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(57) ABSTRACT 

A heat pipe able to switch between operation and suspension 
of heat transport When used for a bottom heat type and able 
to prevent the condensed Working medium from dropping to 
the evaporator side and a Waste heat recovery system using 
the same are provided. A heat pipe having an evaporator set 
at one end of a tubular closed container and using heat of an 
outside high temperature part to cause the inside Working 
medium to evaporate and a condenser set at the other end 
side of the closed container and radiating heat to an outside 
loW temperature part to cause the evaporated Working 
medium to condense, Wherein the evaporator is arranged 
beloW the condenser and has a holding means holding the 
lique?ed Working medium condensed by the condenser 
along With an increase in the amount of heat received by the 
evaporator to prevent return to the evaporator. 
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HEAT PIPE 

TECHNICAL FIELD 

[0001] The present invention relates to a heat pipe suitable 
for recovering the Waste heat of exhaust gas of for example 
a vehicular internal combustion engine and using it for 
heating cooling Water of the internal combustion engine and 
a Waste heat recovery system using the same. 

BACKGROUND ART 

[0002] In the past, as a vehicular heating system using a 
heat pipe, for example, the one shoWn in Japanese Utility 
Model Publication (A) No. 59-16211 is knoWn. This 
arranges an evaporator of the heat pipe (loop type) in an 
exhaust passage of the engine, arranges a condenser of the 
heat pipe at an air outlet side of a heating use heater core, 
uses the heat pipe to directly transport exhaust heat to the 
heating use air, and thereby tries to secure heating perfor 
mance in a short time after engine startup. 

[0003] In this vehicular heating system, the heat pipe is 
provided at its middle part With a valve means. When the 
heating use air temperature obtained by the temperature 
sensor becomes a predetermined value, the valve means is 
closed and heat transport by the heat pipe is stopped. 

[0004] HoWever, in the art described in the above Japanese 
Utility Model Publication (A) No. 59-16211, When arrang 
ing the evaporator of the heat pipe at the bottom side and the 
condenser at the top side, that is, When used as the so-called 
“bottom heat” type, if the drops of Water condensed by the 
condenser at the time the heat transport operation stops drop 
to the evaporator side due to vibration etc. during vehicle 
operation, rapid evaporation occurs, so the internal pressure 
of the heat pipe rapidly rises and the heat pipe is liable to 
rupture or the repeated pressure ?uctuation is liable to cause 
the heat pipe to break. This phenomenon is particularly 
remarkable in a Wickless bottom heat type heat pipe. 

DISCLOSURE OF THE INVENTION 

[0005] An object of the present invention, in consideration 
of the above problem, is to provide a heat pipe able to sWitch 
betWeen operation and suspension of heat transport When 
used for a bottom heat type and able to prevent the con 
densed Working medium from dropping to the evaporator 
side and a Waste heat recovery system using the same. 

[0006] The present invention achieves the above object by 
employing the folloWing technical means. 

[0007] In a ?rst aspect of the present invention, there is 
provided a heat pipe having an evaporator (110A) set at one 
end of a tubular closed container (111) and using heat of an 
outside high temperature part (11) to cause the inside 
Working medium to evaporate and a condenser (110B) set at 
the other end of the closed container (111) and radiating heat 
to an outside loW temperature part (30) to cause the evapo 
rated Working medium to condense, Wherein the evaporator 
(110A) is arranged beloW the condenser (110B) and has a 
holding means (112) holding the lique?ed Working medium 
condensed by the condenser (110B) along With an increase 
in the amount of heat received by the evaporator (110A) to 
prevent return to the evaporator (110A). 

[0008] Due to this, since return of the lique?ed Working 
medium along With an increase in the amount of heat 
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received by the evaporator (110A) is prevented by the 
holding means (112), it becomes possible to sWitch betWeen 
operation and suspension of heat transport by the simple 
con?guration of the holding means (112) in a heat pipe (110) 
When used as a bottom heat type. 

[0009] Here, the lique?ed Working medium at the time of 
suspension of heat transport is held by the holding means 
(112), so the lique?ed Working medium can be prevented 
from dropping doWn into the evaporator (110A) due to 
outside vibration etc. That is, since rapid evaporation at the 
evaporator (110A) side can be prevented, there is no longer 
the risk of the inside pressure of the heat pipe (110) rapidly 
rising and the heat pipe (110) rupturing or repeated pressure 
?uctuation causing the heat pipe (110) to break. 

[0010] In a second aspect of the present invention, there is 
provided a heat pipe Where the evaporator (110A) is 
arranged under the condenser (110B) and has a holding 
means (112) Which holds the lique?ed Working medium 
condensed by the condenser (110B) When the temperature of 
the outside loW temperature part (30) becomes a predeter 
mined value or more so as to prevent return to the evaporator 

(110A), Whereby an effect similar to the ?rst aspect can be 
obtained. 

[0011] The holding means (112), in a third aspect of the 
present invention, may be made a valve element (112) 
provided betWeen the evaporator (110A) and the condenser 
(110B) and opening and closing a return passage (11111) of 
the lique?ed Working medium. 

[0012] In a fourth aspect of the present invention, the 
valve element (112) has a passage (11219) through Which a 
steam Working medium evaporated by the evaporator 
(110A) circulates and a dam part (112a) preventing out?oW 
of the lique?ed Working medium to the passage (112b) side. 

[0013] Due to this, even after the valve element (112) is 
closed, the steam Working medium from the evaporator 
(110A) passes through the passage (11219) and reaches the 
condenser (110B) Where it is condensed, so a rise in the 
inside pressure in the evaporator (110A) can be prevented. 
Further, the dam part (11211) of the valve element (112) can 
reliably hold the lique?ed Working medium and prevent 
in?oW from the passage (11219) to the evaporator (110A). 

[0014] In a ?fth aspect of the present invention, the height 
of the dam part (11211) is set higher by a predetermined 
amount than the level of the lique?ed Working medium 
prevented from ?oWing out to the passage (112b) side. 

[0015] Due to this, the valve element (112) of the fourth 
aspect may be made a speci?c aspect enabling the lique?ed 
Working medium to be prevented from dropping doWn into 
the evaporator (110A) due to outside vibration etc. 

[0016] In a sixth aspect of the present invention, the valve 
element (112) is driven by heat expansion and heat shrink 
age of the thermal Wax (113) provided at the condenser 
(110B). 
[0017] Due to this, the valve element (112) can be opened 
and closed in accordance With the temperature of the loW 
temperature part (30) corresponding to the condenser 
(110B). That is, When desiring to keep the temperature of the 
loW temperature part (30) doWn to a predetermined tem 
perature, the valve element (112) can be closed at a prede 
termined temperature and heat transport of the heat pipe 
(110) can be stopped. 
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[0018] Further, in a seventh aspect of the present inven 
tion, the holding means may be made an area enlarging part 
enlarging the area of the surface of the inside Wall of the 
condenser (110B). 

[0019] Speci?cally, in an eighth aspect of the present 
invention, the area enlarging part preferably uses a Wick. 

[0020] A ninth aspect of the present invention relates to a 
Waste heat recovery system using a heat pipe (110) of the 
?rst aspect, Wherein an evaporator (110A) of a heat pipe 
(110) is arranged in an exhaust pipe (11) for circulation of 
exhaust gas of an internal combustion engine (10), a con 
denser (110B) is arranged in a cooling Water passage (3 0) for 
circulation of cooling Water of the internal combustion 
engine (10), and the heat pipe (110) is used for transporting 
Waste heat of the exhaust gas to the cooling Water. 

[0021] Further, the reference numerals in parentheses of 
the above means shoW the correspondence With the speci?c 
means described in the embodiments later. 

[0022] BeloW, the present invention Will be better under 
stood from the attached draWings and the description of the 
preferred embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a schematic vieW shoWing the state of the 
Waste heat recovery system mounted in a vehicle. 

[0024] FIG. 2 is a side vieW of a Waste heat recovery 
system in a ?rst embodiment. 

[0025] FIG. 3 is a cross-sectional vieW in a part A-A of 
FIG. 2. 

[0026] FIG. 4 is a cross-sectional vieW shoWing a valve 
element in a heat pipe in a ?rst embodiment (valve opening 
state). 
[0027] FIG. 5 is a cross-sectional vieW shoWing a valve 
element in a heat pipe in a ?rst embodiment (valve closing 
state). 
[0028] FIG. 6 is a perspective vieW of a valve element 
seen from the B direction in FIG. 4. 

[0029] FIG. 7 is a graph shoWing an operating state and a 
suspended state of a heat transport function of a heat pipe 
With respect to the cooling Water temperature. 

[0030] FIG. 8 is a cross-sectional vieW shoWing a valve 
element in a heat pipe in a second embodiment (valve 
opening state). 
[0031] FIG. 9 is a cross-sectional vieW shoWing a valve 
element in a heat pipe in a second embodiment (valve 
closing state). 
[0032] FIG. 10 is a graph shoWing an amount of heat 
conduction to engine cooling Water according to a Waste 
heat recovery system in a second embodiment. 

BEST MODE FOR WORKING THE INVENTION 

[0033] (First Embodiment) 
[0034] AWaste heat recovery system 100 in a ?rst embodi 
ment of the present invention is applied to a vehicle (auto 
mobile) having an engine 10 as a drive source for operation. 
First, a speci?c con?guration is explained beloW using FIG. 
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1 to FIG. 6. Further, FIG. 1 is a schematic vieW shoWing the 
state of the Waste heat recovery system 100 mounted in a 
vehicle, FIG. 2 is a side vieW shoWing a Waste heat recovery 
system 100, FIG. 3 is a cross-sectional vieW in a part A-A 
of FIG. 2, FIG. 4 and FIG. 5 are cross-sectional vieWs 
shoWing a valve element 112 in a heat pipe 110, and FIG. 
6 is a perspective vieW shoWing a valve element 112 seen 
from the B direction in FIG. 4. 

[0035] As shoWn in FIG. 1, the engine 10 is a Water 
cooled type internal combustion engine Which has an 
exhaust pipe (corresponding to the high temperature part in 
the present invention) 11 from Which exhaust gas after fuel 
is burned is exhausted. The exhaust pipe 11 is provided With 
a catalytic converter 12 for purifying the exhaust gas. 

[0036] Further, the engine 10 has a radiator circuit 20 in 
Which engine cooling Water (hereinafter, cooling Water) is 
circulated to cool the engine 10 and a heater circuit 30 using 
cooling Water (Warm Water) as a heat source to heat the 
air-conditioning air. 

[0037] The radiator circuit 20 is provided With a radiator 
21. The radiator 21 cools the cooling Water circulated by the 
Water pump 22 by heat exchange With the outside air. 
Further, the radiator circuit 20 is provided With a bypass 
passage (not shoWn) through Which the cooling Water is 
circulated bypassing the radiator 21. A thermostat (not 
shoWn) is used to adjust the amount of the cooling Water 
circulating through the radiator 21 and the amount of 
cooling Water circulating through the bypass passage. In 
particular, at the time of engine Warmup, the amount of 
cooling Water at the bypass passage side is increased and 
engine Warmup is promoted. That is, overcooling of the 
cooling Water by the radiator 21 is prevented. 

[0038] The heater circuit (corresponding to the loW tem 
perature part in the present invention and cooling Water 
passage) 30 is provided With a heater core 31 as a heating use 
heat exchanger. The Water pump 22 is used for circulation of 
the cooling Water (Warm Water). The heater core 31 is 
arranged in an air-conditioning case of a not shoWn air 
conditioning unit. Air-conditioning air bloWn by a bloWer is 
heated by heat exchange With the Warm Water. 

[0039] The Waste heat recovery system 100, as shoWn in 
FIG. 2 and FIG. 3, is comprised of a plurality of (here, 
three) heat pipes 110 at the outsides of Which ?ns 120 are 
provided. One end of each heat pipe 110 (evaporator 110A) 
is arranged in an exhaust pipe part 130, While the other end 
(condenser 110B) is arranged in the Water tank 140. The 
members forming the Waste heat recovery system 100 
(explained beloW) are comprised of a stainless steel material 
provided With a high corrosion resistance. The members are 
assembled, then are soldered together by solder material 
provided at the abutting parts and engaging parts. 

[0040] Each heat pipe 110 has a container 111, valve 
element 112, and thermostat 113. Inside of the container 111, 
a Working medium is sealed. The container (corresponding 
to the closed container in the present invention) 111 is 
comprised of a straight round tube Which is used in a posture 
With its longitudinal direction oriented in the vertical direc 
tion. The top end side of the container 111 is opened. This 
opening is closed by fastening a thermostat 113 there. The 
thermostat 113 is a temperature sensing part in Which 
thermal Wax expanding and shrinking in accordance With the 
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temperature is sealed. Further, the valve element 112 is the 
characterizing part in the present embodiment. Details Will 
be explained later. 

[0041] Further, each heat pipe 110 is provided With a not 
shown inlet. The inside of the heat pipe 110 is evacuated to 
a vacuum (reduced in pressure) from this inlet, then a 
Working medium is sealed in them, then the inlet is sealed. 
The Working medium used here is Water. Water has a boiling 
point of usually (at one atmosphere) 100° C., but since the 
tube 110 is reduced in pressure (for example, to 0.04 
atmosphere), the boiling point becomes 30 to 400 C. Further, 
the Working medium used may also be, in addition to Water, 
alcohol, a ?uorocarbon, freon, etc. 

[0042] Each heat pipe 110 of this con?guration forms an 
evaporator 110A at the bottom side, a condenser 110B at the 
top side, and an insulating part 110C betWeen the tWo 110A, 
110B and functions as a bottom heat type. 

[0043] A plurality of the heat pipes 110 are arranged. The 
outside Walls of the parts of the heat pipes 110 corresponding 
to the evaporator 110A and condenser 110B have plate type 
?ns 120 formed from a thin sheet material joined to them. 
Further, the evaporators 110A formed by the heat pipes 110 
are arranged in the exhaust pipe part 130 forming a square 
cross-section duct, While the condensers 110B are arranged 
in a Water tank 140 forming a box shaped vessel. Further, the 
Water tank 140 has an inlet pipe 141 and outlet pipe 142 
connected to the inside of the Water tank 140 joined to it at 
facing sides. 

[0044] Further, the characterizing part of this embodiment 
is the provision of a valve seat 1111) inside each heat pipe 110 
and a valve element 112 connected from the thermostat 113 
and able to sit on the valve seat 1111). 

[0045] As shoWn in FIG. 4 to FIG. 6, the valve seat 1111) 
is positioned betWeen the evaporator 110A and condenser 
110B of the heat pipe 110 (container 111) (insulating part 
110C), sticks out from the inside Wall surface 11111 of the 
container 111 to the axial center, and thereby forms a ring 
shape in the circumferential direction at the inside Wall 
surface 111a. 

[0046] The valve element 112 (corresponding to the hold 
ing part in the present invention) is based on a disk shaped 
member. At the outer circumference, it has a vertical Wall 
part (corresponding to the dam part of the present invention) 
112a forming a ring in cross-sectional shape extending in the 
vertical direction in the circumferential. Further, at the axial 
center side from the vertical Wall part 112a, a plurality of 
hole parts (corresponding to the passage in the present 
invention) 1121) are formed passing through the disk shaped 
part and forming fan shapes. Further, the disk shaped part is 
integrally provided at its axial center With a shaft 1120 Which 
is connected to a thermostat 113 at the top side. The shaft 
112c abuts against the thermal Wax in the thermostat 113 and 
is biased to the thermal Wax side by a not shoWn spring 
member. Therefore, conditional on the temperature of the 
outside of the thermostat 113 (corresponding to the tem 
perature of the loW temperature part of the present invention, 
speci?cally, the temperature of the cooling Water circulating 
through the Water tank 140) not satisfying the predetermined 
temperature (corresponding to the predetermined value in 
the present invention, for example, 900 C.), shrinkage of the 
thermal Wax causes the shaft 1120 to be biased by the spring 
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member to the thermostat 113 side and the bottom end of the 
vertical Wall part 11211 of the valve element 112 and the 
valve seat 1111) to separate (valve opening state) (FIG. 4). 

[0047] Further, conditional on the temperature of the out 
side of the thermostat 113 being the predetermined tempera 
ture or more, the shaft 1120 is pushed by expansion of the 
thermal Wax (expansion force of thermal Wax overcoming 
biasing force of spring member) to the opposite thermostat 
side and the bottom end of the vertical Wall part 11211 of the 
valve element 112 sits on the valve seat 1111) (valve closing 
state) (FIG. 5). 
[0048] When the valve element 112 sits on the valve seat 
111b, the inside Wall surface 111a, valve seat 111b, and 
vertical Wall part 112a form a space M opening upWard. This 
space M, as explained later, forms a space in Which con 
densed Water condensed by the condenser 110B is held. The 
volume of the space M is set to be at least the maximum 
amount of the condensed Water. In other Words, the top end 
position of the vertical Wall part 11211 is set to become higher 
by a predetermined amount than the level of the maximum 
amount of the condensed Water. 

[0049] The Waste heat recovery system 100 is formed in 
the above Way. The exhaust pipe part 130 is interposed in the 
exhaust pipe 11 forming the part becoming the doWnstream 
side of the catalytic converter 12. Further, the tWo pipes 141 
and 142 of the Water tank 140 are connected to the heater 
circuit 30 (FIG. 1). 

[0050] Next, the operation based on the above con?gura 
tion and the mode of action and effects of the same Will be 
explained With addition of FIG. 7. FIG. 7 is a graph 
shoWing the operating state and suspended state of the heat 
transport function of a heat pipe 110 With respect to the 
cooling Water temperature. 

[0051] Along With the startup of the engine 10, the Water 
pump 22 is activated. The cooling Water circulates through 
the radiator circuit 20 and the heater circuit 30. The exhaust 
gas of the fuel burned by the engine 10 passes through the 
catalytic converter 12, ?oWs through the exhaust pipe 11 and 
exhaust pipe part 130, passes the outside of the evaporator 
110A of each heat pipe 110 in the Waste heat recovery 
system 100, and is discharged to the atmosphere. Further, the 
cooling Water circulating through the heater circuit 30 
circulates through the inside of the Water tank 140 and 
passes outside of the condenser 110B of each heat pipe 110. 

[0052] In the Waste heat recovery system 100, after the 
engine 10 is started and until the cooling Water temperature 
reaches a predetermined temperature, as shoWn in FIG. 4, 
the Water (Working medium) in each heat pipe 110 receives 
heat from the exhaust gas ?oWing through the exhaust pipe 
part 130 and boils and vaporiZes at the evaporator 110A to 
become steam. This rises through the inside of the heat pipe 
110, passes through the hole parts 112!) of the valve element 
112 and betWeen the vertical Wall part 112a and the inside 
Wall surface 11111 to How into the condenser 110B. The 
steam ?oWing into the condenser 110B is cooled by the 
cooling Water ?oWing through the inside of the Water tank 
140, becomes condensed Water at the inside Wall surface 
111a, descends due to gravity, and returns along the inside 
Wall surface 111ato the evaporator 110A. The inside Wall 
surface 111a forms a return passage by Which the condensed 
Water ?oWs doWn and is returned. 
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[0053] In this Way, the heat of the exhaust gas is trans 
mitted to the Water and transported from the evaporator 
110A to the condenser 110B. When the steam is condensed 
by the condenser 110B, it is discharged as latent heat of 
condensation, Whereby the cooling Water ?oWing through 
the heater circuit 30 is heated (Waste heat recovery opera 
tion). Further, part of the heat of the exhaust gas is trans 
ferred from the evaporator 110A to the condenser 110B due 
to heat conduction through the outside Wall of the heat pipe 
110. 

[0054] Therefore, When the outside air temperature is 
relatively loW or the cooling Water temperature reaches a 
predetermined temperature after the engine 10 is started etc., 
Waste heat recovery is executed by the heat pipe 110 (left 
side of time axis in FIG. 7), the cooling Water is positively 
heated, and Warmup of the engine 10 is promoted, so the 
friction loss of the engine 10 is reduced, the increase in fuel 
for improving the loW temperature starting ability is sup 
pressed, etc. and the fuel economy performance is improved. 
Further, the heating performance of the heater core 31 
having the cooling Water as a heat source is improved. 

[0055] On the other hand, When the heat transport of the 
heat pipe 110 (or operating conditions of the engine 10 etc.) 
results in the cooling Water temperature reaching a prede 
termined temperature or more, as shoWn in FIG. 5, the 
thermostat 113 causes the shaft 1120 to be pushed to the 
opposite thermostat side (White arroW in FIG. 5) and the 
vertical Wall part 11211 of the valve element 112 to sit on the 
valve seat 1111). This being the case, the condensed Water 
condensed at the condenser 110B is held at the space M 
forming the outer circumference of the valve element 112 
and return of the condensed Water to the evaporator 110A is 
obstructed. After this, When evaporation at the evaporator 
110A proceeds, the steam passes through the hole parts 112!) 
of the valve element 112 and ?oWs into the condenser 110B, 
then is condensed at the condenser 110B. Further, When 
evaporation at the evaporator 110A proceeds, the Water in 
the evaporator 110A completely evaporates and becomes 
steam, Whereupon heat transport is stopped. That is, Waste 
heat recovery is suspended (right side of time axis in FIG. 
7, and heating of the cooling Water is suspended (Waste heat 
recovery suspended). 

[0056] Therefore, if Waste heat recovery is continued 
along With the elapse of time after startup of the engine 10 
and While the cooling Water temperature is rising, the 
cooling Water temperature overly rises, the heat radiating 
ability of the radiator 20 is exceeded, and overheating 
results. By sWitching to suspension of Waste heat recovery, 
this inconvenience is prevented. 

[0057] Here, in the present embodiment, by providing 
each heat pipe 110 With a valve element 112 closed by the 
thermostat 113 and forming a space M at the outer circum 
ference of the valve element 112 at the time of valve closing, 
the condensed Water from the condenser 110B is held and 
return to the evaporator 110A is inhibited. In this Way, in 
each heat pipe 110 used as a bottom heat type, operation and 
suspension of heat transport can be sWitched by this simple 
con?guration. 

[0058] Further, the condensed Water at the time of sus 
pension of heat transport is held at the space M by the valve 
element 112, but since the position of the top end of the 
vertical Wall part 11211 is set su?iciently higher than the level 
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of the held condensed Water (higher by predetermined 
amount), it is possible to prevent condensed Water from 
dropping doWn to the evaporator 110A due to vibration etc. 
of the vehicle. That is, rapid evaporation at the evaporator 
110A side can be prevented, so there is no longer any risk of 
the inside pressure of the heat pipe 110 rapidly rising and the 
heat pipe 110 rupturing or of repeated pressure ?uctuations 
causing the heat pipe 110 to break. 

[0059] Further, since the valve element 112 is provided 
With hole parts 112b, even after the valve element 112 is 
closed, steam from the evaporator 110A passes through the 
hole parts 112b, reaches the condenser 110B, and is con 
densed, so a rise in the inside pressure of the evaporator 
110A can be prevented. 

[0060] Further, since the valve element 112 is opened and 
closed by the thermostat 113, heat transport of the heat pipe 
110 can be suspended based on the cooling Water tempera 
ture. 

[0061] (Second Embodiment) 
[0062] A second embodiment of the present invention is 
shoWn in FIG. 8 to FIG. 10. The second embodiment is 
comprised of the ?rst embodiment simpli?ed in the con 
?guration of the valve element 112A. That is, in the art 
described in Patent Document 1 in the section on the 
Background Art, a temperature sensor or valve means is 
used for operating and suspending heat transport by the heat 
pipe. Further, in actuality, control means for opening and 
closing the valve means in accordance With the temperature 
from the temperature sensor also becomes necessary and 
therefore the cost becomes higher. This solves the problem 
and prevents condensed Water from dropping doWn at the 
time of suspension of heat transport. 

[0063] The container 111A of the heat pipe 110 is a sealed 
vessel closed from the top end side as Well. The thermostat 
113 is eliminated. Further, the valve element 112A is com 
prised of a disk shaped part formed With a vertical Wall part 
112a and hole parts 11219. The shaft 1120 is eliminated. That 
is, the valve element 112A is arranged in a free state above 
the valve seat 1111) Without support from other members. 

[0064] Further, the amount of Water sealed in the heat pipe 
110 is adjusted in advance to an amount completely evapo 
rating in the evaporator 110A When the exhaust gas tem 
perature (amount of Waste head), Which rises in accordance 
With the load of the engine 10, exceeds a predetermined 
exhaust gas temperature. 

[0065] In the present embodiment, after the engine 10 is 
started, When the exhaust gas temperature accompanying the 
engine load becomes a predetermined exhaust gas tempera 
ture or less, the steam evaporated at the evaporator 110A 
rises, passes through the hole parts 112!) of the valve element 
112A, and reaches the condenser 110B. At this time, due to 
the upWard How of steam (steam ?oW rate), the valve 
element 112A is lifted up further than the valve seat 1111) 
(valve opening state of FIG. 8). 

[0066] The steam ?oWing into the condenser 110B is 
cooled by the cooling Water ?oWing through the inside the 
Water tank 140, becomes condensed Water at the inside Wall 
surface 111a, descends due to gravity, and is returned along 
the inside Wall surface 111ato the evaporator 110A. There 
fore, due to the heat transport function of the heat pipe 110, 
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the cooling Water is positively heated (left side of abscissa 
in FIG. 10, Waste heat recovery operation). 

[0067] On the other hand, When the exhaust gas tempera 
ture accompanying engine load exceeds a predetermined 
exhaust gas temperature (along With an increase in the 
amount of heat received by the evaporator 110A), the Water 
of the evaporator 110A completely evaporates and there is 
no longer any upWard How of steam, so the valve element 
112A sits on the valve seat 1111) (valve closing state of FIG. 
8). Therefore, the condensed Water condensed at the con 
denser 110B, like in the ?rst embodiment, is held in the 
space at the outer circumference of the valve element 112A, 
the return of the condensed Water to the evaporator 110A is 
inhibited, and heat transport is stopped (right side of abscissa 
in FIG. 10, Waste heat recovery suspended). 

[0068] After this, When the engine 10 stops being oper 
ated, the exhaust gas is no longer supplied to the evaporator 
110A, so the evaporator 110A rapidly falls in temperature. 
Further, since the cooling Water has a large heat capacity, it 
holds the high temperature (approximately 80° C.) for a 
While, this cooling Water side (condenser 110B) becomes the 
evaporator of the heat pipe 110, the exhaust gas side 
(evaporator 110A) becomes the condenser, and the original 
operation is reversed. Further, the condensed Water held in 
the space M gradually evaporates, passes through the hole 
parts 112!) of the valve element 112A, and condenses at the 
exhaust gas side (evaporator 110A), Whereby the heat pipe 
110 returns to the original state. 

[0069] In the present embodiment, even if the cooling 
Water temperature does not suf?ciently rise, once the engine 
10 engages in a high load operation and the exhaust gas 
temperature becomes higher than a predetermined exhaust 
gas temperature, there is the problem that the valve element 
112A ends up sitting on the valve seat 1111) and return to the 
original state becomes dif?cult until the engine 10 is turned 
olf once, but compared With the ?rst embodiment, there is 
the merit of being far cheaper. 

[0070] Further, in the present embodiment, the vertical 
Wall part 11211 is provided at the outer circumference of the 
valve element 112A, but even if provided around the hole 
parts 112b, the Water holding function can be similarly 
secured. 

[0071] (Other Embodiments) 

[0072] In the second embodiment, the valve element 112A 
Was used as the holding means of the condensed Water, but 
instead of this it is also possible to use an area enlarging part 
enlarging the area of the inside Wall surface of the condenser 
110B. Speci?cally, the area enlarging part may be made a 
Wick comprised of metal mesh, metal felt, foam metal, 
sintered metal, etc. An effect similar to the second embodi 
ment can be obtained. 

[0073] Further, the heat pipe 110 (container 111) Was 
shaped as a round tube, but the invention is not limited to 
this and may also be made an angular tube, ?at tube, 
multi-hole tube, etc. 

[0074] Further, the explanation Was given of a high tem 
perature part comprised of the exhaust pipe 11, a loW 
temperature part comprised of the heater circuit 30, and the 
heat of the exhaust gas being transported to the cooling 
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Water, but it is also possible to use the Waste heat of the heat 
generating equipment for heating a predetermined location. 

[0075] Note that the present invention Was explained in 
detail based on speci?c embodiments, but a person skilled in 
the art can make various changes, modi?cations, etc. With 
out departing from the claims and concept of the present 
invention. 

1. A heat pipe comprising 

an evaporator provided at one end of a tubular closed 
container, and using heat of an outside high tempera 
ture part to cause the inside Working medium to evapo 
rate and 

a condenser provided at the other end side of the closed 
container and radiating heat to an outside loW tempera 
ture part to cause the evaporated Working medium to 
condense, Wherein 

the evaporator is arranged beloW the condenser and has a 
holding means holding the lique?ed Working medium 
condensed by the condenser along With an increase in 
the amount of heat received by the evaporator to 
prevent return to the evaporator. 

2. A heat pipe comprising 

an evaporator provided at one end of a tubular closed 
container, and using heat of an outside high tempera 
ture part to cause the inside Working medium to evapo 
rate and 

a condenser provided at the other end side of the closed 
container and radiating heat to an outside loW tempera 
ture part to cause the evaporated Working medium to 
condense, Wherein 

the evaporator is arranged beloW the condenser and has a 
holding means holding the lique?ed Working medium 
condensed by the condenser When a temperature of said 
loW temperature part becomes a predetermined value or 
more to prevent return to the evaporator. 

3. Aheat pipe as set forth in claim 1, Wherein said holding 
means is made a valve element provided betWeen the 
evaporator and the condenser, and opening and closing a 
return passage of the lique?ed Working medium. 

4. A heat pipe as set forth in claim 3, Wherein said valve 
element has 

a passage through Which a steam Working medium evapo 
rated by the evaporator circulates and 

a dam part preventing out?oW of the lique?ed Working 
medium to the passage side. 

5. A heat pipe as set forth in claim 4, Wherein a height of 
the dam part is set higher by a predetermined amount than 
the level of the lique?ed Working medium prevented from 
?oWing out to the passage side. 

6. A heat pipe as set forth in claim 3, Wherein the valve 
element is driven by heat expansion and heat shrinkage of 
thermal Wax provided at the condenser. 

7. A heat pipe as set forth in claim 1, Wherein the holding 
means is made an area enlarging part enlarging the area of 
the surface of the inside Wall of the condenser. 
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8. A heat pipe as set forth in claim 7, wherein the area 
enlarging part is a Wick. 

9. A Waste heat recovery system using a heat pipe, 
Wherein 

an evaporator of a heat pipe as set forth in claim 1 is 
arranged in an exhaust pipe for circulation of exhaust 
gas of an internal combustion engine, 
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a condenser is arranged in a cooling Water passage for 
circulation of cooling Water of the internal combustion 
engine, and 

the heat pipe is used for transporting Waste heat of the 
exhaust gas to the cooling Water. 

* * * * * 


