
[Document Name] DESCRIPTION 

[Title of  Invention] COOLING DEVICE AND REFRIGERANT RELAY 

DEVICE 

[Technical Field] 

 [0001]  5 

 The present invention relates to a cooling device or the like and 

particularly relates to a cooling device or the like that, for example,  cools a 

heating element by circulating refrigerant between an evaporator and a 

condenser.  

[Background Art]  10 

 [0002]  

 In recent years,  the role of data centers where servers and network 

devices for performing information processing are installed at a single 

place has increased due to expansion of Internet services and the like.  In 

conjunction with an increase in the amount of information processed in 15 

data centers, power consumption at data centers has also increased. 

 [0003]  

 In particular,  electric power that air conditioners for cooling 

electronic devices,  such as servers,  consume constitutes a large part of the 

power consumption in a data center.   For this reason, a reduction in the 20 

power consumption of air conditioners in a data center is required.   In 

addition,  application of a method in which emitted heat from electronic 

devices is  transported directly to outdoors and radiated to outside air has 

been attempted. 

 [0004]  25 

 As a method for transporting emitted heat from electronic devices,  

a method of using a phase change phenomenon of refrigerant is known.   

The method uses latent heat on the occasion of phase changes of refrigerant 

between a liquid-phase and a gas-phase because of a cycle between the 
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evaporation and condensation of the refrigerant and has a characteristic in 

that the amount of heat transport is large.   For this reason, the method of 

using the phase change phenomenon of refrigerant is expected to be 

effective for a reduction in the power consumption of air conditioners in a 

data center. 5 

 [0005]  

 An example of a cooling device using such a phase change 

phenomenon of refrigerant is disclosed in PTL 1.  

 [0006]  

 A technology described in PTL 1 cools heat from a heating element 10 

35 by circulating refrigerant between a boiling cooler 15 (equivalent to an 

evaporator) and a condenser 30.   In addition,  a gas-liquid separator 20 is 

connected to the boiling cooler 15 and the condenser 30.  

 [0007]  

 Liquid-phase refrigerant (liquid refrigerant) and gas-phase 15 

refrigerant (refrigerant vapor) flow into the gas-liquid separator 20 from 

the boiling cooler 15.   The gas-liquid separator 20 allows liquid-phase 

refrigerant to f low out to the boiling cooler 15 via a return passage 23.   

The gas-liquid separator 20 also allows gas-phase refrigerant to flow out to 

the condenser 30 via a second cooler 25.  20 

 [0008]  

 The gas-liquid separator 20 includes a float valve 21 for opening 

and closing the return passage 23.   While a sufficient amount of 

liquid-phase refrigerant is retained in the gas-l iquid separator 20,  the float 

valve 21 opens the return passage 23 by means of the buoyancy of the 25 

liquid-phase refrigerant.   On the other hand, when all  l iquid-phase 

refrigerant in the gas-liquid separator 20 has flowed out,  the float valve 21 

closes the return passage 23 by means of the gravity of the float valve 21 

itself .  This mechanism prevents gas-phase refrigerant in the gas-l iquid 
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separator 20 from flowing into the return passage 23.  

 [0009]  

 Note that other technologies related to the present invention are 

also disclosed in,  for example, PTLs 2 to 4.  

[Citation List]  5 

[Patent Literature]  

 [0010]  

  [PTL 1] JP 2004-349551 A 

  [PTL 2] WO 2015/072128 A 

  [PTL 3] JP 2014-122782 A 10 

  [PTL 4] JP 08-145385 A 

[Summary of Invention] 

[Technical Problem] 

 [0011]  

 However,  there is a possibility that,  depending on the pressure of 15 

gas-phase refrigerant flowing into the gas-liquid separator 20 from the 

boiling cooler 15,  the float valve 21 is f loated up and the return passage 23 

is  unexpectedly opened.  If the return passage 23 is opened when all 

liquid-phase refrigerant in the gas-liquid separator 20 has flowed out, 

gas-phase refrigerant  unexpectedly flows into the boiling cooler 15 via the 20 

return passage 23.   There has been a problem in that,  as a result of  the 

above behavior,  cooling efficiency of the heating element 35 is reduced. 

 [0012]  

 An object of  the present invention is to provide a cooling device etc. 

that enables heat from a heating element to be cooled efficiently.  25 

[Solution to Problem] 

 [0013]  

 A cooling device of the present invention includes: an evaporator 

that,  upon receiving heat from a heating element, evaporates liquid-phase 
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refrigerant retained internally by means of the heat of the heating element 

and allows gas-phase refrigerant to f low out; a condenser that condenses 

the gas-phase refrigerant flowing out of the evaporator and allows 

liquid-phase refrigerant to f low out; and a refrigerant relay device that is 

connected to the evaporator and the condenser,  retains the gas-phase 5 

refrigerant flowing out of the evaporator and, in conjunction therewith,  

allows the gas-phase refrigerant to f low out to the condenser,  and retains 

the liquid-phase refrigerant f lowing out of the condenser and, in 

conjunction therewith,  allows the liquid-phase refrigerant to flow out to 

the evaporator,  wherein the refrigerant relay device includes: a casing that 10 

retains the liquid-phase refrigerant and the gas-phase refrigerant; a 

refrigerant inflow opening that allows the liquid-phase refrigerant flowing 

out of the condenser to flow into the casing therethrough; a refrigerant 

outflow opening that  allows the gas-phase refrigerant retained inside the 

casing to flow out to the condenser therethrough; and a refrigerant inflow 15 

piping one end part of which is connected to the refrigerant inflow opening,  

at the other end part of which an opening part is formed, and that allows 

the liquid-phase refrigerant f lowing into the refrigerant inflow opening to 

flow into the casing from the opening, and the opening part is  disposed so 

as to face a bottom part of the casing.  20 

 [0014]  

 A refrigerant relay device of the present invention includes: a 

casing that retains liquid-phase refrigerant and gas-phase refrigerant; a 

refrigerant inflow opening that allows the liquid-phase refrigerant to f low 

into the casing therethrough; a refrigerant outflow opening that allows the 25 

gas-phase refrigerant to flow out of  the casing therethrough; and a 

refrigerant inflow piping one end part  of which is connected to the 

refrigerant inflow opening, at the other end part of which an opening part 

is  formed, and that allows the liquid-phase refrigerant flowing into the 
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refrigerant inflow opening to f low into the casing from the opening part,  

wherein the opening part is disposed so as to face a bottom part of the 

casing.  

[Advantageous Effects of Invention] 

 [0015]  5 

 A cooling device or the like according to the present invention 

enables heat from a heating element to be cooled efficiently.  

[Brief Description of  Drawings] 

 [0016]  

 [Fig.  1] Fig.  1 is a cross-sectional view illustrating a configuration 10 

of a refrigerant relay device in an example embodiment of  the present 

invention;  

 [Fig.  2] Fig.  2 is  an exploded cross-sect ional view illustrating the 

configuration of the refrigerant relay device in the example embodiment of 

the present invention in an exploded manner;  15 

 [Fig.  3]  Fig.  3 is a diagram illustrating an outline of a configuration 

of a cooling device in the example embodiment of  the present invention;  

 [Fig.  4]  Fig. 4 is an external perspective view illustrating the 

configuration of the cooling device in the example embodiment of the 

present invention; 20 

 [Fig.  5]  Fig. 5 is an external perspective view illustrating the 

configuration of the refrigerant relay device in the example embodiment of 

the present invention; 

 [Fig.  6] Fig.  6 is a cross-sectional  view illustrating the 

configuration of the refrigerant relay device in the example embodiment of 25 

the present invention; 

 [Fig.  7]  Fig.  7 is a cross-sectional view illustrating another 

configuration of the refrigerant relay device in the example embodiment of 

the present invention; and 
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 [Fig.  8] Fig.  8 is a top view illustrating still  another configuration 

of the refrigerant relay device in the example embodiment of the present 

invention.  

[Description of Embodiments]  

 [0017]  5 

<Example Embodiment> 

 A configuration of a cooling device 1000 in an example 

embodiment of  the present invention will  be described. 

 [0018]  

 Fig.  1 is a cross-sectional view illustrating a configuration of a 10 

refrigerant relay device 1300 in the example embodiment of  the present 

invention.   Fig.  1 illustrates a cross-sectional view of the refrigerant 

relay device 1300 taken along a cross section including a central line CL1 

of the refrigerant re lay device 1300 illustrated in Fig.  4 and extending 

along the vert ical direction G.  Fig.  2 is  an exploded cross-sectional view 15 

il lustrating the configuration of the refrigerant relay device 1300 in an 

exploded manner.   Fig.  2 illustrates the configuration of the refrigerant 

relay device 1300 sectioned along a cross section corresponding to the 

cross section in Fig.  1 in an exploded manner.   In Figs.  1 and 2,  the 

configuration of the refrigerant relay device 1300 is il lustrated with a 20 

middle part of  the refrigerant relay device 1300 omitted for convenience.  

 [0019]  

 Fig.  3 is a diagram i llustrating an outline of a configuration of the 

cooling device 1000.  Fig.  4 is an external perspective view illustrating 

the configuration of  the cooling device 1000.  Note that,  in Fig.  4,  an 25 

example in which four racks 1100 in Fig.  3 are placed is il lustrated.   In 

addition,  in Fig.  4, an example in which evaporators 1200, which are 

mounted on the respective racks 1100, are connected to a single refrigerant 

relay device 1300 is il lustrated.  
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 [0020]  

 Fig.  5 is an external perspective view illustrating the configuration 

of the refrigerant re lay device 1300.  Fig.  6 is a cross-sectional view 

illustrating the configuration of the refrigerant relay device 1300.  Fig.  6 

is  a cross-sectional view of the refrigerant relay device 1300 taken along a 5 

cross section that is perpendicular to the central line CL1 of the refrigerant 

relay device 1300 and includes a central line of a second vapor tube 

connecting part 1323 and a central line of a second liquid tube connecting 

part 1324.  Note that, in Figs.1 to 6, the vertical direction G is illustrated.   

The cooling device 1000 is installed in,  for example,  a data center.  10 

 [0021]  

 As illustrated in Figs.  3 and 4,  the cooling device 1000 includes at 

least an evaporator 1200, a refrigerant relay device 1300, and a condenser 

1400.  In Fig.  4, the cooling device 1000, as an example, includes four 

evaporators 1200, a refrigerant relay device 1300, and a condenser 1400.  15 

However,  one or more and three or less or f ive or more evaporators 1200 

may be placed in the cooling device 1000.  Each evaporator 1200 and the 

refrigerant relay device 1300 are connected to each other by means of a 

first vapor tube 1500 and a f irst l iquid tube 1600.  The refrigerant relay 

device 1300 and the condenser 1400 are connected to each other by means 20 

of a second vapor tube 1700 and a second liquid tube 1800.  In each rack 

1100, heating elements 1110 are housed.  Note that the first vapor tubes 

1500, the first l iquid tubes 1600, the second vapor tube 1700, the second 

liquid tube 1800, the racks 1100, and the heating elements 1110 are not 

essential components of  the present invention.   Therefore, the cooling 25 

device of the present invention may be configured with these components 

omitted.  

 [0022]  

 As illustrated in Fig.  3,  each rack 1100 houses one or more heating 
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elements 1110.  In the example in Fig.  3,  four heating elements 1110 are 

housed in the rack 1100.  However, one or more and three or less or five 

or more heating elements 1110 may be housed in the rack 1100. 

 [0023]  

 Each heating element 1110 indicates a component the operation of 5 

which generates heat.   The heating element 1110 is,  for example,  an 

electronic device or the like that includes a central processing unit (CPU),  

a large scale integration (LSI),  and the like.  In other words,  the 

electronic device or the like generates heat as a heating element 1110 by 

performing various data processing.  10 

 [0024]  

 The cooling device 1000 contains refrigerant that circulates among 

the evaporators 1200, the refrigerant relay device 1300, and the condenser 

1400.  In other words,  insides of the evaporators 1200, the refrigerant 

relay device 1300, and the condenser 1400, cavities are formed.  In 15 

addition,  the refrigerant is confined in a state of being sealed in a closed 

space that is formed by the evaporators 1200, the refrigerant  relay device 

1300, the condenser 1400, the first vapor tubes 1500, the first liquid tubes 

1600, the second vapor tube 1700, and the second liquid tube 1800.  The 

refrigerant circulates among the evaporators 1200, the refrigerant relay 20 

device 1300, and the condenser 1400 in a state of being sealed via the f irst 

vapor tubes 1500, the f irst l iquid tubes 1600, the second vapor tube 1700,  

and the second liquid tube 1800.  The refrigerant is composed of,  for 

example, polymer materials and the like and has a characteristic of 

evaporating at high temperatures and liquefying at low temperatures.  25 

 [0025]  

 For the refrigerant,  for example, hydro fluorocarbon (HFC) and 

hydro fluoroether (HFE) may be used as a refrigerant having a low boiling 

point.  
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 [0026]  

 As illustrated in Fig.  3, the evaporators 1200 are placed on the rear 

surface side of one or more heating elements 1110.  Each evaporator 1200 

is more preferably placed so as to come close to and face the heating 

elements 1110.  This configuration enables the evaporators 1200 to 5 

receive heat from the heating elements 1110 efficiently.  

 [0027]  

 As illustrated in Figs.  3 and 4,  the evaporators 1200 are connected 

to the refrigerant relay device 1300 by means of the first vapor tubes 1500 

and the f irst l iquid tubes 1600.  10 

 [0028]  

 The evaporators 1200 are mounted on,  for example,  rear doors that 

are disposed on the rear-surface side of the racks 1100.  Because of this 

configuration,  opening each rear door enables adjustment of  connection 

relationships between and maintenance work of the heating elements 1110 15 

and the evaporator 1200 to be performed easily.  

 [0029]  

 When receiving heat from the heating elements 1110, each 

evaporator 1200 evaporates refrigerant in a liquid-phase state (hereinafter,  

sometimes referred to as liquid-phase refrigerant),  which is retained 20 

internally,  by means of the heat from the heating elements 1110 and allows 

refrigerant in a gas-phase state (hereinafter, sometimes referred to as 

gas-phase refrigerant) to flow out.   The gas-phase refrigerant  flowing out 

of  the evaporators 1200 flows into the condenser 1400 via the f irst vapor 

tubes 1500, the refrigerant relay device 1300, and the second vapor tube 25 

1700.  

 [0030]  

 As illustrated in Figs.  3 and 4,  the condenser 1400 is disposed at a 

higher position in the vertical direction G than the evaporators 1200.  
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Because of this configuration,  gravity facilitates the flow of liquid-phase 

refrigerant in the condenser 1400 to the evaporators 1200 via the second 

liquid tube 1800, the refrigerant relay device 1300, and the first l iquid 

tubes 1600.  The condenser 1400 is more preferably placed on the outside 

of the building of a data center and the like.   This configuration enables 5 

the condenser 1400 to radiate heat received from the heating elements 1110 

more efficiently.  

 [0031]  

 As illustrated in Figs.  3 and 4,  the condenser 1400 is connected to 

the refrigerant relay device 1300 by means of the second vapor tube 1700 10 

and the second liquid tube 1800. 

 [0032]  

 The condenser 1400 receives gas-phase refrigerant f lowing out of 

the evaporators 1200 via the refrigerant relay device 1300.  The 

condenser 1400 condenses the gas-phase refrigerant flowing out of  the 15 

evaporators 1200 and allows liquid-phase refrigerant to f low out.   On this 

occasion,  the condenser 1400 receives heat of the heating elements 1110 

from the evaporators 1200 via the refrigerant and radiates the received heat 

of  the heating elements 1110 to the outside air.   In other words,  the 

condenser 1400 exchanges heat of  the heating elements 1110 absorbed by 20 

the refrigerant for heat of the outside air.   The liquid-phase refrigerant 

flowing out of the condenser 1400 flows out to the evaporators 1200 via 

the second liquid tube 1800, the refrigerant relay device 1300, and the first 

liquid tubes 1600.  

 [0033]  25 

 As illustrated in Figs.  3 and 4, the refrigerant relay device 1300 is 

disposed at a higher position in the vertical direction G than the 

evaporators 1200.  Because of this configuration,  gravity facilitates the 

flow of liquid-phase refrigerant in the refrigerant relay device 1300 to the 
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evaporators 1200 via  the f irst l iquid tubes 1600.  In the example in Fig.  4,  

the refrigerant relay device 1300 is disposed above the racks 1100.  The 

refrigerant relay device 1300 is fixed hung from the ceiling wall of  the data 

center by means of, for example,  hardware for mounting to a building.   

The refrigerant relay device 1300 is sometimes simply referred to as a 5 

reserve tank or a tank. 

 [0034]  

 As illustrated in Figs.  3 and 4, the refrigerant relay device 1300 is 

connected to the evaporators 1200 and the condenser 1400.  More 

specifically,  the refrigerant relay device 1300 is connected to the 10 

evaporators 1200 by means of the first vapor tubes 1500 and the f irst l iquid 

tubes 1600.  In addition,  the refrigerant relay device 1300 is connected to 

the condenser 1400 by means of the second vapor tube 1700 and the second 

liquid tube 1800. 

 [0035]  15 

 The refrigerant relay device 1300 retains gas-phase refrigerant 

flowing out of  the evaporators 1200 and, in conjunction therewith,  allows 

the gas-phase refrigerant to f low out to the condenser 1400.  The 

refrigerant relay device 1300 also retains liquid-phase refrigerant flowing 

out of the condenser 1400 and, in conjunction therewith,  allows the 20 

liquid-phase refrigerant to f low out to the evaporators 1200.  This 

configuration enables the cooling device 1000 to cool heat of the heating 

elements 1110 by, while retaining a portion of liquid-phase refrigerant and 

gas-phase refrigerant in the refrigerant relay device 1300, circulating the 

refrigerant between the evaporators 1200 and the condenser 1300 with the 25 

refrigerant undergoing a phase change (from liquid-phase refrigerant to 

gas-phase refrigerant  and vice versa).  

 [0036]  

 Next,  a specific configuration of the refrigerant relay device 1300 
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will  be described. 

 [0037]  

 As illustrated in Fig. 1, the refrigerant relay device 1300 includes 

at least a casing 1310, a f irst refrigerant outflow opening 1350, a first 

refrigerant inflow opening 1360, and a refrigerant inflow piping 1370. 5 

 [0038]  

 As illustrated in Figs.  1 and 2, the casing 1310 is configured 

including a cylindrical casing 1320, a f irst l id part 1330, and a second lid 

part 1340.  The casing 1310 retains liquid-phase refrigerant and 

gas-phase refrigerant .   The cylindrical casing 1320, the f irst l id part 1330,  10 

and the second lid part 1340 are made of a metal material, such as stainless 

steel. 

 [0039]  

 The cylindrical casing 1320 has an opening at least at one end part 

and is formed into a cylindrical shape.   In the example in Figs.  1 and 2,  15 

openings are formed at both end parts of  the cylindrical casing 1320.   

However,  the second lid part 1340 may be attached integrally to the 

cylindrical casing 1320.  In addition,  in Figs.  1 and 2,  a casing formed 

into a circular cylindrical shape is exemplified as an example of the 

cylindrical casing 1320.  However,  the cylindrical casing 1320 may be 20 

formed into a polygonal cylindrical shape or an elliptic cylindrical shape. 

 [0040]  

 At both end parts of  the cylindrical casing 1320, f lange parts 1321 

are formed in a protruding manner.   As illustrated in Fig.  1,  to the f lange 

part 1321 on the left side of the plane of paper in Fig.  1, the second lid part 25 

1340 is attached by means of welding, fastening members (not illustrated,  

for example,  screws, bolts,  and nuts),  or the like.   To the f lange part 1321 

on the right side of the plane of paper in Fig.  1, the f irst l id part 1330 is 

attached by means of welding, fastening members (not illustrated,  for 
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example,  screws, bolts,  and nuts),  or the like.  

 [0041]  

 As illustrated in Figs. 1 and 2, the first l id part 1330 and the second 

lid part 1340 are basically formed into circular disk shapes.   In addition,  

as illustrated in Fig. 1,  the first l id part 1330 and the second l id part 1340 5 

are attached to the flange parts 1321 of the cylindrical casing 1320 by 

means of welding, fastening members (not illustrated,  for example,  screws, 

bolts,  and nuts),  or the like. 

 [0042]  

 As illustrated in Figs.  1 and 2, the f irst refrigerant outflow opening 10 

1350 and the first refrigerant inflow opening 1360 are formed on the f irst 

lid part 1330 of the casing 1310.  

 [0043]  

 The f irst refrigerant outflow opening 1350 is formed on the casing 

1310 and allows gas-phase refrigerant to flow out to the outside of the 15 

casing 1310.  More specifically,  the first refrigerant outflow opening 

1350 is formed on the casing 1310 to allow gas-phase refrigerant to f low 

out to the condenser 1400 placed outside the casing 1310.  In the example 

in Fig.  1,  the first refrigerant outflow opening 1350 is formed on the first 

lid part 1330.  However,  the first refrigerant outflow opening 1350 may 20 

be formed on the cylindrical casing 1320. 

 [0044]  

 The f irst refrigerant inflow opening 1360 is formed on the casing 

1310 and allows liquid-phase refrigerant to f low into the casing 1310.   

More specifically,  the f irst refrigerant inflow opening 1360 is formed on 25 

the casing 1310 to allow liquid-phase refrigerant flowing out of the 

condenser 1400 to f low into the casing 1310.  In the example in Fig.  1, 

the first refrigerant inflow opening 1360 is formed on the first lid part 

1330.  However,  the f irst refrigerant inflow opening 1360 may be formed 
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on the cylindrical casing 1320. 

 [0045]  

 As illustrated in Figs.  1, 2, 4, and 5,  a f irst vapor tube connecting 

part 1331 and a f irst l iquid tube connecting part 1332 are formed on the 

first l id part 1330 of the casing 1310. 5 

 [0046]  

 As illustrated in Figs.  1 and 2, the first vapor tube connecting part 

1331 is connected to the first refrigerant outflow opening 1350.  In 

addition,  the second vapor tube 1700 (illustrated by dotted lines) is 

connected to the f irst vapor tube connecting part 1331.  Note that,  when 10 

the f irst refrigerant  outflow opening 1350 is formed on the cylindrical 

casing 1320, the first vapor tube connecting part 1331 is formed on the 

cylindrical casing 1320. 

 [0047]  

 As illustrated in Figs. 1 and 2, the f irst liquid tube connecting part 15 

1332 is connected to the f irst refrigerant inflow opening 1360.  In 

addition,  the second liquid tube 1800 (illustrated by dotted lines) is  

connected to the f irst l iquid tube connecting part 1332.  Note that, when 

the first refrigerant inflow opening 1360 is formed on the cylindrical 

casing 1320, the first l iquid tube connecting part 1332 is formed on the 20 

cylindrical casing 1320. 

 [0048]  

 As illustrated in Fig.  1,  the refrigerant inflow piping 1370 is 

disposed on the inside of the casing 1310.  In addition,  as illustrated in 

Fig.  1,  the refrigerant inflow piping 1370 is attached to the interior surface 25 

side (the left side of the plane of paper in Figs.  1 and 2) of the f irst l id part 

1330.  

 [0049]  

 As illustrated in Figs.  1 and 2, one end part of  the refrigerant inflow 
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piping 1370 is connected to the first refrigerant inflow opening 1360.  At 

the other end part of  the refrigerant inflow piping 1370, an opening part 

1371 is formed.  The refrigerant inflow piping 1370 allows liquid-phase 

refrigerant f lowing into the f irst refrigerant inflow opening 1360 to f low 

into the casing 1310 through the opening part 1371.  Note that, when the 5 

first refrigerant inflow opening 1360 is formed on the cylindrical casing 

1320, the refrigerant  inflow piping 1370 is attached to the interior surface 

of the cylindrical casing 1320.  

 [0050]  

 As illustrated in Fig.  1, the opening part 1371 of the refrigerant 10 

inflow piping 1370 is disposed so as to face a bottom part  1311 of the 

casing 1310.  In addition,  the opening part 1371 is disposed in 

liquid-phase refrigerant in the casing 1310. 

 [0051]  

 As used herein,  the bottom part 1311 of the casing 1310 refers to a 15 

region of the casing 1310 on the lower side in the vertical direction G.  

For example,  when, as illustrated in Fig.  1,  length from a lowermost part A 

to an uppermost part B of the cylindrical casing 1320 (excluding the f lange 

parts 1321) is denoted by L, a region of the cylindrical casing 1320 

included in a range from the lowermost part A to a height of 0.2×L in the 20 

upward vertical direction G is referred to as the bottom part 1311 of the 

casing 1310.  Note that the value of 0.2 in the expression 0.2×L is only an 

exemplification and the value is assumed to be appropriately changeable 

according to the shape and size of the cylindrical casing 1320. 

 [0052]  25 

 As illustrated in Fig. 6, second refrigerant outflow openings 1380 

and second refrigerant inflow openings 1390 are formed on the cylindrical 

casing 1320 of the casing 1310.  

 [0053]  
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 The second refrigerant outflow openings 1380 are formed on the 

casing 1310 and allow liquid-phase refrigerant to f low out to the outside of 

the casing 1310.  More specifically,  the second refrigerant outflow 

openings 1380 are formed on the casing 1310 to allow liquid-phase 

refrigerant to flow out to the evaporators 1200 placed outside the casing 5 

1310.  

 [0054]  

 The second refrigerant inflow openings 1390 are formed on the 

casing 1310 and allow gas-phase refrigerant to f low into the casing 1310.   

More specifically,  the second refrigerant inflow openings 1390 are formed 10 

on the casing 1310 to allow gas-phase refrigerant flowing out of  the 

evaporators 1200 to f low into the casing 1310.  

 [0055]  

 As illustrated in Figs.  4 to 6, the second vapor tube connecting 

parts 1323 and the second liquid tube connecting parts 1324 are formed on 15 

the cylindrical casing 1320 of the casing 1310.  In Figs.  4 and 5,  as an 

exemplification,  four second vapor tube connecting parts 1323 and four 

second liquid tube connecting parts 1324 are illustrated.   However,  it 

may suffice that one or more second vapor tube connecting parts 1323 and 

one or more second liquid tube connecting parts 1324 are formed. 20 

 [0056]  

 As illustrated in Fig.  6,  each second vapor tube connecting part 

1323 is connected to one of the second refrigerant inflow openings 1390.   

In addition,  one of the first vapor tubes 1500 (illustrated by dotted lines) is  

connected to the second vapor tube connecting part 1323.  Each pair of  a 25 

second vapor tube connecting part 1323 and a first vapor tube 1500 are,  for 

example, connected to each other by means of welding, fastening members 

(not illustrated,  for example,  screws, bolts,  and nuts),  or the like.  The 

second vapor tube connecting parts 1323 are equivalent to connecting parts 
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between the f irst vapor tubes 1500 and the casing 1310.  

 [0057]  

 As illustrated in Fig.  6,  each second liquid tube connecting part 

1324 is connected to one of the second refrigerant outflow openings 1380.  

In addition,  one of the first l iquid tubes 1600 (illustrated by dotted lines) is  5 

connected to the second liquid tube connecting part 1324.  Each pair of  a 

second liquid tube connecting part 1324 and a first l iquid tube 1600 are, 

for example,  connected to each other by means of welding, fastening 

members (not illustrated, for example,  screws, bolts, and nuts),  or the like.  

The second liquid tube connecting parts 1324 are equivalent to connecting 10 

parts between the f irst l iquid tubes 1600 and the casing 1310. 

 [0058]  

 As illustrated in Fig.  6,  the extending direction of each second 

vapor tube connecting part 1323 (each connecting part between one of the 

first vapor tubes 1500 and the casing 1310) is set so as not to pass through 15 

a central part C in a cross section of the cylindrical casing 1320 when the 

cylindrical casing 1320 is cross-sectioned along a perpendicular direction 

to the central line CL1 of the cylindrical casing 1320.  The central line 

CL1 of the cylindrical casing 1320 corresponds to the extending direction 

of the cylindrical casing 1320.  The central part C in Fig.  6 corresponds 20 

to the central line CL1 illustrated in Fig.  4.   In other words,  the central 

line CL1 is set so as to pass through the central part C.  In addition,  each 

second vapor tube connecting part 1323 (each connecting part  between one 

of the first vapor tubes 1500 and the casing 1310) is preferably disposed at 

a higher position in the vertical direction G than the central part C in the 25 

cross section of the cylindrical casing 1320. 

 [0059]  

 A first variation of the disposition posit ions of the second vapor 

tube connecting parts 1323 (connecting parts between the first vapor tubes 
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1500 and the casing 1310) will be described.  Fig.  7 is  a cross-sectional 

view illustrating another configuration of the refrigerant relay device 1300.   

In addition,  Fig.  7,  as with Fig.  6, i l lustrates a cross-sectional view of the 

refrigerant relay device 1300 taken along a cross section perpendicular to 

the central line CL1 of the refrigerant relay device 1300.  Note that,  in 5 

Fig.  7,  the vertical direction G is illustrated. 

 [0060]  

 As illustrated in Fig.  7,  the extending direction of each second 

vapor tube connecting part 1323 (each connecting part between one of the 

first vapor tubes 1500 and the casing 1310) may be set along a tangent line 10 

to the outer perimeter circle of the cylindrical casing 1320.  On this 

occasion,  each second vapor tube connecting part 1323 (each connecting 

part between one of the f irst vapor tubes 1500 and the casing 1310) is  

preferably disposed at a higher position in the vertical direction G than the 

central part C in the cross section of the cylindrical casing 1320. 15 

 [0061]  

 A second variation of the disposition positions of the second vapor 

tube connecting parts 1323 (connecting parts between the first vapor tubes 

1500 and the casing 1310) will  be described.  Fig.  8 is a top view 

illustrating stil l  another configuration of the refrigerant relay device 1300.  20 

In other words,  Fig.  8 is an external top view of the refrigerant  relay device 

1300 as viewed from the upper side to the lower side in the vertical 

direction G.  

 [0062]  

 The extending direction of each second vapor tube connecting part 25 

1323 (each connecting part between one of the f irst vapor tubes 1500 and 

the casing 1310) is set so as not to pass through a central part  C in a cross 

section of the cylindrical casing 1320 and, in conjunction therewith,  set in 

a direction toward the side on which the f irst refrigerant outflow opening 
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1350, formed on the first l id part 1330, is disposed, as illustrated in Fig.  8.   

In other words,  the cross section G-G in Fig.  8 includes a configuration 

equivalent to that in Fig.  6.   In addition,  each second vapor tube 

connecting part 1323 is disposed as illustrated in Fig.  8. 

 [0063]  5 

 Next,  an operation of the cooling device 1000 wil l  be described. 

 [0064]  

 When the heating elements 1110 operate,  the heating elements 1110 

generate heat.  The evaporators 1200 of the cooling device 1000 receive 

the heat of the heating elements 1110.  Each evaporator 1200 evaporates 10 

liquid-phase refrigerant retained inside the evaporator 1200 by means of 

the heat of the heating elements 1110 and generates gas-phase refrigerant.  

 [0065]  

 The evaporators 1200 allow the gas-phase refrigerant to f low out to 

the condenser 1400 via the f irst vapor tubes 1500, the refrigerant relay 15 

device 1300, and the second vapor tube 1700.  On this occasion,  a portion 

of the gas-phase refrigerant is  retained in the refrigerant relay device 1300.  

In addition,  a portion of the gas-phase refrigerant retained in the 

refrigerant relay device 1300 is cooled in the refrigerant relay device 1300 

and undergoes a phase change to liquid-phase refrigerant.   As a result,  a 20 

port ion of the liquid-phase refrigerant is retained in the refrigerant relay 

device 1300. 

 [0066]  

 Next,  when gas-phase refrigerant flowing out of the evaporators 

1200 flows into the condenser 1400, the condenser 1400 condenses the 25 

flowing-in gas-phase refrigerant and generates liquid-phase refrigerant.  

 [0067]  

 Subsequently,  the condenser 1400 allows the liquid-phase 

refrigerant to f low out to the evaporators 1200 via the second liquid tube 
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1800, the refrigerant relay device 1300, and the f irst l iquid tubes 1600.   

On this occasion,  a portion of the liquid-phase refrigerant is retained in the 

refrigerant relay device 1300. 

 [0068]  

 In this way, the cooling device 1000 cools heat of the heating 5 

elements 1110 by, while retaining a portion of liquid-phase refrigerant and 

gas-phase refrigerant in the refrigerant relay device 1300, circulating 

refrigerant between the evaporators 1200 and the condenser 1300 with the 

refrigerant undergoing a phase change (from liquid-phase refrigerant to 

gas-phase refrigerant  and vice versa).  10 

 [0069]  

 As described above, interposing the refrigerant relay device 1300 

between the evaporators 1200 and the condenser 1400 enables the amount 

of  refrigerant in the evaporators 1200 and the condenser 1400 to be 

properly adjusted.   Note that,  when the amount of  refrigerant supplied to 15 

the evaporators 1200 and the condenser 1400 is excessive,  the cooling 

performed by the cooling device 1000 becomes mere liquid cooling that 

uses,  instead of latent heat, sensible heat,  by which only a small amount of 

heat is transported.   When, conversely,  the amount of refrigerant supplied 

to the evaporators 1200 and the condenser 1400 is insufficient,  reception 20 

of heat from the heating elements 1110 by means of phase change of the 

refrigerant cannot be performed.  In addition,  there is a case where, for 

example,  liquid-phase refrigerant in the evaporators 1200 flows back 

through the f irst vapor tubes 1500 because of pressure of gas-phase 

refrigerant f lowing into the refrigerant relay device 1300 from the 25 

evaporators 1200.  In other words,  there is a case where even liquid-phase 

refrigerant in the evaporators 1200 flows into the refrigerant relay device 

1300 via the f irst vapor tubes 1500.  Even in such a case, the disposition 

of the refrigerant relay device 1300 causes the liquid-phase refrigerant 
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flowing in via the first vapor tubes 1500 from the evaporators 1200 to be 

retained in the refrigerant relay device 1300.  As a result,  it  is possible to 

prevent liquid-phase refrigerant in the evaporators 1200 from flowing into 

the condenser 1400. 

 [0070]  5 

 As illustrated in Fig.  1, the opening part 1371 of the refrigerant 

inflow piping 1370 is disposed so as to face the bottom part 1311 of the 

casing 1310.  Because of this configuration, the cooling device 1000 and 

the refrigerant relay device 1300 enable the opening part 1371 of the 

refrigerant inflow piping 1370 to be immersed in liquid-phase refrigerant 10 

in the casing 1310 of the refrigerant relay device 1300 even when the 

amount of refrigerant retained inside the casing 1310 of the refrigerant 

relay device 1300 is small.   As a result,  the cooling device 1000 and the 

refrigerant relay device 1300 enable gas-phase refrigerant in the 

refrigerant relay device 1300 to be prevented from flowing out to the 15 

condenser 1400 via the second liquid tube 1800. 

 [0071]  

 Therefore,  the cooling device 1000 and the refrigerant relay device 

1300 enable heat of  the heating elements 1110 to be cooled efficiently.  

 [0072]  20 

 In addition,  as illustrated in Fig.  6,  the extending direction of each 

second vapor tube connecting part 1323 (each connecting part  between one 

of the first vapor tubes 1500 and the casing 1310) is set so as not to pass 

through a central part C in a cross section of the cylindrical  casing 1320 

when the cylindrical  casing 1320 is cross-sectioned along a perpendicular 25 

direction to the central line CL1 of the cylindrical casing 1320.  In this 

configuration,  the extending direction of the cylindrical casing 1320 is 

aligned along the central line CL1 of the cylindrical casing 1320. 

 [0073]  
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 The above configuration causes gas-phase refrigerant flowing out 

of  the evaporators 1200 to swirl around the central part C as indicated by 

an arrow E1 in Fig. 6.  This phenomenon generates a swirl f low of 

gas-phase refrigerant  inside the casing 1310.  The swirl f low of gas-phase 

refrigerant flows toward the side on which the first refrigerant outflow 5 

opening 1350 is formed, where pressure is low.  Because of this 

refrigerant f low, the cooling device 1000 and the refrigerant relay device 

1300 may allow gas-phase refrigerant f lowing out of the evaporators 1200 

to flow out to the condenser 1400 via the first refrigerant outf low opening 

1350 and the second vapor tube 1700 efficiently.   Therefore,  the cooling 10 

device 1000 and the refrigerant relay device 1300 enable heat of  the 

heating elements 1110 to be cooled efficiently.  

 [0074]  

 On the other hand, when, differing from the present example 

embodiment,  the extending direction of the second vapor tube connecting 15 

part 1323 passes through the central part C, gas-phase refrigerant flowing 

out of  the evaporators 1200 flows into the refrigerant relay device 1300 

and, after passing the central part C, collides with the inner wall surface of 

the casing 1310 or the refrigerant liquid surface and diverges.   For this 

reason, no swirl flow of gas-phase refrigerant as indicated by the arrow E1 20 

in Fig.  6 is generated.   In the case,  f low of gas-phase refrigerant toward 

the side on which the first refrigerant outflow opening 1350 is formed in 

the refrigerant relay device 1300 becomes smaller than that in the example 

illustrated in Fig.  6,  which reduces the transport efficiency of the 

gas-phase refrigerant . 25 

 [0075]  

 Note that,  when a plurality of second vapor tube connecting parts 

1323 are formed on the cylindrical casing 1320, gas-phase refrigerant 

flowing into the refrigerant relay device 1300 from the respective second 
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vapor tube connecting parts 1323 swirls around the central  parts C, as 

illustrated by the arrow E1 in Fig.  6.   Therefore,  a swirl f low of gas-phase 

refrigerant is  generated with respect to each second vapor tube connecting 

part 1323.  A plurality of swirl flows of gas-phase refrigerant generated 

in this way, while successively combining into a single flow as indicated 5 

by F1 to F4 in Fig.  5,  f low inside the casing 1310 toward the side on which 

the first refrigerant outflow opening 1350 is formed, where pressure is low.   

Therefore,  the refrigerant relay device 1300 may allow gas-phase 

refrigerant f lowing out of  the evaporators 1200 to flow out to the 

condenser 1400 via  the f irst refrigerant outflow opening 1350 and the 10 

second vapor tube 1700 more efficiently.   As a result,  the cooling device 

1000 and the refrigerant relay device 1300 enable heat of the heating 

elements 1110 to be cooled efficiently.  

 [0076]  

 The extending direction of each of the plurali ty of second vapor 15 

tube connecting parts 1323 (connecting parts between the first vapor tubes 

1500 and the casing 1310) may also be set in a direction toward the side on 

which the first refrigerant outflow opening 1350 is formed, as illustrated in 

Fig.  8.  

 [0077]  20 

 In the case, since a plurality of swirl f lows of gas-phase refrigerant 

each of which is generated for each second vapor tube connecting part 

1323, while f lowing toward the side on which the first refrigerant outflow 

opening 1350 is formed, successively combine into a single flow more 

efficiently,  the fluid pressure of gas-phase refrigerant on the side on which 25 

the first refrigerant outflow opening 1350 is formed may be increased to a 

higher level.  

 [0078]  

 As described above, the cooling device 1000 in the example 
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embodiment of  the present invention includes the evaporators 1200, the 

condenser 1400, and the refrigerant relay device 1300. 

 [0079]  

 When receiving heat from the heating elements 1110, each 

evaporator 1200 evaporates liquid-phase refrigerant,  which is retained 5 

internally,  by means of the heat from the heating elements 1110 and allows 

gas-phase refrigerant to f low out.   The condenser 1400 condenses the 

gas-phase refrigerant flowing out of  the evaporators 1200 and allows 

liquid-phase refrigerant to f low out.   The refrigerant relay device 1300 is 

connected to the evaporators 1200 and the condenser 1400.  The 10 

refrigerant relay device 1300 retains gas-phase refrigerant flowing out of 

the evaporators 1200 and, in conjunction therewith,  allows the gas-phase 

refrigerant to flow out to the condenser 1400.  The refrigerant relay 

device 1300 also retains liquid-phase refrigerant flowing out of  the 

condenser 1400 and, in conjunction therewith,  allows the liquid-phase 15 

refrigerant to f low out to the evaporators 1200. 

 [0080]  

 The refrigerant relay device 1300 also includes the casing 1310, the 

first refrigerant inflow opening 1360, the first refrigerant outflow opening 

1350, and the refrigerant inflow piping 1370. 20 

 [0081]  

 The casing 1310 retains liquid-phase refrigerant and gas-phase 

refrigerant.   The f irst refrigerant  inflow opening 1360 allows 

liquid-phase refrigerant to flow into the casing 1310 therethrough.  The 

first refrigerant outflow opening 1350 allows gas-phase refrigerant to f low 25 

out to the outside of the casing 1310 therethrough.  The refrigerant inflow 

piping 1370 has one end part thereof connected to the first refrigerant 

inflow opening 1360 and the opening part 1371 formed at the other end 

part thereof.   The refrigerant inflow piping 1370 allows l iquid-phase 
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refrigerant f lowing into the f irst refrigerant inflow opening 1360 to f low 

into the casing 1310 from the opening part 1371.  The opening part 1371 

is disposed so as to face the bottom part 1311 of the casing 1310. 

 [0082]  

 As described above, the opening part 1371 of the refrigerant inflow 5 

piping 1370 is disposed so as to face the bottom part 1311 of the casing 

1310.  Because of this configuration,  the cooling device 1000 and the 

refrigerant relay device 1300 enable the opening part  1371 of the 

refrigerant inflow piping 1370 to be immersed in liquid-phase refrigerant 

retained at the bottom part 1311 of the casing 1310 of the refrigerant relay 10 

device 1300 even when the amount of refrigerant retained inside the casing 

1310 of the refrigerant relay device 1300 is small.   As a result,  the 

cooling device 1000 and the refrigerant re lay device 1300 enable gas-phase 

refrigerant in the casing 1310 to be prevented from flowing out to the 

outside of the casing 1310 from the f irst refrigerant inflow opening 1360 in 15 

a reverse manner.   Thus,  the cooling device 1000 and the refrigerant relay 

device 1300 enable gas-phase refrigerant in the refrigerant relay device 

1300 to be prevented from flowing out to the condenser 1400 via the 

second liquid tube 1800. 

 [0083]  20 

 Therefore,  the cooling device 1000 and the refrigerant relay device 

1300 enable heat of  the heating elements 1110 to be cooled efficiently.  

 [0084]  

 As described afore,  the cooling device 1000 and the refrigerant 

relay device 1300 enable the opening part 1371 of the refrigerant inflow 25 

piping 1370 to be immersed in liquid-phase refrigerant in the casing 1310 

of the refrigerant relay device 1300 even when the amount of refrigerant 

retained inside the casing 1310 of the refrigerant relay device 1300 is small.   

As a result,  the cooling device 1000 and the refrigerant relay device 1300 
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enable the amount of liquid-phase refrigerant retained inside the 

refrigerant relay device 1300 to be decreased to a smaller amount than that 

in the case where the refrigerant inflow piping 1370 is not disposed.  

Since the retention capacity of refrigerant in the refrigerant  relay device 

1300 may also be relatively decreased,  the refrigerant relay device 1300 5 

may be relatively miniaturized.   Therefore,  the cooling device 1000 

enables the casing of the refrigerant relay device 1300 to be miniaturized 

and heat of the heating elements 1110 to be cooled by means of a smaller 

amount of  refrigerant. 

 [0085]  10 

 In the cooling device 1000 and the refrigerant relay device 1300 in 

the example embodiment of the present invention,  the other end part of the 

refrigerant inflow piping 1370 may be formed so as to extend toward the 

bottom part 1311 of the casing 1310.  This configuration enables the 

opening part 1371 formed at the other end part of  the refrigerant inflow 15 

piping 1370 to be immersed in liquid-phase refrigerant retained at the 

bottom part 1311 of the casing 1310 of the refrigerant relay device 1300 

more surely.  

 [0086]  

 In the cooling device 1000 and the refrigerant relay device 1300 in 20 

the example embodiment of the present invention,  the other end part of the 

refrigerant inflow piping 1370 may be formed so as to extend in the lower 

vertical direction.   This configuration enables the opening part 1371 

formed at the other end part of  the refrigerant inflow piping 1370 to be 

immersed in liquid-phase refrigerant retained at the bottom part 1311 of 25 

the casing 1310 of the refrigerant relay device 1300 more surely.  

 [0087]  

 In the cooling device 1000 and the refrigerant relay device 1300 in 

the example embodiment of the present invention,  the casing 1310 includes 
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the cylindrical casing 1320 and the first  l id part 1330.  The cylindrical 

casing 1320 is formed into a cylindrical shape and has an opening at least 

at one end part thereof.   On the first l id part 1330, the first refrigerant 

inflow opening 1360 is formed.  The first l id part 1330 closes the opening 

of the cylindrical casing 1320.  One end part of the refrigerant inflow 5 

piping 1370 is attached to the f irst refrigerant inflow opening 1360 of the 

first l id part 1330. 

 [0088]  

 As described above, the casing 1310 is configured so as to be 

disassembled into the cylindrical casing 1320 and the f irst l id part 1330.  10 

Because of this configuration,  by attaching one end part of the refrigerant 

inflow piping 1370 at the first refrigerant  inflow opening 1360 of the first 

lid part 1330, the connection between the one end part of the refrigerant 

inflow piping 1370 and the f irst refrigerant inflow opening 1360 may be 

achieved easily.   Combining the f irst l id part 1330 to which the 15 

refrigerant inflow piping 1370 is attached with the cylindrical casing 1320 

enables the refrigerant inflow piping 1370 to be disposed inside the casing 

1310 easily.  

 [0089]  

 In the cooling device 1000 and the refrigerant relay device 1300 in 20 

the example embodiment of the present invention,  the casing 1310 includes 

the cylindrical casing 1320 and the first  l id part 1330.  The cylindrical 

casing 1320 is formed into a cylindrical shape and has an opening at least 

at one end part thereof.   The f irst l id part 1330 closes the opening of the 

cylindrical casing 1320.  One or more f irst vapor tubes 1500 are 25 

connected to the cylindrical casing 1320.  The one or more first vapor 

tubes 1500 allow gas-phase refrigerant  to f low into the casing 1310.   

More specifically,  the one or more f irst vapor tubes 1500 allow gas-phase 

refrigerant flowing out of  the evaporators 1200 to f low into the casing 
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1310.  

 [0090]  

 On this occasion,  the extending direction of each second vapor tube 

connecting part 1323 (each connecting part between one of the first vapor 

tubes 1500 and the casing 1310) is set so as not to pass through a central 5 

part C in a cross section of the cylindrical casing 1320 when the cylindrical 

casing 1320 is cross-sectioned along a  perpendicular direction to the 

extending direction (parallel with the central line CL1) of the cylindrical 

casing 1320.  

 [0091]  10 

 The above configuration causes gas-phase refrigerant f lowing into 

the casing 1310 out of  the evaporators 1200 to swirl around the central part 

C as indicated by the arrow E1 in Fig.  6.   This phenomenon generates a 

swirl flow of gas-phase refrigerant inside the casing 1310.  The swirl 

flow of gas-phase refrigerant f lows toward the side on which the first 15 

refrigerant outflow opening 1350 is formed, where pressure is low.  

Because of this refrigerant flow, the refrigerant relay device 1300 may 

allow gas-phase refrigerant f lowing in out of  the f irst vapor tubes 1500 to 

flow out to the outside of the casing 1310 from the f irst refrigerant outflow 

opening 1350 efficiently.   More specifically,  the refrigerant relay device 20 

1300 may allow gas-phase refrigerant flowing in out of the first vapor 

tubes 1500 to flow out to the condenser 1400 from the f irst refrigerant 

outflow opening 1350 efficiently.   Therefore,  the cooling device 1000 

and the refrigerant relay device 1300 enable heat of the heating elements 

1110 to be cooled efficiently.  25 

 [0092]  

 In the cooling device 1000 and the refrigerant relay device 1300 in 

the example embodiment of the present invention,  each second vapor tube 

connecting part 1323 (each connecting part between one of the first vapor 
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tubes 1500 and the casing 1310) is disposed at a higher position in the 

vertical direction than a central part C in a cross section of the cylindrical 

casing 1320.  

 [0093]  

 This configuration causes gravity to be added to gas-phase 5 

refrigerant flowing into the casing 1310 out of the evaporators 1200, which 

enables the f luid pressure of swirl flow of the gas-phase refrigerant to be 

increased to a higher level.   Because of this effect, the refrigerant relay 

device 1300 may allow gas-phase refrigerant f lowing in out of the first 

vapor tubes 1500 to flow out to the outside of the casing 1310 from the 10 

first refrigerant outflow opening 1350 more efficiently.   More 

specifically,  the refrigerant relay device 1300 may allow gas-phase 

refrigerant f lowing in out of the f irst vapor tubes 1500 to f low out to the 

condenser 1400 from the first refrigerant outflow opening 1350 efficiently.   

Therefore,  the cooling device 1000 and the refrigerant relay device 1300 15 

enable heat of the heating elements 1110 to be cooled efficiently.  

 [0094]  

 In the cooling device 1000 and the refrigerant relay device 1300 in 

the example embodiment of the present invention,  the cylindrical casing 

1320 is formed into a circular cylindrical shape.  In addition,  the 20 

extending direction of each second vapor tube connecting part 1323 (each 

connecting part between one of the f irst vapor tubes 1500 and the casing 

1310) is set along a tangent line to the outer perimeter c ircle of  the 

cylindrical casing 1320. 

 [0095]  25 

 This configuration enables gas-phase refrigerant flowing into the 

casing 1310 out of the evaporators 1200 to f low into the casing 1310 along 

the inner wall having a curved surface in the cylindrical casing 1320 

smoothly.   The configuration also enables the maximum diameter of swirl 
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flow of gas-phase refrigerant generated in the casing 1310 to be increased 

to the maximum extent possible.   Therefore,  the refrigerant relay device 

1310 may allow gas-phase refrigerant flowing in out of the first vapor 

tubes 1500 to flow out to the outside of the casing 1310 from the first 

refrigerant outflow opening 1350 more efficiently.  5 

 [0096]  

 In the cooling device 1000 and the refrigerant relay device 1300 in 

the example embodiment of  the present invention,  the extending direction 

of each second vapor tube connecting part 1323 (each connecting part 

between one of the first vapor tubes 1500 and the casing 1310) is  further 10 

set in a direction toward the side on which the f irst refrigerant outflow 

opening 1350 is formed. 

 [0097]  

 In other words,  the extending direction of each second vapor tube 

connecting part 1323 (each connecting part between one of the first vapor 15 

tubes 1500 and the casing 1310) is set so as not to pass through a central 

part C in a cross section of the cylindrical casing 1320 and, in conjunction 

therewith,  set in a direction toward the side on which the first refrigerant 

outflow opening 1350, formed on the f irst l id part 1330, is formed.  This 

configuration enables a swirl f low of gas-phase refrigerant generated in the 20 

casing 1310 to be guided to the side on which the first refrigerant outflow 

opening 1350 is formed efficiently.   Because of this effect, the 

refrigerant relay device 1300 may allow gas-phase refrigerant flowing in 

out of  the first vapor tubes 1500 to flow out to the outside of the casing 

1310 from the f irst refrigerant outflow opening 1350 more efficiently.  25 

 [0098]  

 The present invention was described above through example 

embodiments (and examples) thereof,  but the present invention is not 

limited to the above example embodiments (and examples) .   Various 
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modifications that could be understood by a person skilled in the art may 

be applied to the configurations and details of the present invention within 

the scope of the present invention.  

 While the invention has been particularly shown and described with 

reference to example embodiments thereof,  the invention is not limited to 5 

these embodiments.   It will be understood by those of ordinary skil l in the 

art that various changes in form and details may be made therein without 

departing from the spirit  and scope of the present invention as defined by 

the claims. 

 [0099]  10 

 In addition,  all or part of the example embodiments described afore 

may be described as follows, but not limited thereto.  

[Supplementary note 1] 

 A refrigerant relay device,  including: 

 a casing that retains liquid-phase refrigerant and gas-phase 15 

refrigerant;  

 a refrigerant inflow opening that allows the liquid-phase refrigerant 

to flow into the casing therethrough; 

 a refrigerant outflow opening that allows the gas-phase refrigerant 

to flow out of  the casing therethrough; and 20 

 a refrigerant inflow piping one end part of  which is connected to the 

refrigerant inflow opening, at the other end part of which an opening part 

is  formed, and that allows the liquid-phase refrigerant flowing into the 

refrigerant inflow opening to f low into the casing from the opening part,  

wherein 25 

 the casing is formed into a cylindrical shape and includes: 

  a cylindrical casing that has an opening at least at one end 

part thereof; and 

  a lid part on which the refrigerant inflow opening is formed 
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and that closes the opening of the cylindrical casing,  and 

 the opening part is  disposed so as to face a bottom part of the 

casing.  

[Supplementary note 2] 

 The refrigerant relay device according to supplementary note 1, 5 

wherein 

 the other end part of the refrigerant inflow piping is formed so as to 

extend toward a bottom part of the casing. 

[Supplementary note 3] 

 The refrigerant relay device according to supplementary note 1 or 2,  10 

wherein 

 the other end part of the refrigerant inflow piping is formed so as to 

extend in a lower vertical direction.  

[Supplementary note 4] 

 The refrigerant relay device according to any one of supplementary 15 

notes 1 to 3,  wherein 

 the one end part of  the refrigerant inflow piping is attached to the 

refrigerant inflow opening of the lid part. 

[Supplementary note 5] 

 The refrigerant relay device according to supplementary note 4, 20 

wherein 

 one or more vapor tubes that allow gas-phase refrigerant to f low 

into the casing are connected to the cylindrical casing,  and 

 an extending direction of each connecting part between one of the 

vapor tubes and the cylindrical casing is  set so as not to pass through a 25 

central part in a cross section of the cylindrical casing when the cylindrical 

casing is  cross-sectioned along a perpendicular direction to an extending 

direction of the cylindrical casing.  

[Supplementary note 6] 
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 The refrigerant relay device according to supplementary note 5, 

wherein 

 each connecting part  between one of the f irst vapor tubes and the 

cylindrical casing is disposed at a higher position in the vert ical direction 

than the central part in the cross section of the cylindrical casing.  5 

[Supplementary note 7] 

 The refrigerant relay device according to supplementary note 5 or 6,  

wherein 

 the cylindrical casing is formed into a circular cylindrical shape, 

and 10 

 an extending direction of each connecting part between one of the 

first vapor tubes and the cylindrical casing is set along a tangent line to an 

outer perimeter circle of the cylindrical casing.  

[Supplementary note 8] 

 The refrigerant relay device according to any one of supplementary 15 

notes 5 to 7,  wherein 

 an extending direction of each connecting part between one of the 

first vapor tubes and the cylindrical casing is further set in a direction 

toward a side on which the refrigerant outflow opening is formed. 

[Supplementary note 9] 20 

 A cooling device,  including:  

 an evaporator that,  upon receiving heat  from a heating element, 

evaporates liquid-phase refrigerant retained internally by means of the heat 

of  the heating element and allows gas-phase refrigerant to flow out;  

 a condenser that condenses the gas-phase refrigerant flowing out of  25 

the evaporator and allows liquid-phase refrigerant to f low out; and 

 a refrigerant relay device according to any one of supplementary 

notes 1 to 8,  wherein 

 the refrigerant relay device is connected to the evaporator and the 
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condenser,  retains the gas-phase refrigerant flowing out of  the evaporator 

and, in conjunction therewith,  allows the gas-phase refrigerant  to flow out 

to the condenser,  and retains the liquid-phase refrigerant flowing out of the 

condenser and, in conjunction therewith,  allows the liquid-phase 

refrigerant to f low out to the evaporator.  5 

[Supplementary note 10] 

 A cooling device,  including:  

 an evaporator that,  upon receiving heat  from a heating element, 

evaporates liquid-phase refrigerant retained internally by means of the heat 

of  the heating element and allows gas-phase refrigerant to flow out;  10 

 a condenser that condenses the gas-phase refrigerant flowing out of  

the evaporator and allows liquid-phase refrigerant to f low out; and 

 a refrigerant relay device that is connected to the evaporator and 

the condenser,  retains the gas-phase refrigerant flowing out of the 

evaporator and, in conjunction therewith, allows the gas-phase refrigerant 15 

to f low out to the condenser,  and retains the liquid-phase refrigerant 

flowing out of  the condenser and, in conjunction therewith,  allows the 

liquid-phase refrigerant to f low out to the evaporator,  wherein 

 the refrigerant relay device includes: 

  a casing that retains the liquid-phase refrigerant and the 20 

gas-phase refrigerant; 

  a refrigerant inflow opening that allows the liquid-phase 

refrigerant f lowing out of the condenser to flow into the casing 

therethrough; 

  a refrigerant outflow opening that allows the gas-phase 25 

refrigerant retained inside the casing to f low out to the condenser 

therethrough; and 

  a refrigerant inflow piping one end part of which is 

connected to the refrigerant inflow opening, at the other end part of  which 
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an opening part is formed, and that allows the liquid-phase refrigerant 

flowing into the refrigerant inflow opening to flow into the casing from the 

opening part,  and 

 the opening part is  disposed so as to face a bottom part of the 

casing.  5 

[Supplementary note 11] 

 The cooling device according to supplementary note 10,  wherein 

 the other end part of the refrigerant inflow piping is formed so as to 

extend toward a bottom part of the casing. 

[Supplementary note 12] 10 

 The cooling device according to supplementary note 10 or 11,  

wherein 

 the other end part of the refrigerant inflow piping is formed so as to 

extend in a lower vertical direction.  

[Supplementary note 13] 15 

 The cooling device according to any one of supplementary notes 10 

to 12,  wherein 

 the casing is formed into a cylindrical shape and includes: 

  a cylindrical casing that has an opening at least at one end 

part thereof; and 20 

  a lid part on which the refrigerant inflow opening is formed 

and that closes the opening of the cylindrical casing,  and 

 the one end part of  the refrigerant inflow piping is attached to the 

refrigerant inflow opening of the lid part. 

[Supplementary note 14] 25 

 The cooling device according to supplementary note 13,  wherein 

 one or more vapor tubes that allow gas-phase refrigerant flowing 

out of the evaporator to flow into the casing are connected to the 

cylindrical casing,  and 
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 an extending direction of each connecting part between one of the 

vapor tubes and the cylindrical casing is  set so as not to pass through a 

central part in a cross section of the cylindrical casing when the cylindrical 

casing is  cross-sectioned along a perpendicular direction to an extending 

direction of the cylindrical casing.  5 

[Supplementary note 15] 

 The cooling device according to supplementary note 14,  wherein 

 each connecting part  between one of the f irst vapor tubes and the 

cylindrical casing is disposed at a higher position in the vert ical direction 

than the central part in the cross section of the cylindrical casing.  10 

[Supplementary note 16] 

 The cooling device according to supplementary note 14 or 15,  

wherein 

 the cylindrical casing is formed into a circular cylindrical shape, 

and 15 

 an extending direction of each connecting part between one of the 

first vapor tubes and the cylindrical casing is set along a tangent line to an 

outer perimeter circle of the cylindrical casing.  

[Supplementary note 17] 

 The cooling device according to any one of supplementary notes 14 20 

to 16,  wherein 

 an extending direction of each connecting part between one of the 

first vapor tubes and the cylindrical casing is further set in a direction 

toward a side on which the refrigerant outflow opening is formed. 

[Supplementary note 18] 25 

 A refrigerant relay device,  including: 

 a casing that retains liquid-phase refrigerant and gas-phase 

refrigerant;  

 a refrigerant inflow opening that allows the liquid-phase refrigerant 
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to flow into the casing therethrough; 

 a refrigerant outflow opening that allows the gas-phase refrigerant 

to flow out of  the casing therethrough; and 

 a refrigerant inflow piping one end part of  which is connected to the 

refrigerant inflow opening, at the other end part of which an opening part 5 

is  formed, and that allows the liquid-phase refrigerant flowing into the 

refrigerant inflow opening to f low into the casing from the opening part,  

wherein 

 the opening part is  disposed so as to face a bottom part of the 

casing.  10 

[Supplementary note 19] 

 The refrigerant relay device according to supplementary note 18, 

wherein 

 the other end part of the refrigerant inflow piping is formed so as to 

extend toward a bottom part of the casing. 15 

[Supplementary note 20] 

 The refrigerant relay device according to supplementary note 18 or 

19,  wherein 

 the other end part of the refrigerant inflow piping is formed so as to 

extend in a lower vertical direction.  20 

[Supplementary note 21] 

 The refrigerant relay device according to any one of supplementary 

notes 18 to 20,  wherein 

 the casing is formed into a cylindrical shape and includes: 

  a cylindrical casing that has an opening at least at one end 25 

part thereof; and 

  a lid part on which the refrigerant inflow opening is formed 

and that closes the opening of the cylindrical casing,  and 

 the one end part of  the refrigerant inflow piping is attached to the 
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refrigerant inflow opening of the lid part. 

[Supplementary note 22] 

 The refrigerant relay device according to supplementary note 21, 

wherein 

 one or more vapor tubes that allow gas-phase refrigerant to f low 5 

into the casing are connected to the cylindrical casing,  and 

 an extending direction of each connecting part between one of the 

vapor tubes and the cylindrical casing is  set so as not to pass through a 

central part in a cross section of the cylindrical casing when the cylindrical 

casing is  cross-sectioned along a perpendicular direction to an extending 10 

direction of the cylindrical casing.  

[Supplementary note 23] 

 The refrigerant relay device according to supplementary note 22, 

wherein 

 each connecting part  between one of the f irst vapor tubes and the 15 

cylindrical casing is disposed at a higher position in the vert ical direction 

than the central part in the cross section of the cylindrical casing.  

[Supplementary note 24] 

 The refrigerant relay device according to supplementary note 22 or 

23,  wherein 20 

 the cylindrical casing is formed into a circular cylindrical shape, 

and 

 an extending direction of each connecting part between one of the 

first vapor tubes and the cylindrical casing is set along a tangent line to an 

outer perimeter circle of the cylindrical casing.  25 

[Supplementary note 25] 

 The refrigerant relay device according to any one of supplementary 

notes 22 to 24,  wherein 

 an extending direction of each connecting part between one of the 
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first vapor tubes and the cylindrical casing is further set in a direction 

toward a side on which the refrigerant outflow opening is formed. 

 This application claims priority based on Japanese Patent 

Application No. 2015-203538, filed on Oct.  15, 2015, the entire disclosure 

of which is incorporated herein by reference. 5 

[Reference signs List]  

 [0100]  

 1000  Cooling device 

 1100  Rack 

 1110  Heating element 10 

 1200  Evaporator 

 1300  Coolant relay device 

 1310  Casing 

 1311  Bottom part  

 1320  Cylindrical casing 15 

 1321  Flange part  

 1323  Second vapor tube connecting part  

 1324  Second liquid tube connecting part  

 1330  First l id part  

 1331  First vapor tube connecting part  20 

 1332  First l iquid tube connecting part  

 1340  Second lid part  

 1350  First refrigerant outflow opening 

 1360  First refrigerant inflow opening 

 1370  Coolant inflow piping 25 

 1371  Opening part  

 1400  Condenser 

 1500  First vapor tube 

 1600  First l iquid tube 
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 1700  Second vapor tube 

 1800  Second liquid tube 
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[Document Name]  CLAIMS 

[Claim 1] A refrigerant relay device,  comprising:  

 a casing that retains liquid-phase refrigerant and gas-phase 

refrigerant;  

 a refrigerant inflow opening that allows the liquid-phase refrigerant 5 

to flow into the casing therethrough; 

 a refrigerant outflow opening that allows the gas-phase refrigerant 

to flow out of  the casing therethrough; and 

 a refrigerant inflow piping one end part of  which is connected to the 

refrigerant inflow opening, at the other end part of which an opening part 10 

is  formed, and that allows the liquid-phase refrigerant flowing into the 

refrigerant inflow opening to f low into the casing from the opening part,  

wherein 

 the casing is formed into a cylindrical shape and includes: 

  a cylindrical casing that has an opening at least at one end 15 

part thereof; and 

  a lid part on which the refrigerant inflow opening is formed 

and that closes the opening of the cylindrical casing,  and 

 the opening part is  disposed so as to face a bottom part of the 

casing.  20 

[Claim 2] The refrigerant relay device according to claim 1,  wherein the 

other end part of the refrigerant inflow piping is formed so as to extend 

toward a bottom part of the casing.  

[Claim 3] The refrigerant relay device according to claim 1 or 2, wherein 

the other end part of the refrigerant inflow piping is formed so as to extend 25 

in a lower vertical direction.  

[Claim 4] The refrigerant relay device according to any one of claims 1 to 

3,  wherein the one end part of  the refrigerant inflow piping is  attached to 

the refrigerant inflow opening of the lid part.  
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[Claim 5] The refrigerant relay device according to claim 4, wherein one or 

more vapor tubes that allow gas-phase refrigerant to f low into the casing 

are connected to the cylindrical casing,  and an extending direction of each 

connecting part between one of the vapor tubes and the cylindrical casing 

is  set so as not to pass through a central part in a cross section of the 5 

cylindrical casing when the cylindrical casing is cross-sectioned along a 

perpendicular direction to an extending direction of the cylindrical casing.  

[Claim 6] The refrigerant relay device according to claim 5,  wherein each 

connecting part between one of the f irst vapor tubes and the cylindrical 

casing is disposed at a higher position in the vertical direction than the 10 

central part in the cross section of the cylindrical casing.  

[Claim 7] The refrigerant relay device according to claim 5 or 6, wherein 

the cylindrical casing is formed into a circular cylindrical shape,  and an 

extending direction of each connecting part between one of the first vapor 

tubes and the cylindrical casing is set along a tangent line to an outer 15 

perimeter circle of  the cylindrical casing. 

[Claim 8] The refrigerant relay device according to any one of claims 5 to 

7,  wherein an extending direction of each connecting part between one of 

the first vapor tubes and the cylindrical casing is further set in a direction 

toward a side on which the refrigerant outflow opening is formed. 20 

[Claim 9] A cooling device,  comprising:  

 an evaporator that,  upon receiving heat  from a heating element, 

evaporates liquid-phase refrigerant retained internally by means of the heat 

of  the heating element and allows gas-phase refrigerant to flow out;  

 a condenser that condenses the gas-phase refrigerant flowing out of  25 

the evaporator and allows liquid-phase refrigerant to f low out; and 

 a refrigerant relay device according to any one of claims 1 to 8,  

wherein 

 the refrigerant relay device is connected to the evaporator and the 
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condenser,  retains the gas-phase refrigerant flowing out of  the evaporator 

and, in conjunction therewith,  allows the gas-phase refrigerant  to flow out 

to the condenser,  and retains the liquid-phase refrigerant flowing out of the 

condenser and, in conjunction therewith,  allows the liquid-phase 

refrigerant to f low out to the evaporator.  5 


