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REFRI GERATOR TECHNI CAL FI ELD The present invention relates an evaporator
for cooling a fluid to be cooled (for exanple, water, brine and the |ike)
by neaﬂ@ogg&%ébt exchange processes occurring between tRe#PU{0§62nd a
cooling nedium and to a refrigerator having the evaporator. BACKGROUND
ART In a |large-scale architectural structures, such as buildings, room
cooling is carried out by prodDESGRIRDIOGNwat er using a refrigerator and
circulating the cold water through the piping installed inside the
bui | di ng, and cooling the room by heat exchange with the room air. An

exanpl e of evapor at or s gRRPAELFORMARD’ meFofgs shown in Figure 6.
y

Such an evaporator is conprised of a cylindrical container 1 for admtting
a cooling nedium and containing nunerous heat conducting tubes 2 bundl ed

in a zigzag fashion for HOWW %3—:}%13- ter. Heat exchanger tubes 2 are
divided into a tube group-a c Car; th a cold water entry opening
3, two tube g giREnribver h&3hbdishol R LAY a TRAIRESS oﬁém;'f&ted in
t he di agram provi elav%nr?%lelgc eﬁg o%ﬁc{} 8 cont afuﬁée? 1, and %?tub group-d
conmuexamplegates, hiina and the lile) by nezens oHhenn exchadgd propcadsenvohenngf tubes are

provided in_ each group), so that the cold water fJowng fromthe cold
vat er wwﬁ&p@waﬁgdg cppmmeémegﬂ to pEeipgeratas hatinedhe 6YARORRIRT- one wat er

chanber and then reverses the flow through the tube group-b to enter
ot her water chanber and reverses the flow for the second tine through the
tube group-c to reach the ot BACHGROUNPaABEr ~and reverses the flow for
the " hird LG Lo ovon Lhe LUPS 919UP Lt & Nl 850 LOMAE cgold vater

out by producing cold water using a refrigerator and circulating the cold water through the

piping installed inside the building, and cooling the room by heat exchange with the room

air.

An example of evaporators provided in a refrigerator is shown in Figure 6.

Such an evaporator is comprised of a cylindrical container 1 for admitting a cooling

medium, and containing numerous heat conducting tubes 2 bundled in a zigzag fashion for

flowing the cold water.

Heat exchanger tubes 2 are divided into a tube group-a communicating with a
cold water entry opening 3, two tube groups -b, -c communicating the water chambers
(omitted in the diagram) provided on each end of the container 1, and a tube group-d
' communicating with a cold water exit opening 4 (equal number of tubes are provided in

each group), so that the cold water flowing from the cold water entry opening 3 flows

through the tube group-a to reach one water chamber and then reverses the flow through

the tube group-b to enter other water chamber and reverses the flow for the second time

through the tube group-c to reach the other water chamber and reverses the flow for the

third time through the tube group-d to discharge from the cold water exit opening 4. The

cold water flows through the tube groups and travels the distance of the container 1 twice,

and in the process, it exchanges heat with the cooling medium and is cooled by the cooling

medium introduced into the container 1 through a different path. On the other hand, the

cooling medium are heated by the cold water to boil and vaporize.

However, the evaporators having such a structure present the following problems.

(1) In the conventional evaporators, the number of heat exchanger tubes within
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medi umbeSor&i®. |, so that heat conduction rate is inproved even in the
downstream t ube groups. According to aspect two of the evaporator, the
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vicinity of the upstream tubes to an extent to increase the void factor to impede heat
exchange between the liquid phase of the cooling medium and cold water, resulting that
heat conduction rate is reduced even in the upstream tube groups.

(3) In the upstream tube groups, the vapor/liquid interface (frost level, or more
accurately, an interface between the vapors of the cooling medium and a vapor/liquid
two-phase mixture) is raised, while in the downstream tube groups, affected by the rise in
the vapor/liquid interface in the upstream tube groups, the vapor/liquid interface is
lowered. Therefore, if the height of the heat exchanger tubes in the uppermost stage of
each tube group are the same, the heat exchanger tubes in the uppermost stage of the
downstream tube groups are exposed to vapor phase of the cooling medium, thereby

impeding heat exchange between the cooling medium and the cold water, to result in

reducing the heat conduction rate even in the downstream tube groups.

DISCLOSURE OF INVENTION
The present invention is provided in view of the background information
presented above, and an object is to provide a refrigerator having a high cooling efficiency
by increasing the heat conduction rate in the evaporator.
An evaporator and a refrigerator having the following structures are provided as
means for achieving the object. That is, an evaporator is comprised by disposing in a

container for admitting a cooling medium a plurality of heat exchanger tubes in bundles
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is less than a number of heat exchanger tubes belonging to an upstream side. .

In the above evaporator, by reducing the number of heat exchanger tubes
belonging to the downstream side relative to the number of heat exchanger tubes
belonging to the upstream side, the total cross sectional area of the heat exchanger tubes
becomes small to cause an increase in the flow speed of the fluid to be cooled, so that the
heat flux is increased as in the basic version of the evaporator, and it becomes possible to
improve heat conduction rate even in the downstream tube groups.

According to aspect three of the evaporator, in an evaporator comprised by
disposing in a container for admitting a cooling medium a plurality of heat exchanger
tubes in bundles for flowing a fluid to be cooled, a separation distance between heat
exchanger tubes at a given location in a flow passage of the fluid to be cooled is selected
such that an upstream tube separation distance is comparatively wider than a downstream
tube separation distance.

In the above evaporator, by widening the separation distance between the tubes in
the upstream side of the flow direction of the fluid to be cooled, it becomes easier for the
vapors of the cooling medium to rise among the heat exchanger tubes to facilitate heat
exchange between the liquid phase of the cooling medium and the cold water so that the
heat conduction rate is improved in the upstream side of the flow passage.

According to aspect four of the evaporator, the plurality of heat exchanger tubes

are comprised by tubes having a common diameter, and the plurality of heat exchanger
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In the above evaporator, by arranging the heat exchanger tubes in the uppermost
stage of each tube group in such a way that the upstream side tubes are successively
higher than the downstream side tubes, even if the level of vapor/liquid interface in the
upstream side rises to cause lowering of the vapor/liquid interface level in the downstream
side, there is no danger that the uppermost tubes will be exposed in the vapor phase of the
cooling medium. Therefore, heat exchange between the liquid phase of the cooling
medium and the cold water is facilitated, so that the heat conduction rate is improved even
in the tube groups in the downstream side.

The refrigerator of the present invention is comprised by: the basic evaporator or
an evaporator that includes any of aspects two to five; a compressor for compressing a
vaporized cooling medium; a condenser for condensing and liquefying a compressed
cooling medium in a vaporized state; and an expansion valve for reducing a pressure of
the cooling medium during a process of flowing a liquefied cooling medium to the
evaporator. :

In the above refrigerator, heat conduction rates through the heat exchanger tubes
in the evaporator are improved as described above, thereby improving the heat exchange
efficiency and resulting in achieving a level of performance equivalent to that of the

conventional refrigerator, even if the energy consumption is reduced.
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Figure 1 is a schematic diagramof a refrigerator in a first ent%odi ment of
the pMER&KH#8# hyvention. Figure 2 is a cross sectional viBwWH/dPOI4H62S

evaporator seen through a plane I1-15in Figure 1. Figure'3 is a cross
sectional view of an evaporator in a second enbodinent. Figure 4 is a

di agramto show positioning of the heat exchanger tubes inside the
evaporator. Figure 5 is a cross sectional view of an evaporator in a third
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Figure 5 is a cross sectional view of an evaporator in a third embodiment.

Figure 6 is a cross sectional view of a conventional evaporator provided in a

refrigerator.

BEST MODE FOR CARRYING OUT THE INVENTION

An evaporator and a refrigerator in a first embodiment will be explained with
reference to Figures | and 2.

A schematic view of the structure of the refrigerator is shown in Figure 1. The
refrigerator shown in Figure 1 is comprised by: a condenser 10 for condensing and
liquefying a cooling medium by heat exchange between spent water and vapor state
cooling medium; an expansion valve 11 for reducing the pressure of the condensed

~ cooling medium; an evaporator 12 for cooling the cold water by heat exchange between
the condensed cooling medium and the cold water (fluid to be cooled), and for vaporizing
the cooling medium; and a compressor 13 for compressing the vaporized cooling medium
and supplying the compressed cooling medium to the condenser. The refrigerator
produces cold water by means of the evaporator 12, and uses the cold water for air
conditioning and the like for buildings.

The evaporator 12 is constructed such that numerous heat exchanger tubes 15 are
bundled inside a cylindrical container 14 (simplified arrangement is shown in Figure 1),
along the longitudinal direction of the container 14 in which a cooling medium is
circulated.

Figure 2 shows a cross sectional view of the evaporator 12. Heat exchanger
tubes 15 are made of metal tubes having a common diameter, and are disposed inside 1 a

zigzag pattern.  Also, the heat exchanger tubes 15 are grouped into four tube groups A to
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through the interior of the container 14. A feature of the evaporator 12
i n t hi sommpaeatesmwith¢he erld vates exitrapering fl 7raedhat the cold water flows twice

through the interior of the container 14.

A feature of the evaporator 12 in this embodiment is that the number of heat
exchanger tubes 15 belonging to group D, which are in the downstream side of the flow
passage of the cold water, is made less than any of heat exchanger tubes 15 belonging to
tube groups A to C.

Also, in the evaporator 12 in this embodiment, the difference in the number of
heat exchanger tubes 15 belonging to tube group D and those in other tube groups is
allotted to tube group A such that the number of heat exchanger tubes 15 belonging to
tube group A is increased, but the total number of heat exchanger tubes 15 is kept the
same as that in the conventional evaporator.

In the evaporator 12 constructed in such a manner, allotment of heat exchanger
tubes 15 belonging to tube groups A to D is altered such that the number of heat
exchanger tubes 15 in tube group D is decreased while the number of heat exchanger tubes
15 in tube group A is increased so that, when the total cross sectional areas of the flow
passages in the heat exchanger tubes 15 are compared, the flow area in the downstream
side tubes is less than that of the upstream side tubes in the flow passage.

' Because the flow volume of the cold water is essentially unchanged in the
upstream or downstream side, the result is that the flow speed in the downstream side of
the flow passage is faster than that in the upstream side of the flow passage, so that even in
the downstream side where the temperature differential is small, the heat flux 1s increased

to result in improved rate of heat conduction.
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number of heat exchanger tubes 15 in this embodiment, however, it can be expected that
similar effects can be obtained by reducing the diameter of heat exchanger tubes 15 while
leaving the number unchanged.

Additionally, it is clear that various other shapes can be adopted for heat
exchanger tubes 15 such as dimpled tubing or fin tubing.

Next, a second embodiment of the present invention will be explained with
reference to Figures 3 and 4. Those parts in the second embodiment that are the same as
those in the first embodiment are referred to by the same reference numerals, and their
explanations are omitted.

Figure 3 shows a cross sectional view of an evaporator 12.  Similar to the first

embodiment, tubes of a common diameter are used for heat exchanger tubes 15, and they
are divided into four tube groups E to H, and the water chamber (omitted from the
diagram) provided at each end of the container 14 is subdivided into sections so that the
flow passage of the cold water weaves successively through the tube grbups Eto H.
‘ A feature of the evaporator 12 in the second embodiment is that the separation
distance between heat exchanger tubes 15 in tube group E, which is located in the
upstream side of the flow passage, is increased compared to heat exchanger tubes in other
tube groups F to H. As shown in Figure 4, the separation distance between heat
exchanger tubes 15 is expressed as 1.15D, where d is the diameter of heat exchanger tube
15, in the tube groups F to H, but it is in a range of 1.2D to 1.5D in the tube group E.

Also, in the evaporator 12 in this embodiment, accompanying the increase in the

separation distance between heat exchanger tubes 15 in tube group E, the overall tube
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E 10 rise among the heat exchanger tubes 15 more readily. Accordingly, the bubbles of the
cooling medium that congregated by clinging about the heat exchanger tubes 15 can now
float through between the heat exchanger tubes 15, thus reducing the number of bubbles
clinging to the outer periphery of the heat exchanger tubes 15 to facilitate heat exchange
between the liquid phase of the cooling medium and the cold water flowing inside the heat
exchanger tubes .15, and thereby improving the heat conduction even in the tube group F.

Further, regarding the refrigerator 12, cooling efficiency is increased by adopting
the structure described above for the refrigerator 12 to increase heat conduction rate.

Heat exchanger tubes are divided into four tube groups in this embodiment, but it
is permissible to divide the tubes into a smaller number of tube groups or conversely in a
larger number of tube groups, depending on the size of the evaporator itself or the
performance demanded of the evaporator. Further, although the separation distance of
heat exchanger tubes 15 was increased only for those tubes belonging to the tube group E,
it is permissible to increase the separation distance of heat exchanger tubes 15
successively through the tube groups E to H such that the separation distance is wider in
the tube groups in upstream side and is narrower in the tube groups in the downstream
side. '

Also, the separation distance of heat exchanger tubes 15 in the tube group E 1s
chosen in a range of 1.2D to 1.5D, but it is not necessary to limit to this range, and other
suitable valves may be chosen depending on various conditions required of the evaporator
itself or refrigerator. However, when it is necessary to raise the level of the tube groups
resulting from increasing the separation distance, it should be noted that it is necessary to
secure a space sufficient for installing a de-mister (omitted from the diagram) to rermove
the liquid component from the container 14. '

Next, a third embodiment of the present invention will be explained with
reference to Figures 5. Those parts in the third embodiment that are the same as those in
the previous embodiments are referred to by the same reference numerals, and their
explanations are omitted.

Figure 5 shows a cross sectional view of an evaporator 12, Similar to the first
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15 or to increase the nunber of heat exchanger tubes 15. As descri bed
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the highest location within the respective tube group, and the locations of the uppermost
heat exchanger tubes 15 in the tube groups E to H in the upstream side are higher than
those in the downstream side. In such an arrangement, even if the vapor/liquid interface »
in each tube group (F, G, H) is lowered, as a result of a rise in the elevation of the
vapor/liquid interface in the tube group E in the upstream side, heat exchanger tubes 15 in
the uppermost stagé are not exposed in the vapor phase of the cooling medium.
~ Accordingly, heat exchange between the liquid phase of the cooling medium and the cold
 water is facilitated so that heat conduction in each tube group is improved even in the
downstream side.
Further, regarding the refrigerator 12, cooling efficiency is increased by adopting
the structure described above for the refrigerator 12 to increase heat conduction rate.
To elevate the location of heat exchanger tubes 15 in the uppermost stage in each
of the tube groups E to H, it is permissible to increase the separation distance of heat
exchanger tubes 15 or to increase the number of heat exchanger tubes 15.
As described above, according to the present evaporator, by reducing the total
cross sectional area of the heat exchanger tubes in the downstream side of the flow
passage of the fluid to be cooled (object td be cooled), the flow speed of the fluid to be
cooled in the downstream side of the flow passage is increased so that the heat flux is

increased even though the temperature differential between the fluid to be cooled and the



passage of the fluid to be cool ed (object to be cooled), the fl oy §peaels of
the fluid to be cooled in the downstream side of the flow passage is

i ncrease@ eRstishat the heat flux is increased even thoughedhgoiesgmer at ure
differential between the fluid to be oled and the O 7 NOV 2005 WD
01/81841 PCT/JPOL/ 03625 10 cold water is small. Accordingly, heat

conduct i rate i s inproveq even in the, K downstream tube groups. According
to as pé@f‘{1’t"ﬂi§f &f SDE“HL e‘%‘%ﬁ%&l&gm Eeaéﬁori‘dé‘ﬂﬁ%? Fie %SH@PF&W&V%% W%@ at exchanger
t ubes %I\,@,@ggﬁg%&. %ﬁ&ﬁ downstream side relative to the nunber of heat
exchanger tubes Dbel nang to the upstream side, the total cross sectional
area of the heatordiegdhaspget twabithe beaporater, byredducing thangebenofiheetr ease in
the flow speed. of e fluid to be cooled, even though. the.tepperature

G Tt or GRERAREoBRS brSPEBE LD Hhe A BETR Bl s rR o HEROBF Stedba: 03111 1 s

low, ' ebidpgtr b€ bbidndihl 'ﬂ_%(glﬁe dpstreafn ¥idk! the tdthl drdsslsectional Bfeh @@ 8RCheat

inerel Ore, it becones possible to inprove heat conduction rate even in the
downst rezalmngebibgs beganes/Asomadl tdicaysetan ingpasetin the fiew speedrd the/lpidrtatber , by

wi denin e separat.i on di stance .. bet n the tubes jn the, upstream side
of "t he WPplsth SReraBe VO R Re AR Ao LB e Thtd I e RRET For
the vaparBn®ciifn cOoRk, B HRARMNdAckiet. aTRAGIIrEt PE&Rdmepolanges tubes
to facilitate heat exchange between the |iquid phase of the cooling nedium

and t hampowiecheatcardustion frig evdndntibadownstgamttilbsgnonps is i nproved in the
upstream side, of t.he flow . pass . Accor di to aspect four of. the

cvapor ator,  BycRrdiag g e PR pRoR & Bl RS rpePillontint ¢ he
t ube gmetifgenithe hitRs i el @affesh dRleloE R MR directidheofithdAGid tD YelkBoledie  gr oups
in the downstream side, it becomes easier for the vapors of the cooling

medi umbegomes easicsdpiige vapom o4 theescoling geed uny tredse anangcthe heateachanger exchange
bet \Neer%uﬁe@%o !fzic%lﬂag: 194%?§)§change between the liquid phase of the cooling medium and the
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According to aspect four o;f the evaporator, by widening the separation distance
between the tubes in the tube groups in the upstream side relative to the tubes in the tube
groups in the downstream side, it becomes easier for the vapors of the cooling medium to
rise among the heat exchanger tubes to facilitate heat exchange between the liquid phase
of the cooling medium and the cold water so that the heat conduction rate is improved in
the tube groups in the upstream side.

According to aspect five of the evaporator, by arranging the heat exchanger tubes
in the uppermost stage of each tube group in such a way that the upstream side tubes are
successively higher than the downstream side tubes, even if the level of vapor/liquid
interface in the upstream side rises to cause lowering of the vapor/liquid interface level in
the downstream side, there is no danger that the uppermost tubes will be exposed in the
vapor phase of the cooling medium. Therefore, heat exchange between the liquid phase
of the cooling medium and the cold water is facilitated, so that the heat conduction rate is
mmproved even in the tube groups in the downstream side.

According to the refrigerator of the present invention, heat conduction rates
through the heat exchanger tubes in the evaporator are improved as described above,
thereby improving the heat exchange efficiency and resulting in achieving a level of

performance equivalent to the conventional refrigerator, even if the energy consumption is
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a plurality of heat exchanger tubes arranged in the container in a bundled
manner to forma flow passage through which a fluid to be coollddNG¥ #lE so
as to evaporate the cooling nedium byiheat exchange between the cooling
medium and the fluid to be cooled; wherein a total cross sectional area
of the heat exchanger tubes in a downstream section of the flow passage
is smaller than a total cross sectiqﬂg ngkea of the heat exchanger tubes
in an upstream section of the flow passage; and wherein the heat exchanger
tubes are arranged horizontally, and the position of uppernost heat
exchanger, tubes in the upstream section is higher than the position of
upper nostl- heatATESEREBEUCOMPISNE n t he downstream section. 2. An evaporat or

according to %lc%h{gﬁrge%i FS e doifi Pﬂeﬂﬁﬁ“s@aﬁagﬂfed%ﬁt exchanger tubes have
e

a comon di aneter, ow passage conprises t’he downstream section and
t he upstreamageadalinrof leatexchanger tdbes awingel én Heajontxed amg&undlad esmnner

bel onging to the upstrea sectjon is. larger th t he nunber of the heat
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manner fcoolkdym a fl ow passage through which a fluid to be cooled flows so

as to evaporate the copling nediym by _heat exchange hetween the cooling
medi um and théﬁ*_femvat?tal Hess %956@@3?1%@%%{ ARl (SRS RAQBPIREERY | na
downst r e3BRBUCRIGN g‘é&%gé | PRFBRAG 18k FeroSPREQShA bR F I hak her by a
first gap, and the heat eXchanger tubes In an upstream section of the

f1 ow passagengergubgsdoed upsivearesastionvhthe flnw passageonand gap bei ng | arger than
the first gap'wh%rgin %e%? Q)?changer tubes are arranged horizontally, and the position of
uppermost heat exchanger tubes in the upstream section is higher than the position of

uppermost heat exchanger tubes in the downstream section.

2. An evaporator according to claim 1, wherein the plurality of heat exchanger tubes
have a common diameter, the flow passage comprises the downstream section and the
upstream section, and the number of the heat exchanger tubes belonging to the upstream
section is larger than the number of the heat exchanger tubes belonging to the

downstream section.

3. An evaporator comprising:

a container in which a cooling medium is applied; and

a plurality of heat exchanger tubes arranged in the container in a bundled manner
to form a flow passage through which a fluid to be cooled flows so as to evaporate the
cooling medium by heat exchange between the cooling medium and the fluid to be
cooled;

wherein the heat exchanger tubes in a downstream section of the flow passage are
spaced from each other by a first gap, and the heat exchanger tubes in an upstream
section of the flow passage are spaced from each other by a second gap being larger than

the first gap.



13 4. An evaporator according to claim3, wherein the plurality(@Nohddls
exchanger tubes have a common dianeter. 5. An evaporator according to
claim 3, wherein the heat exchanger tupes are arranged horizontally, and
the position of uppernbst heat exchanger tubes in the wupstreamsection is
hi gher than the position of uppernost heat exchanger tubes in the

hi gher . | exchar )
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a condenseve aboramoadidegisies and | i quefies a conpressed cooling nediumin a
vapori zed state; and an expansion val ve which reduces a pressure of the
cooling nmediumduring a process of flowng a |iquefied cooling nediumto

the evaparat Oran evaporator according to claim 3, wherein the heat exchanger tubes are
arranged horizontally, and the position of uppermost heat exchanger tubes in the
upstream section is higher than the position of uppermost heat exchanger tubes in the

downstream section.

6. A refrigerator comprising:

an evaporator according to claim 1 or 3;

a compressor which compresses a vaporized cooling medium;

a condenser which condenses and liquefies a compressed cooling medium in a
vaporized state; and

an expansion valve which reduces a pressure of the cooling medium during a

process of flowing a liquefied cooling medium to the evaporator.





