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(57) ABSTRACT 
A?uid temperature control device, Which has a high cooling 
capacity, Wide controllable temperature range and an excel 
lent temperature control accuracy. A transparent cylinder (3) 
is inserted in a cylindrical-shaped vessel (1), and a colum 
nar-shaped heating lamp (5) is inserted in the transparent 
cylinder A ?uid desired to be temperature controlled is 
made to ?oW in a passage (25) betWeen the vessel (1) and the 
transparent cylinder Joined to an outer peripheral sur 
face of the vessel (1) is a thermoelectric conversion element 

(7), to an outer surface of Which is joined a cooling pipe A cooling liquid is made to ?oW in the cooling pipe Fluid heating is effected by the heating lamp Fluid 

cooling is effected by the cooling liquid and the thermo 
electric conversion element (7) forcedly absorbs heat from 
the ?uid and discharges heat to the cooling liquid to thereby 
cool the ?uid rapidly and cool the ?uid to a temperature 
loWer than that of the cooling liquid. Further, the thermo 
electric conversion element (7) is used to suppress cooling 
by the cooling liquid and control an amount of cooling With 
good accuracy and good responsiveness. 
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F I G . 4B 
THERMOELECTRIC CONVERSION ELEMENT 

FIG.4A THERMOELECTRIC CONVERSION ELEMENT 
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FLUID TEMPERATURE CONTROL DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a ?uid temperature 
control device, and more particularly to an improved con 
struction for cooling a ?uid. 

BACKGROUND ART 

[0002] A circulating ?uid is often used to control the 
temperature of a processing chamber or Walls of a device, 
such as an constant-temperature tank, semiconductor manu 
facturing device (etching device or CVD device for 
example), or plastic plate thermocompression molder. In 
Japanese Patent Laid-open No. 7-280470 and Japanese 
Patent Laid-open No.7-308592 are disclosed devices suit 
able for controlling the temperature of a circulating ?uid. 

[0003] The device disclosed in Japanese Patent Laid-open 
No.7-280470 has an electric heater inserted into a pipe in 
Which is ?oWing a ?uid; covering the outside surface of this 
pipe is an even larger pipe, and cooling Water is made to ?oW 
betWeen the outside pipe and inside pipe. The electric heater 
and the cooling Water are used to control the temperature of 
the ?uid. 

[0004] The device disclosed in Japanese Patent Laid-open 
No.7-308592 has a radiator joined via a thermoelectric 
conversion element to a heat transfer block, on the inside of 
Which is made to ?oW a ?uid. The ?uid ?oWing in the block 
is cooled or heated by the thermoelectric conversion ele 
ment. The heat absorbed by the thermoelectric conversion 
element from the ?uid is discharged to the atmosphere by a 
radiator. 

[0005] The above-mentioned conventional ?uid tempera 
ture control devices have the folloWing disadvantages, in 
particular as relates to cooling performance. 

[0006] The device in Japanese Patent Laid-open No.7 
280470 cannot cool the ?uid beloW the temperature of the 
cooling liquid, Which means it has a narroW cooling tem 
perature range. Further, in general, it is dif?cult to make ?ne 
adjustments to the cooling liquid temperature or ?oW vol 
ume, so if the ?uid temperature is not ?nely adjusted by also 
using a heater during cooling, then the ?uid cannot be cooled 
to the target temperature With good accuracy. 

[0007] The device of Japanese Patent Laid-open No.7 
308592 discharges heat to the atmosphere from a thermo 
electric conversion element during cooling, but the loW heat 
capacity of the atmosphere causes the cooling capacity to be 
loW, Which means it is dif?cult to process a large quantity of 
?uid in a short time. Further, because the thermoelectric 
conversion element is used for both heating and cooling, the 
controllable temperature range is not very Wide and the life 
of the thermoelectric conversion element is shortened. 

DISCLOSURE OF THE INVENTION 

[0008] An object of the present invention is to provide a 
?uid temperature control device With high cooling capacity, 
Wide controllable temperature range, and excellent tempera 
ture control accuracy. 

[0009] An additional object of the present invention is to 
provide a ?uid temperature control device With simple 
cooling amount control. 
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[0010] In accordance With a ?rst aspect of the present 
invention, the ?uid temperature control device comprises a 
?uid passage in Which ?oWs a ?uid, a cooling liquid passage 
in Which ?oWs a cooling liquid, and thermoelectric conver 
sion elements situated betWeen the ?uid passage and the 
cooling liquid passage so as to alloW heat to be absorbed 
from the ?uid and heat to be discharged to the cooling liquid. 

[0011] By placing the thermoelectric conversion elements 
betWeen the ?uid passage and the cooling liquid passage to 
effect absorption of heat from the ?uid and discharge of heat 
to the cooling liquid, the ?uid temperature control device 
affords larger cooling capacity than conventional devices, 
Which performs cooling by means of the cooling liquid alone 
or discharge heat from the thermoelectric conversion ele 
ments to the atmosphere, and alloWs the ?uid to be cooled 
to a temperature beloW the temperature of the cooling liquid. 
Further, the thermoelectric conversion elements not only 
increase the amount of cooling but can also act to suppress 
the amount of cooling by the cooling liquid to alloW ?ne 
control of the amount of cooling, Which is dif?cult to achieve 
using just a cooling liquid. 

[0012] It is desirable that the ?uid temperature control 
device further comprise a heater that is placed in the 
proximity of the ?uid passage. It is desirable that the heater 
be a lamp that emits infrared light. This makes it possible to 
effect heating and cooling of the ?uid over a Wide tempera 
ture range. 

[0013] In a preferred embodiment, there is a cylindrical 
vessel and along the outside surface of this vessel are placed 
thermoelectric conversion elements. A transparent cylinder 
is inserted into the vessel, and the space betWeen the outside 
surface of the transparent cylinder and the inside surface of 
the vessel forms the ?uid passage. Into the transparent 
cylinder is inserted an infrared light emitting lamp that acts 
as a heater. The thermoelectric conversion elements can be 
joined to the outside surface of the vessel or can be embed 
ded in the Wall of the vessel. The thermoelectric conversion 
elements are placed over substantially the entire outside 
surface area of the vessel. On the exterior of the thermo 
electric conversion elements is placed a cooling liquid 
passage. The cooling liquid passage can be formed by 
joining to the thermoelectric conversion elements the tubes 
in Which ?oWs the cooling liquid, or by ?tting a larger 
diameter outer cylinder about the exterior of the vessel so 
that the space betWeen the inside surface of the outer 
cylinder and the outside surface of the vessel or the outside 
surfaces of the thermoelectric conversion elements forms a 
cooling liquid passage. Further, a large number of ?ns are 
placed in the ?uid passage and the cooling liquid passage. 

[0014] Water or refrigerant from a refrigeration circuit can 
be used as the cooling liquid in the cooling liquid passage of 
the ?uid temperature control device of the present invention. 
Alternatively, anti-freeZe can be cooled by a refrigeration 
circuit and then made to ?oW in the cooling liquid passage. 

[0015] In accordance With a second aspect of the present 
invention, the ?uid temperature control device comprises a 
cylindrical vessel having a ?uid passage along its inner 
surface and thermoelectric conversion elements placed on 
the Wall of the vessel for absorbing heat from the ?uid. 

[0016] Because the ?uid temperature control device 
alloWs the thermoelectric conversion elements to be placed 
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on the Wall of the cylindrical vessel so as to surround the 
?uid passage, a cooling capacity that is high given the siZe 
of the device can be achieved, as can a Wide cooling 
temperature range. Further, by alloWing the amount of 
cooling to be controlled by the thermoelectric conversion 
elements While also alloWing nearly uniform cooling of the 
?uid in the ?uid passage, there is provided high accuracy of 
temperature control. 

[0017] It is desirable that the ?uid temperature control 
device further comprise a cooling liquid passage placed in 
proximity to the thermoelectric conversion element in order 
to absorb the heat discharged from the thermoelectric con 
version element. This signi?cantly increases the cooling 
capacity. Further, it is desirable that the ?uid temperature 
control device further comprise a heater, situated in proX 
imity to the ?uid passage, for heating the ?uid. 

[0018] If the Wall of the cylindrical vessel is suf?ciently 
thick, a plurality of holes or holloWs can be placed in the 
Wall. This Will reduce the volume of the cylinder, making it 
lighter, and Will reduce the heat capacity of the cylinder, 
improving the thermal response of the device. It is desirable 
that the shape and position of the holes or holloWs be 
selected such that the areas of the cylinder Wall Without 
holes or holloWs Will eXtend continuously along a heat 
transmission path from the vessel interior side ?uid passage 
to the thermoelectric conversion elements. This Will alloW 
almost no degradation of the vessel’s heat transmission even 
When there are holes or holloWs in the vessel. 

[0019] Other objects and features of the present invention 
Will become apparent through the folloWing description of 
the embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a longitudinal sectional vieW of a ?uid 
temperature control device pertaining to a ?rst embodiment 
of the present invention; 

[0021] FIG. 2 is a cross-section arroW vieW draWing at 
line A-A shoWn in FIG. 1; 

[0022] FIG. 3 shoWs perspective vieWs of ?n shape varia 
tions; 
[0023] FIG. 4 shoWs perspective vieWs of the thermoelec 
tric conversion element; 

[0024] FIG. 5 is a transverse sectional vieW of a ?uid 
temperature control device pertaining to a second embodi 
ment of the present invention; 

[0025] FIG. 6 is a transverse sectional vieW of a ?uid 
temperature control device pertaining to a third embodiment 
of the present invention; 

[0026] FIG. 7 is a transverse sectional vieW of a ?uid 
temperature control device pertaining to a fourth embodi 
ment of the present invention; 

[0027] FIG. 8 is a transverse sectional vieW of a ?uid 
temperature control device pertaining to a ?fth embodiment 
of the present invention; 

[0028] FIG. 9 shoWs transverse sectional vieWs of several 
cooling tube variations; 

[0029] FIG. 10 is a transverse sectional vieW of a variation 
of the thermoelectric conversion element placement; 
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[0030] FIG. 11 is a perspective vieW of another variation 
of the thermoelectric conversion element placement; 

[0031] FIG. 12 is a circuit diagram of a variation of an 
arrangement for supplying cooling liquid to a ?uid tempera 
ture control unit; 

[0032] FIG. 13 is a circuit diagram of another variation of 
an arrangement for supplying cooling liquid to a ?uid 
temperature control unit; 

[0033] FIG. 14 is a partially eXploded and cutaWay per 
spective vieW of a ?uid temperature control unit pertaining 
to a ?fth embodiment of the present invention; 

[0034] FIG. 15 is a transverse sectional vieW of a mount 
ing area of a thermoelectric conversion element of a ?fth 
embodiment of the present invention; 

[0035] FIG. 16 is a transverse sectional vieW of a variation 
of a mounting structure for a thermoelectric conversion 

element; 
[0036] FIG. 17 is a partially eXploded and cutaWay per 
spective vieW a ?uid temperature control unit pertaining to 
a siXth embodiment of the present invention; 

[0037] FIG. 18 is a longitudinal sectional vieW of a 
variation of a vessel pertaining to a ?fth and siXth embodi 
ment of the present invention; and 

[0038] FIG. 19 is a longitudinal sectional vieW of a 
variation of a vessel pertaining to a second embodiment of 
the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0039] The preferred embodiments of the present inven 
tion Will noW be described With reference to the accompa 
nying draWings. 

[0040] FIG. 1 is a longitudinal sectional vieW of a ?uid 
temperature control device pertaining to an embodiment of 
the present invention; FIG. 2 is a transverse sectional vieW 
of the device seen along line A-A. 

[0041] A round cylindrical transparent cylinder 3 is 
inserted into a vessel 1 having a polygonal cylindrical shape, 
such as a hexagonal cylindrical shape, and is positioned 
concentrically to the aXis of the vessel, and a rod-shaped 
heating lamp 5 is inserted into the transparent cylinder 3 and 
positioned concentrically to the aXis of the transparent 
cylinder, as shoWn in FIGS. 1 and 2. SiX long, ?at thermo 
electric conversion elements 7, 7, . . . are joined to the siX 

?at sides that constitute the outer surface of the vessel 1. 
Further, cooling pipes 9, 9, . . . , Which are shaped as 
rectangular cylinders, are joined to the outside surfaces of 
the siX thermoelectric conversion elements 7, 7, . . . The 

shape of the vessel 1 is not limited to a hexagonal cylinder, 
but can be a square cylinder or some other polygonal 
cylinder. 

[0042] Doughnut-shaped bushings 11, 11 are ?tted about 
the eXteriors of the portions of both ends of the transparent 
cylinder 3 that protrude outWardly at both ends of the vessel 
1, and these bushings 11, 11 seal both ends of the vessel 1 
and a cooling tube 9. The joints betWeen the bushings 11, 11 
and the transparent cylinder 3 are sealed by O-rings 13, 13. 
On the outside of each bushing 11, 11 is placed a disc-shaped 
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bushing 15, 15 that has a circular hole in the center, these 
bushings being held in place by screWs. The outer bushings 
15, 15 hold the inner bushings 11, 11 and the transparent 
cylinder 3 by holding them from both ends While supporting 
both ends of the heating lamp 5. 

[0043] In the proximity of the tWo ends of the vessel 1 are 
respectively located a ?uid inlet 17 that causes the ?uid to 
?oW into the vessel 1 and a ?uid outlet 19 that causes the 
?uid to ?oW out of the vessel 1. Further, the cooling pipes 
9, 9, . . . are linked together in the proximity of both ends, 
and in the place Where both ends are linked are located a 
cooling liquid inlet 21 for causing the cooling liquid to ?oW 
into the cooling pipes 9, 9, . . . , and a cooling liquid outlet 
23 for discharging the cooling liquid from cooling pipes 9, 
9, . . . Separate cooling liquid inlets and outlets can be 
provided for each of the cooling pipes 9. The ?uid that has 
?oWed into the vessel 1 ?oWs in the passage (hereafter “?uid 
passage”) 25 betWeen the vessel 1 and the transparent 
cylinder 3 from one end of the vessel 1 to its other end. 
Further, the cooling liquid ?oWs in each cooling pipe 9 in the 
opposite direction of the ?uid. 

[0044] On the inside surface of the vessel 1 are provided 
a large number of ?ns 27 (omitted from the draWing in FIG. 
1). The ?ns 27 are distributed at nearly the same density 
throughout the entire area of ?uid passage 25. A small gap 
is left betWeen the distal ends of the ?ns 27 and the 
transparent cylinder 3, and therefore the ?ns 27 and the 
transparent cylinder 3 do not make contact. A large number 
of ?ns 29 are also provided on the interior of the Wall of each 
cooling tube 9 joined to the thermoelectric conversion 
elements 7 (omitted from the draWing in FIG. 1). The ?ns 
29 are distributed at nearly the same density throughout the 
entire area inside the cooling tube 9. A small gap is left 
betWeen the distal ends of the ?ns 29 and the Wall on the 
opposite side of the cooling tube 9, therefore, the distal ends 
of the ?ns and the tube Wall do not make contact. 

[0045] It is desirable that the vessel 1 be made from a 
material With good thermal conductivity, good corrosion 
resistance, and good moldabilty, such as aluminum, copper, 
or stainless steel. For the cooling tube 9, it is desirable that 
at least the Wall thereof Which is joined to the thermoelectric 
conversion element 7 be made from a material With thermal 
conductivity that is as good as that used for the vessel 1, but 
the other Walls can be made from a material that does not 
have high thermal conductivity but that does have good 
corrosion resistance and good moldability, such as plastic, 
vinyl chloride, or ceramics. It is desirable that the transpar 
ent cylinder 3 be made from a heat resistant material With 
very high light transmission, such as quartZ glass. It is 
desirable that the heating lamp 5 be a type that emits much 
infrared light, such as a halogen lamp for heating applica 
tions. It is desirable that the bushings 11, 15 be made from 
a material With suitable elasticity and suf?cient heat resis 
tance, such as hard rubber, plastic, or metal. For the joined 
surfaces of the vessel 1 and each thermoelectric conversion 
element 7, and the joined surfaces of each thermoelectric 
conversion element 7 and each cooling pipe 9, it is desirable 
that a tight contact be achieved by tightening With screWs 
after applying a packing having high heat conductivity, such 
as silicon grease, to obtain complete adhesion betWeen both 
surfaces to minimiZe the contact heat resistance. 

[0046] The ?ns 27, 29 are made from a material With high 
heat conductivity, good corrosion resistance, and good 
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moldability, such as aluminum, copper, or stainless steel. 
Further, it is desirable that this material also have good 
infrared light absorptivity. A variety of shapes can be used 
for the ?ns 27, 29, such as those shoWn in FIGS. 3A 
through 3H. FIG. 3A shoWs a thin sheet bent in a cross 
sectional square Wave form, FIG. 3B shoWs a thin sheet bent 
in a cross-sectional triangular Wave form, FIG. 3C shoWs a 
thin sheet bent in a cross-sectional Wave shape that has also 
been formed into a Wave pattern along the ridges, and FIG. 
3D shoWs a plurality of belt-shaped thin sheets that have 
been bent into a Wave form and that have been placed With 
the Wave positions being mutually offset. FIG. 3E shoWs a 
Wave-shaped thin sheet With the surface covered With many 
indentations or protrusions, and FIG. 3F shoWs a Wave 
shaped thin sheet With the surface covered With many 
louver-like slits. Further, FIG. 3G shoWs pin-like ?ns, and 
FIG. 3H shoWs simple plate-shaped ?ns. 

[0047] The arroWs in FIG. 3 indicate the direction of ?oW 
(nearly parallel to the center axis on the interior of the vessel 
1) of the ?uid or cooling liquid in relation to the ?ns When 
the ?uid or cooling liquid pressure loss due to the ?ns is 
minimiZed. It is desirable that the ?ns be inclined at an angle 
that is more suitable for the arroW ?oW direction than the ?n 
attitude shoWn in the draWing in order to assure good 
exchange of heat betWeen the ?ns and the cooling liquid or 
?uid. 

[0048] Further, in particular for the ?ns 27 in the vessel 1, 
it is desirable that the ?ns 27 be oriented as folloWs: When 
using a substance With a high light absorptivity, such as 
Water or ethylene glycol, as the ?uid, it is desirable that the 
?ns 27 are stood parallel to the direction of infrared light 
radiation, or, in other Words, that they are stood radially in 
the vessel 1, so that the infrared light from the heating lamp 
5 crosses the entire area of the ?uid passage 25 and is evenly 
absorbed throughout the entire area of the ?uid. HoWever, 
When a substance With a loW light absorptivity, such as 
GALDEN (registered trademark) or FLUORINERT (regis 
tered trademark), is used for the ?uid, it is desirable that the 
?ns 27 be stood so as to intersect the direction of infrared 
light radiation at an appropriate angle so that the infrared 
light is uniformly absorbed by all parts of the ?ns 27. 

[0049] FIG. 4 shoWs the construction of the thermoelec 
tric conversion element 7. 

[0050] The thermoelectric conversion element 7 has 
numerous small p-type semiconductor pieces 32 and n-type 
semiconductor pieces 34 arranged alternately in a tWo 
dimensional plane, While at the same time numerous ?at 
sheet electrodes 35 provided on top of and beloW the p-type 
semiconductor pieces 32 and n-type semiconductor pieces 
34 are used to create a serial electrical connection With the 
p-type semiconductor pieces 32 and n-type semiconductor 
pieces 34 arranged in alternating order. When direct current 
electricity is supplied to the thermoelectric conversion ele 
ment 7, a Peltier effect is created, causing the thermoelectric 
conversion element 7 to absorb heat on one side thereof and 
to discharge heat at the other side, as shoWn in FIG. 4A. This 
operation mode is hereafter called the “Peltier mode.” Fur 
ther, the faces of the thermoelectric conversion element 7 
that absorb and discharge heat are hereinafter called the 
“heat exchange faces.” When one of the heat exchange faces 
of the thermoelectric conversion element 7 is heated and the 
other heat exchange face is cooled, a Seebeck effect is 
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created, and this causes the thermoelectric conversion ele 
ment 7 to generate electricity, as shoWn in FIG. 4B. This 
operation mode is hereinafter called the “Seebeck mode.” 
Each of the heat exchange face of the thermoelectric con 
version element 7 is generally covered With an insulating 
plate (omitted from the draWing), such as a ceramic plate. As 
Was previously explained, one heat exchange face of each 
thermoelectric conversion element 7 is joined to the vessel 
1 and the other heat exchange face is joined to a cooling pipe 
9. Each thermoelectric conversion element 7 is connected to 
a poWer supply circuit (cooling controller) that is not shoWn 
in the draWing. 

[0051] The above arrangement causes the ?uid to be 
temperature controlled to ?oW into the vessel 1 via the inlet 
17, through ?uid passage 25, and out of outlet 19. Further, 
the cooling liquid is made to ?oW into each cooling tube 9 
from the inlet 21, through cooling tubes 9, and out of the 
outlet 23. 

[0052] If the target temperature (100° C. for example) is 
higher than the ?uid temperature (25° C. for example) at the 
inlet 17, then the lamp 5 turns on. In this case, as a rule, the 
cooling liquid ?oW Will be stopped and the thermoelectric 
conversion element 7 Will also stop operating. The ?uid Will 
be heated by the lamp 5 exclusively. The infrared light 
emitted by the lamp 5 passes through the transparent cylin 
der 3 and enters the ?uid passage 25. If a substance With a 
very loW light absorptivity (FLUORINERT for example) is 
used as the ?uid, most of the infrared light Will be absorbed 
by the ?ns 27, With the heat then being transmitted from the 
?ns 27 to the ?uid. If a substance With a high degree of light 
absorptivity (Water or ethylene glycol, for example) is used 
as the ?uid, the infrared light Will be absorbed not only by 
the ?ns 27 but also directly by the ?uid, thus heating the 
?uid. 

[0053] The amount of heating is controlled using a tem 
perature sensor (not shoWn in the draWing) placed at the 
outlet 19 and a heating controller (not shoWn in the draWing) 
that is connected to the temperature sensor and to the lamp 
5 for adjusting the duty ratio during the time that the lamp 
5 is on and the amount of light emitted. For example, the 
heating controller controls the supply of electricity to the 
lamp 5 based on the deviation betWeen ?uid outlet tempera 
ture feedback from the temperature sensor and the target 
temperature. If the outlet temperature of the ?uid exceeds 
the target temperature due to overheating or an external 
factor, the lamp 5 Will be turned off. Further, if just turning 
off the lamp is insuf?cient, the cooling liquid Will be made 
to ?oW and, if necessary, the thermoelectric conversion 
elements 7 Will be operated. 

[0054] Further, if the target temperature (30° C. for 
example) is beloW the inlet temperature of the ?uid (80° C. 
for example), the cooling liquid Will be made to ?oW and the 
lamp 5 Will normally be turned off. The heat from the ?uid 
Will be transmitted to the cooling liquid via the ?ns 27, 
vessel 1, thermoelectric conversion elements 7, cooling 
tubes 9, and ?ns 29 to cool the ?uid. To rapidly cool the ?uid 
(When the inlet temperature of the ?uid has risen rapidly, for 
example) or to cool it beloW the temperature of the cooling 
liquid (When the target temperature is 0° C. for example), the 
thermoelectric conversion elements 7 are operated in the 
Peltier mode to forcedly remove heat from the ?uid and 
discharge it to the cooling liquid. Further, to suppress 
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cooling by the cooling liquid (When cooling by the cooling 
liquid has cooled the ?uid to beloW the target temperature, 
for example), the thermoelectric conversion elements 7 are 
operated in the Seebeck mode to convert to electricity a 
portion of the heat transferred from the ?uid to the cooling 
liquid. Using the poWer supply circuit to adjust the current 
?oWing in the thermoelectric conversion elements 7 in both 
Peltier mode and Seebeck mode alloWs the amount of 
cooling to be ?nely controlled With good responsiveness. 

[0055] As Will be apparent from the foregoing description 
of operation, heating is effected solely by the heat emitted 
from the lamp 5. The discharged heat reaches uniformly to 
all areas of the ?uid passage 25 that can be reached by light. 
This results, When the ?uid is a substance that absorbs light, 
in the ?uid evenly receiving the discharged heat in all areas 
of the ?uid passage 25, raising the temperature of the ?uid 
in a substantially uniform manner. Further, When the ?uid is 
a substance that absorbs nearly no light, the large number of 
?ns 27 that exist at a nearly uniform density throughout the 
entire area of the ?uid passage 25 evenly absorb the dis 
charged heat and transmit it to the ?uid to nearly uniformly 
raise the temperature of the ?uid. 

[0056] Most of the output from the lamp 5 is radiated as 
infrared light nearly uniformly throughout the entire area of 
the ?uid passage 25. Further, there is empty space betWeen 
the lamp 5 and the transparent cylinder 3. For this reason, 
there is no danger that heat transmitted from the lamp 5 Will 
heat the transparent cylinder 3 to an especially high tem 
perature, causing it to melt, or the ?uid passing in proximity 
thereto to boil. This alloWs a lamp 5 With a high output to be 
used, Which in turn alloWs a high heating performance to be 
obtained With a relatively small device. 

[0057] Cooling is conducted utiliZing heat conduction and 
convective heat transfer from the ?uid in the vessel 1 to the 
cooling liquid in the cooling pipes 9 via the ?ns 27, the 
thermoelectric conversion elements 7, and the ?ns 29. 
Because the ?ns 27, 29 are positioned With nearly uniform 
density throughout the entire area of the ?uid passage 25 and 
cooling pipes 9, good cooling ef?ciency and little cooling 
temperature non-uniformity are achieved. Further, the ther 
moelectric conversion elements 7 increase the amount of 
cooling, expand the cooling temperature range, and make 
easy control of the amount of cooling With high accuracy 
and good responsiveness, Which is difficult to do With 
cooling liquid. Further, energy can be conserved because 
When in the Seebeck mode the thermoelectric conversion 
elements 7 convert heat from the ?uid into electricity and 
return it to the poWer supply circuit. Using the thermoelec 
tric conversion elements 7 to control the amount of cooling 
eliminates the need to use an expensive proportional valve 
in order to adjust the ?oW rate of the cooling Water, so only 
an inexpensive gate valve to start and stop the cooling Water 
?oW is required. For the same reason, there is no need to turn 
on the lamp during cooling in order to prevent overcooling. 
Further, because the thermoelectric conversion elements 7 
are used exclusively for cooling the ?uid and not for heating 
it, the life of the thermoelectric conversion elements 7 Will 
be longer than they Would if they Were used for both cooling 
and heating. 

[0058] The provision of a gap betWeen the ?ns 29 inside 
the cooling pipes 9 and the exterior Wall of cooling pipes 9 
has an advantage in that it makes the arrangement resistant 










