outdoor heat exchanger (l12), an indoor heat exchanger(ll)
located at a position lower than that of the outer heat
exchanger(12), and an expansion valve(l8). When the
refrigerating capacity of +the natural refrigerant
-¢circulation refrigerating system is not sufficient, the
additional compressor(l0) is oparated to perform a forced

refrigerant-circulation c¢ycle i.e. a vapor compression

refrigerating cycle.
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THERMO-STPHON CHILLER REFRIGERATOR FOR USE IN COLD DISTRICT

Fleld of the Invention

The present 1invention relates to an eénergy-saving
tﬁemo-siphon chiller refrigerator which can pexrform a vapor
compression refrigerating cycle{forced ¢circulation cycle of
refrigerant) in summer as a backup refrigerating cycle of
the thermmo-siphon chilling ¢ycle(natural ¢irculation cycla

of refrigerant).

Tachnical Background

Large scale bulildings in cold districts may need cooling
even in the condition the atmosphere is ¢old in winter,
particularly in a data center, etc. where a large amount of
heat 1is generated by communicatlion service egquipment.
Therefore, generally, room coolers are operated there even

in winter.

The air conditioning system gesnerally used fof air
conditioning of a building is composed of, as shown in FIG. 2,
an outdoor heat exchanger 102 functioning as a condenser,
a recelver 108, an indoor heat exchanger 101l functioning as
an evaporator, a compressor 110, and an expansion valve 104.
The system performs & vapor compression refrigerating cycle

which 1s an energy consuming refrigerating cycle.

However, 1in a cold district where the atmospheric
temperature 1is low Jin winter, a natural refrigerant

~-clrculation system 18 used as an energy-saving air
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conditioning system.

Said natural refrigerant-circulation system utillzes the
phase-change of the refrigerant toeffect natural circulation
of the refrigerant basedon the thermo-siphonprinciple caused
by the effact ¢of temperature difference 0of the refrigerant.
By the system, energy saving and reduction of running c¢ost
are achleved.

Among a varlety of natural refrigerant-cixculation system
proposed in the past, a system proposed recently will be

explained hereunder with reference to drawings.

Sald proposal is disclosed in Japanese Laid-Open Patent
Application No.10-300128 as "Natural refrigerant
~-circulation chilling and dehumlidifying apparatus and
air-conditioning system combined with the apparatus”. The
proposal relates to air-¢condlitioning or dehumidification or
indirect air conditioning vtlilizing outside cold air of a
house or Office building. and was made to solve the problems
that a conventional alr-conditioning apparatus which works
on a vapor comprassion refrigerating cycle consumes a large
amount of energy and enhances environmental pollution. There
are disclosed a £irst, gsecond, and third embodiment in the

proposal.

The £irst embodiment of said proposal is, as shown in FIG.3,
composed of an indoor heat exchanger 101, an outdoor heat
exchanger 102, and a refrigexant piping 103. The indoor heat
exchanger 101 is provided in a room for exchanging heat with
the aixr in the room. The outdoor heat exchanger 102 is provided

in the outside of the separating wall A for changing heat
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with the gutside alr and located at the position higher than
that of the indoor heat exchanger 101. The refrigerant piping
103 connects the indoor heat exchanger and outdoor heat
exchanger so that the low boilling point refrigerant (HCFC~22.
HFC-23) in the system circulates through the indoor heat

exchanger 101 and outdoor heat exchanger 102.

With thé configuration, the low bhoiling point refrigerant
enclosed in the refrigerant plplng is heated in the indoor
heat exchanger 101 by the heat of the alr in the room to be
bolled and evaporated. The evaporated low boiling point
refrigerant gas £flows upward in the refrigerant pipe 103 and
cools and dehumidifies the air passing through the indoor

heat exchanger 1l01.

The low boiling point refrigerant gas flew uvpward in said
refrigerant piping is introduced into the o¢outdoor heat
exchanger 102 and thereby cooled by the outside air to bhe
condensed to a liquid state. The ligquefied low bolling point
refrigerant flows downward in the refrigerant piping by the
effect of gravity to be again returned to the indoor heat
exchanger 101 to he evaporated. Thus the evaporation

-condensing cycle is reiterated.

When outside air temperature is lower than the air
temperature in the room, the pressure in the evaporator is
higher than that in the condenser, s that refrigerant
cilrculation occurs without enforecing powexr. Thus, the heat
in the room can be transferred to the outside of the room

without enforcing powexr, and the air in the room can be
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dehumidified. As a result, substantlal energy-saving can
be attained. That 1is, the characteristic of the proposed
natural refrigerant~circulationchilling and dehumidifying

apparatus is determined by the difference inspecific gravity
of the low boiling point refrigerant caused by the
phase-change thereof, difference in height of the liquid
column of the low boiling point refrigerant, refrigerant
piping system, the characterlstics of the indoor heat

exchanger and outdoor heat axchanger.

Next, the second embodiment of the proposal will be
explained with reference to FIG.4.

As shown in FIG.4, the second embodiment of the natural
circulation chilling and dehumidifying apparatus comprises
an indoor heat exchanger 101, an outdoor heat exchanger 102,
a rerfrigerant pilping 103, an expansion valve 104, and a
separate forced refrigerant-circulation refrigerating

apparatus (a vapor compression refrigerating apparatus).

The vapor compression refrigerating apparatus 105
comprises an evaporation heat exchanger 150, a condensing
heat exchanger 151, a compressor 152, and an expansion valve
153. The evaporation heat exchanger 150 of the vapor
compression refrigerating apparatus 105 is in ¢lose contact
with the outdoor heat exchanger 102 in order to efficliently
take away heat £from the outdoor heat exchanéer 102. Reference
symbol A denotes a wall, the left side thereof being a room
and the right side thereof being the outside.

With the above configuration, said vapor compression
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refrigerating apparatus 105 1is operated only when the
temperature difference between the inside and outside of
the room becomes small and cooling ability is reduced, in
order to backup the heat exchanging abllity of the outdoor

heat exchanger 102.

Next, the third embodiment of the proposal will he
explained with reference to FIG.5.

As shown in FIG.5, the third embodiment of the natural
refrigerant-circulation chilling and dehumidifying
apparatus consists of a vapor compression refrigerating
/heat pumping abparatus l06 of prior art and the natural
refrigerant-circulation chilling and dehumidifying
apparatus 107 shown in FIG.3.

Sald vapor compression refrigerating and heat pump
apparatus 106 works on a conventional energy-consuming Vapor
compression refrigerating ¢ycle and comprises an indeoor heat
eXxchanger 160, an outdoor heat exchanger 161, a compressor
162, an expansion valve 163, and a refrigerant piping 164
connecting themin a loop. Reference symbol A denotes awall,

the left side thereof being a room and the right side thereof
being the outside.

The compressor 162 is for compressing the low bolling
point refrigerant f£illed in the system. The refrigerating
cycle and heat pump cycle can be switched to each other
according to whether the compressed refrigerant gas is

introduced to the outdoor heat exchanger 161 or to the indoor

heat exchanger 160,
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In above configuratlion, the vapor compression
refrigerating/heat pumping apparatus 106 is an air
conditioning apparatus provided besides the natural
refrigerant-c¢irculation chilling and dehumidifying
apparatus 107. When the natural c¢irculation of the
refrigerant occurs sufficiently, energy-saving operation
with the vapor compression refrigerating cycle operation
stopped can be performed, or the heat pumpling cy¢le operation
of the vapor compression cycle to warm the rooﬁ can be
performedwhile dehumidifying by the operationof thenatural
refrigerant-circulation cycle. The two systems work

independently.

When considering the case the proposal disclosed in
Japanese Laid-Open Patent Application No. 10-300128 is used
in a cold district, the second and third embodiments can
accommodate enough to the environment. however, two sets
of indoor heat exchangers, outdoor heat exchangers, and
refrigerant pipe lines are necessary to be provided, and

there is a problem of the high cost of equipment.

Further, one of the two systems is the equipment for
backing-up when outside temperature is high, so the
utilization factor of the equipment is low and accordingly

the investment efficiency is low.

Summary of the Invention
The present invention is made in light of the problems

of the prior art mentioned above, and the object is to provide
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a8 thermo-siphon chiller refrigerator for use in c¢old
districts by Jolning a compressor, bypass pilping, and
switching valves to a natural refrigerant-circulation
refrigerating system to enable the thermo-siphon chiller
refrigerator to perform a vapor compression refrigerating
cycle instead of a natural refrigerant-circulation cycle
utilizing a part of the piping Ffor the natural
refrigerant-circulation ¢y¢le when outside temperature is

high in summer.

The present invention proposes a thermo-siphon chiller
refrigerator for use in cold districts comprising an outdoor
heat exchanger functioning as a condenser, an indoor heat
exchanger functioning as an evaporator located at a position
lower than that of said outdoor heat eXchanger, & compressor,
and an expansion valve, characterized in that

& refrigerant vapor passage connecting said indoor heat

passages forminganatural circulation passage of refrigerant,
are provided to allow a thermo-siphon cycle, i.e. a natural
refrigerant-circulation cycle to be performed, and

a forced circulation passage of refrigerant with said
compressor disposed between said indoor heat exchanger and
outdoor heat exchanger is formed to allow a vapor compression
refrigerating cvycle to Dbe performed, whereby the

thermo-siphon chiller refrigerator can accommodate to both

high and low outside air temperatures.
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The above invention is constituted such that, a compressor
ls Jjoined to the conventional natural refrigerant
-~c¢irculation refrigerating systemcomprising an cutdoor heat
exchanger functioningas a condenser, an indoorheat exchanger
functioning as an evaporator and being located in a poslition
lower than that of the outdoor heat exchanger, and refrigerant
Piping, and the compressoxr is connected to the outdoor heat
exchanger and indoor heat exchanger to make it possible to
perform vapor compression cycle by switching the path of
refrigerant £low. When outside air temperature is highexr than
a4 predetermined temperature, the refrigerant-flow path is

switched to perform a vapor compression refrigerating cycle.

It is preferable in the present invention that said indoor
heat exchanger is of a £looded type evapeorator, an evaporation
Pressure adjusting valve 1s provided downstream from the
evaporator, and said outdoor heat exchanger is located so
that the refrigerant outlet thereof is positioned higher than
the liquid level of sailid flooded type evaporator.

The above invention defines that the indoor heat exchanger
used for the thermo-siphon chiller refrigerator is a flooded
type evaporator, and the evaporationpressure adjustingvalve
18 provided downstream from the evaporator in order to
accommodate to the change in outside air temperature. The
outdoor heat exchanger is positioned so that the condensed
refrigerant liquid level therein is higher than the ligquid
level in the flooded type evaporator to enable natural

circulation of the refrigerant.
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It is preferable that said outdoor heat exchanger is of

& alr-cooled type condenser provided with a cooling fan of

whilch the rotation speediscontrolled bymeans of an inverter.

That 1s, the outdoor heat exchanger used in the
thermo-siphon chiller refrigerator is preferable to be an
air-cooled condenser with a cooling fan of which the rotation
speed can be controlled by an inverter motor in order to

Secure proper cooling ability of the condenser regardless

of the change in outside air temperature.

In the invention, an evaporation pressure adjusting valve

ls provided downstream from the indoor heat exchanger to

adjust evaporationpressure in accordance with the variation

of outside air temperature.

It is preferable in the invention that, the natural
circulatlion passage of refrigerant consists of a refrigerant
vapor passageof largerdiameter(thickpipe) andarefrigerant
liguid passage of smaller diameter(thin pipe). the forced
circulation passage of refrigerant consists of a refrigerant
vapor passage malnly consisting of said smaller diameter
passage and & refrigerant liquid passage mainly consisting

of sald larger diameter passage, and the pas sages are combined

by means of bypass passages.

According to the above invention, when operated by anatural
refrigerant-circulationcycle, refrigerant gas flows through
the thick pipe(larger diameter passage) and refrigerant
liguid flows through the thin pipe(smaller diameter passage)
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in order to eliminate the influence of flow resistance in
the natural refrigerant-circ¢ulation, and when operated by
4 vapor compression cycle(forced refrigerant-circulation
cycle), refrigerant gas flows mainly through the thin pipe
and refrigerant liquid £lows mainly through the thick pipe.
Therefore, lubricating oil accompanies the refrigerant gas
flowing with large velocity in the thin pipe toward the
condenser when the vapor compression refrigerating cycle is

performed, and the lubricating oil c¢an be returned to the
compressor to ensure smooth operation of the compressor. The

passages are connected by bhypass passages.

Brlef Description of the Drawings

FIG.l1 1s an dillustration showing the schematic
configuration of the thermo-siphon chiller refrigerator for
use in cold districts according to the present invenfion.

FIG.2 1s an illustration showing the schematic
configuration of the conventional vapor compression
refrigerating equipment.

FIG.3 1s an illustration showing the first embodiment of
thenatural refrigerant-circulationchiller of the priorart.

F1G.4 1s an lllustration showing the second embodiment
of the natural refrigerant-circulation chiller of the prior
art.

FIG.5 1s an l1llustration showing the third embodiment of

the natural refrigerant-cixculation chiller of the priorart.

Detalled Description of the Preferred Embodiments

A preferred embodiment of the present invention will now

be detailed with reference to the accompanying drawings. It

10
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i1s intended, however, that unless particularly specified,
dimensions, materials, relative positions and so forth of
the constituent parts in the embodiments shall be interpreted
as illustrative only not as limitative of the scope of the

present invention.

FIG.1 is an illustration showing the schematic
configuration of the thermeo-siphon chiller refrigerator £for

use in ¢old districts according to the present invention.

The thermo-siphon chiller refrigerator for use in cold
districts of the pregent invention constitutes, as shown in
FIG.l, anaturalrefrigerant-circulationrefrigeratingcycle
and a forced refrigerant-circulation refrigerating cycle
(vapor comprassion refrigerating cycle), which can supply
cold air of 7 T when atmospheric temperature rises over a
predetermined value in summer by the operation of the vapor

compression refrigerating cycle,

The thermo-siphon chiller refrigerator consists of a
compressor 10 additionally installed toanatural refrigerant
~-circulation refrigerating system comprising an outdoor heat
exchanger 12 functioningas analr-cooledcondenser, an indoor
heat exchanger 11 functioning as an evaporator located at
a position lower than that of the outdoor heat exchanger 12,
and an expansion valve 18 and performs a vapor compression
refrigerating cycle by driving sald additional compressor
when outside air temperature is high and the refrigerating

capacity of the natural refrigerant-cilixculation

refrigerating cycle 1is not sufficilent.

11
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Salid natural refrigerant-circulation refrigerating cycle
1ls made through an outdoor heat exchanger 12 which is an
air-cooled condenser, an indoor heat. exchanger 11 which is
a flooded type evaporator located at a position lower than
that of the outdoor heat exchanger 12, an exXpanslon valve
18, a evaporation pressure adjusting'valve 17, switching
valves 13, 14, 15, 16, and thick Pipes(pipes larger in
diameter) 2la, 21b, 2lc, 21d (the diagonally shaded areas
in FIG.1l), and thin pipes(pipes smaller in diameter) 25c,
25a, 25b, 25e, 25f, 25g (the so0lid lines in FIG.1l)., the
refrigerant flowing in the direction shown by arrows with
broken line. Cold air of 7 T cooled in the indoor heat

eXchanger by the evaporation therein of the refrigerant is
supplied to the room.

The liquid refrigerant condensed in the outdoor heat
exchanger 12 by the cooling by outside air flows down to the
indoor heat exchanger 11 by gravitation through the thin pipes
25¢, 25b, 25b, 25e, 25f, and 25g, and the refrigerant vapor
produced by evaporation in the indoor heat exchanger 11 £flows
up to the outdoor heat exchanger 12 through the thick pipes
2la, 21b, 21¢, 21d overcoming the flow resistance in the pipes
by the pressure difference between the evaporator side

pressure and condenser side pressure, thus the refrigerant

circulates naturally.

The evaporation pressure adjusting valve 17 is located
downstream from the indoor heat exXchanger 11, the valve being

controlled to adjust the pressure in the evaporator in

12

¥ L . N M =20 K g ST ISP A VAR TN w0 ceile Tea b s il ae aee deele s R = e e——e e s a5 =
et i P AV WMMWWWMW



CA 02485757 2004-11-12

accordance with the change in outrside air temperature. The
condensing capacity of the air-cooled condenser is properly
secured regardless of outside air temperature through

¢ontrolling the rotation speed of the cooling f£an of the

condenser by an inverter motor.

Said natural refrigerant-circulation refrigerating cyvcle
is switched to sald vapor compression refrigerating cycle
when the refrigeration by the natural refrigerant
~circulationrefrigeratingcycle is deficient because of high
outslide alr temperature in summer. The vapor compression
refrigerating cycle ismade through the additional compressor
10, outdoor heat exchanger 12, expansion valve 18, indoor
heat exchanger 11, switching valves 16, 14, 15, 13, thin pipes
25h, 25b, thick pipes 214, thin pipe 25c¢, thick pipe 2lc,
and thin pipes 25f, 25y, the refrigerant flowing in the
direction indicated by arrows with solid line. Cold air of
7 T cooled in the indoor heat exchanger by the evaporation

therein of the refrigerant is supplied to the room.

In the operation of vapor compression refrigerating cycle,
the refrigerant gas produced by the evaporation of the
refrigerant in the indoor heat exchanger 11 is compressed
by the compressor 10 to high-pressure, high-temperature
refrigerant gas to be fed under pressure from the compressor
10 to the outdoor heat exchanger 12 through the thin pipe
25h, swilitching valve 16, thin pipe 25b, switching valve 14,

and thick pipe 21d, and condensed in the alr-~cooled condenser.

The condensed liguld refrigerant flows to the indoor heat

13
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exchanger 1l which 1s a flooded type evaporator through the
thin pipe 25¢, switching valve 15, thick pipe 21c, switching
valve 13, thin pipe 25f, expansion valve 18, and thin pipe

25g to be evaporated there to ¢ool the room air to 7 T.

When using said compressor 10, only the thin pipe 25h is
necessary Lo be added to the natural refriqgerant-circulation
piping. The feeding of the refrigerant gas under pressure
from the compressor 10 to the outdoor heat exchanger 12 is
done by way of the thin pipe 25h, switching valve 16, thin
pipe 25b, switching valve 14, and thick pipe 214. Ludbrication
oil accompanles the refrigerant gas flowing with large
velocity in the thin pipe toward the air-cooled condenser,
then the oll flows down together with the liquid refrigerant
to the evaporator by gravitation owing to the head drop from

the condenser to the evaporator.

Effects of the Invention

The present invention provides an energy-saving and
low-cost thermo-siphon chiller refrigerator for use in cold
Aistricts by joining a compressor, bypass piping, and
switching wvalves to a natural refrigerant-circulation
refrigerating system to enable the thermo-siphon chiller
refrigerator to perform a vapor compression refrigerating
cycle instead of a natural refrigerant-circulation cycle,
utilizing a part of the piping for the natural
refrigerant-circulation cycle, when outside temperature

18 high 1n summer.

14
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WHAT IS CLAIMED IS

l.- A thermo-siphon chiller refrigerator for use in cold
districts comprising an outdoor heat exchanger functioning
as a condenser, an lndoor heat exchanger functioning as an
evaporator located at a position lower than that of said
ocutdoor heat exchanger, a compressor, and an expansion valve,
whareiln

a refrigerant vapor passage connecting said indoor heat
exchanger to said outdoor heat exchanger and a refrigerant
ligquid passage connecting said outdoor heat exchanger 0 said
indoor heat exchanger by way of said expansion valve, these
passages forming anatural clrculation passage of refrigerant,
are provided to allow a thermo-siphon cycle, i.e. a natural
refrigerant-¢circulation cycie to be performed, and

a forced circulation passage of refrigerant with said
compressor disposed between said indoor heat exchanger and
outdoor heat exchanger is formed to allow a vapor compression
refrigerating cycle to be performed, wherehy +the
thermo-siphon chillexr refrigerator ¢can accommodate to both
high and low outside ailr Yemperatures.
2. The thermo-siphon chiller refrigerator for use in cold
districts ac¢cording to ¢laim 1, wherein said indoor heat
exchanger is of a f£looded type evaporator, an evaporation
pressure adjusting valve is provided downstream from the
evaporator, and said outdoor heat exchanger is located so
that the refrigerant outlet thereof is positlioned higher than
the liquid level of sald flooded type evaporator.

3. The thermo-siphon chiller refrigerator for use in cold

districts according to c¢laim 1, wherein said outdoor heat

15

S 0 A Cy 17 T Pt b M VG B ATt V) TRV S Skt 2t P AT R SIS > A St 25A T A TAL 1At A 4P | bR At MMM TN | - 11 S TNELETURRRT S SOt it I ol e bt b P ot T b A b Wl a1 120 A2IT R e b S dm e



CA 02485757 2004-11-12

axchanger 1s of a air-cooled type condenser provided with
a cooling fan of which the rotation speed ig c¢ontrolled by
means of an lnverter,

4. The thermo-siphon chillexr refrigerator for use in cold
districts according to claim 2., wherein said evaporation
pressure adjusting valve adjusts evaporation pressure in
accordancewith the variation of the atmospheric temperature.
5. The thermo-siphon c¢hiller refrigerator for use in cold
districts according t¢ claim 2, wherein said natural
circulatlion passage of refrligerant consists ¢of arefrigerant
vapor passage of larger dlameter(thickpipe) andarefrigerant
liquid passage of smaller diameter(thin pipe), said forced
circulation passage of refrigerant consists of a refrigerant
vapor passage mainly consisting of saild smaller dlameter
passage and a refrigerant liquid passage mainly consisting

of said larger diameter passage, and the passages are combined

by means of bypass passages.

16
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