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(54) MICROCHANNEL-�TYPE EVAPORATOR AND SYSTEM USING THE SAME

(57) In an evaporator 1, space between two heat
transfer plates 2 opposite to each other serves as a liquid
path 3, and the outsides of the heat transfer plates 2
serve as a gas path 4. At the lower end of the liquid path
3, a liquid inlet, through which liquid to be evaporated is
supplied to the evaporator 1, is provided, and at the upper
end of the liquid path 3, a vapor outlet is provided. The

liquid to be evaporated vaporizes while flowing from bot-
tom to top. The heating gas is supplied form a gas inlet
7, which is provided at the upper end of the evaporator,
and discharged from a gas outlet 8, which is provided at
the lower end of the evaporator. Size of space S of the
liquid path 3 gradually increases from bottom to top in a
gas- �liquid two phase region 11.
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Description

TECHNICAL FIELD

�[0001] The present invention relates to a microchan-
nel- �type evaporator in which a path for a liquid to be evap-
orated is narrower than diameter of departing bubbles
and to a system using the same.

BACKGROUND ART

�[0002] In a fuel cell, fuel gas such as hydrogen and
oxidant gas containing oxygen are electrochemically re-
acted through electrolyte, and electric energy is directly
extracted from electrodes provided on both sides of the
electrolyte. A polymer electrolyte fuel cell using a solid
polymer electrolyte operates at low temperature and is
easy to use. Accordingly, the polymer electrolyte fuel cell
has attracted attention as a power supply for vehicles.
�[0003] As a method of supplying hydrogen to the fuel
cell, there are a method of directly supplying hydrogen
from a hydrogen storage unit such as high- �pressure hy-
drogen tank or a hydrogen storage alloy tank and a fuel
reforming method of extracting hydrogen from fuel such
as methanol or hydrocarbon and supplying the same. In
the fuel reforming method, when the fuel is liquid, fuel or
water is evaporated by an evaporator and then intro-
duced to a fuel reformer, in which hydrogen is generated
by a fuel reforming reaction.
�[0004] As a small evaporator with high efficiency which
is suitable for vehicles, an evaporator for air conditioning
which evaporates refrigerant has been known (see Jap-
anese Patent No. 2786728).

DISCLOSURE OF INVENTION

�[0005] However, the conventional evaporator has a
problem of reduction of heat exchange capability in a
region of high heat flux. Hereinafter, such a problem is
described.

(Definition of Microchannel)

�[0006] In the present invention, the microchannel is
defined as follows. A channel whose space is smaller
than diameter of bubbles departing from heat transfer
surface is defined as a microchannel. In other words,
when bubbles which are yet smaller than departure di-
ameter are crushed by walls of a channel to form micro-
layers between the bubbles and heating surfaces, such
a channel is defined as a microchannel.
�[0007] The diameter of bubbles having departed de-
pends on a type of liquid to be evaporated, surface prop-
erties of heat transfer plates, and degree of superheat.
Specifically, as shown in FIG. 19, when the liquid to be
evaporated is water, the diameter is about 0.8 mm in the
case of hydrophilic titanium oxide coating, and the diam-
eter is about 2.5 mm in the case of hydrophobic silicone

coating. Accordingly, in the case of titanium oxide coat-
ing, the space size of the microchannel in the heating
surfaces is set to not more than 0.8 mm. Note that the
relation between degree of surface superheat and bubble
diameter shown in FIG. 19 is for the case where the heat
transfer surfaces are planar. Moreover, in polishing in
the drawing, green carborundum of #2000 is used.

(Need for Formation of Thin Liquid Film on Heat Transfer 
Surface)

�[0008] As for a parallel plate- �type evaporator, FIG. 20A
shows a relation between degree of superheat in the heat
transfer surfaces and heat flux in cases where the space
between the heat transfer surfaces is small and large.
The case of small space between the heat transfer sur-
faces is indicated by a solid line, and the case of large
space is indicated by a dashed line.
�[0009] As shown in FIG. 20A, the two lines intersect
with each other at a degree of superheat and a heat flux.
When the space between the heat transfer surfaces is
small, the evaporator exhibits good heat transfer char-
acteristics in a region of low heat flux. However, the heat
transfer characteristics are degraded in a region of high
heat flux, and accordingly the critical heat flux (CHF) is
reduced. On the contrary, when the space between the
heat transfer surfaces is large, the heat transfer charac-
teristics are good in the region of high heat flux but are
degraded in the region of low heat flux.
�[0010] The mechanism of such characteristics is con-
ceived to be reduction of the heat transfer coefficient due
to dryout of the heat transfer surfaces. FIG. 20B shows
variations in flow and ways of heat transfer in an evapo-
ration tube. Upper part in the drawing shows downstream
of the evaporation tube, and lower part in the drawing
shows upstream of the same. Liquid in the evaporation
tube is substantially 100% in a liquid phase in the up-
stream but is in a two- �phase state in the downstream in
which the content of bubbles gradually increases in the
liquid phase toward the downstream. In the downstream
of the dryout position (post-�dryout), the liquid to be evap-
orated does not exist on the heat transfer surfaces, and
the heat transfer surfaces are completely dry. In a post-
dryout dispersed flow region, since there is no liquid al-
ways in contact with the heat transfer surfaces, significant
degradation of the heat transfer characteristics is shown.
�[0011] FIG. 20C shows a relation between the heating
heat flux and the heat transfer coefficient in the evapo-
ration tube. In the drawing, the heat flux is higher in the
order of A, B, C, and D. The drawing shows that as the
heat flux increases, the region of the heat transfer coef-
ficient reduced, or the dispersed flow region, moves to
the upstream. In order to improve the reduction of the
heat transfer coefficient, it is necessary to supply the liq-
uid to be evaporated to the dispersed flow region and
maintain the transfer heat surfaces to be wet.
�[0012] FIG. 21 shows a boiling state of a microchannel
in the high heat flux region. Lower part in the drawing
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shows the upstream, and upper part shows the down-
stream. Liquid 106 to be evaporated is supplied from the
upstream of a heat transfer surface 101, and vapor 107
is discharged to the downstream. The liquid 106 to be
evaporated is heated by the heat transfer surface 101
into dispersed flow 105 in the downstream of a gas-�liquid
interface 104.
�[0013] In the heat transfer surface 101, the gas- �liquid
interface 104 as an interface between a wet region in the
upstream of the dryout position and a dispersed flow re-
gion 103 moves toward the upstream as the heat flux
increases. Accordingly, when the heat flux is increased,
the wet region 102, where heat transfer is effectively per-
formed, is reduced, so that the heat exchange efficiency
of the entire heat transfer surfaces is reduced. In order
to increase the heat exchange efficiency, it is necessary
to increase the proportion of the wet region 102 having
high heat transfer efficiency in the heat transfer surface.
�[0014] FIG. 22 shows states of boiling at heat fluxes
of 9, 14, and 19 kW/m2. As shown in FIG 22, along with
an increase in heat flux, the wet area in the heat transfer
surfaces decreases. Arrows in the drawing indicate the
downstream direction.
�[0015] FIG. 23A shows the heat transfer coefficient to
a quality of the liquid to be evaporated, and FIG. 23B
shows the critical heat flux to the quality of the liquid to
be evaporated. As shown in FIG. 23A, in order to increase
the heat transfer coefficient of the evaporator, the heat
transfer surfaces need to maintain a wet region with a
quality smaller than that at a dryout point A (quality Xa).
As shown in FIG. 23B, the heat flux at the boundary be-
tween the pre-�dryout region and the post- �dryout region
slopes down from left to right with respect to an increase
in a quality. A heat flux corresponding to the quality Xa
is qca, and the heat flux needs to be controlled so as to
be smaller than this value.
�[0016] The present invention was made in the light of
the aforementioned problem, and an object of the inven-
tion is to increase the heat exchange efficiency of a mi-
crochannel-�type evaporator and reduce the size thereof.
�[0017] To achieve aforementioned object, a micro-
channel-�type evaporator according to an aspect of the
present invention includes a path provided substantially
vertically, through which a liquid to be evaporated pass-
es, and is characterized in that a space size of the path
is smaller than diameters of bubbles departing from a
heat transfer surface of the path, and the space size of
the path in a gas-�liquid two phase region is a minimum
size satisfying that a heat flux is not more than a critical
heat flux with respect to a quality.

BRIEF DESCRIPTION OF DRAWINGS

�[0018]

FIG. 1 �(a) is a cross- �sectional view showing a con-
figuration of Embodiment 1 of a microchannel-�type
evaporator according to the present invention. FIG.

1 (b) is a conceptual view showing a liquid path of
the microchannel-�type evaporator of Embodiment 1.
FIG. 1�(c) is a conceptual view showing a heating gas
path of the microchannel-�type evaporator of Embod-
iment 1.
FIG. 2 is a graph for explaining a critical heat flux
and a heat flux with respect to a quality in Embodi-
ment 1.
FIG. 3 �(a) is a cross- �sectional view showing a con-
figuration of Embodiment 2 of the microchannel-�type
evaporator according to the present invention. FIG.
3 �(b) is a conceptual view showing a liquid path of
the microchannel-�type evaporator of Embodiment 2.
FIG. 3�(c) is a conceptual view showing a heating gas
path of the microchannel-�type evaporator of Embod-
iment 2.
FIG. 4 is a graph for explaining a critical heat flux
and a heat flux with respect to a quality in Embodi-
ment 2.
FIG. 5 �(a) is a cross- �sectional view showing a con-
figuration of Embodiment 3 of the microchannel-�type
evaporator according to the present invention. FIG.
5 �(b) is a conceptual view showing a liquid path of
the microchannel-�type evaporator of Embodiment 3.
FIG. 5�(c) is a conceptual view showing a heating gas
path of the microchannel-�type evaporator of Embod-
iment 3.
FIG. 6 is a graph for explaining a critical heat flux
and a heat flux with respect to a quality in Embodi-
ment 3.
FIG. 7 �(a) is a cross- �sectional view showing a con-
figuration of Embodiment 4 of the microchannel-�type
evaporator according to the present invention. FIG.
7 �(b) is a conceptual view showing a liquid path of
the microchannel-�type evaporator of Embodiment 4.
FIG. 7�(c) is a conceptual view showing a heating gas
path of the microchannel-�type evaporator of Embod-
iment 4. FIG. 7�(d) is a cross-�sectional view taken
along a line VIId-�VIId in FIG. 7�(b).
FIG. 8 is a graph for explaining a critical heat flux
and a heat flux with respect to a quality in Embodi-
ment 4.
FIG. 9 �(a) is a cross- �sectional view showing a con-
figuration of Embodiment 5 of the microchannel-�type
evaporator according to the present invention. FIG.
9 �(b) is a conceptual view showing a liquid path of
the microchannel-�type evaporator of Embodiment 5.
FIG. 9�(c) is a conceptual view showing a heating gas
path of the microchannel-�type evaporator of Embod-
iment 5.
FIG. 10�(a) is a cross-�sectional view showing a con-
figuration of Embodiment 6 of the microchannel-�type
evaporator according to the present invention. FIG.
10�(b) is a conceptual view showing a liquid path of
the microchannel-�type evaporator of Embodiment 6.
FIG 10�(c) is a conceptual view showing a heating
gas path of the microchannel- �type evaporator of Em-
bodiment 6.
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FIG. 11 (a) is a cross- �sectional view showing a con-
figuration of Embodiment 7 of the microchannel-�type
evaporator according to the present invention. FIG.
11�(b) is a conceptual view showing a liquid path of
the microchannel-�type evaporator of Embodiment 7.
FIG. 11�(c) is a conceptual view showing a heating
gas path of the microchannel-�type evaporator of Em-
bodiment 7.
FIG. 12�(a) is a cross-�sectional view showing a con-
figuration of Embodiment 8 of the microchannel-�type
evaporator according to the present invention. FIG.
12�(b) is a conceptual view showing a liquid path of
the microchannel-�type evaporator of Embodiment 8.
FIG. 12�(c) is a conceptual view showing a heating
gas path of the microchannel-�type evaporator of Em-
bodiment 8.
FIG. 13 is a graph for explaining a critical heat flux
and a heat flux with respect to quality in Embodiment
8.
FIG. 14 is a graph showing a relation between an
inlet condition of pure water and a boiling region
based on the characteristics of FIG. 13.
FIG. 15 is a schematic view showing a heating gas
flow pattern of Case A in a system of Embodiment 8.
FIG. 16 is a schematic view showing a heating gas
flow pattern of Case B in the system of Embodiment
8.
FIG. 17 is a schematic view showing a heating gas
flow pattern of Case C in the system of Embodiment
8.
FIG. 18�(a) is a schematic view showing the heating
gas flow pattern of Case A. FIG. 18�(b) is a schematic
view showing the heating gas flow pattern of Case
B. FIG. 18 �(c) is a schematic view showing a heating
gas flow pattern of Case C.
FIG. 19 is a graph showing diameter of departing
bubbles depending on surface properties of a heat
transfer surface and degree of surface superheat.
FIG. 20A is a graph for explaining a relation between
degree of superheat and heat flux in the microchan-
nel-�type evaporator.
FIG. 20B is a view for explaining variations in flow
and heat transfer ways in an evaporation tube.
FIG. 20C is a graph for explaining a relation between
a heating heat flux and a heat transfer coefficient.
FIG. 21 is a view showing a boiling state of the mi-
crochannel in a high heat flux region.
FIG. 22 graphically shows photographs of boiling
states at heat fluxes of 9, 14, and 19 kW/m2.
FIG. 23A is a graph showing the heat transfer coef-
ficient with respect to a quality.
FIG. 23B is a graph showing a critical heat flux with
respect to a quality.

BEST MODE FOR CARRYING OUT THE INVENTION

�[0019] With reference to the drawings, a description is
given of embodiments of a microchannel-�type evaporator

according to the present invention in detail. The evapo-
rator according to the present invention, which is not par-
ticularly limited, is suitable for an evaporator which evap-
orates water or hydrocarbon type fuel and supplies the
same to a fuel reformer for a fuel cell.

(Embodiment 1)

�[0020] FIGS. 1�(a), 1 �(b), and 1 �(c) show a basic constit-
uent unit of Embodiment 1 of the evaporator according
to the present invention.
�[0021] An evaporator 1 in this embodiment includes
two heat transfer plates 2 opposite to each other. Be-
tween the heat transfer plates 2, a path 3 through which
liquid to be evaporated passes is provided. The path 3
through which liquid to be evaporated passes is placed
vertically, that is, along the direction G of gravity force.
In the present invention, vertically setting the liquid path
means setting the liquid path at such an angle that heat
transfer properties in the right and left heat transfer sur-
faces which form a microchannel do not significantly lose
symmetry because of the inclination thereof and, for ex-
ample, includes setting the same at an angle of � about
20 degrees from the vertical.
�[0022] Furthermore, in the outside of the heat transfer
plates 2, paths 4 through which heating gas passes, is
provided. To form a real evaporator, it is preferable that
the evaporator has a structure in which a plurality of the
basic constituent units shown in the drawing are arranged
in parallel. In this description, the path 3 through which
the liquid to be evaporated passes is abbreviated as the
liquid path 3, and the path 4 through which the heating
gas passes is abbreviated as the gas path 4.
�[0023] At the lower end of the liquid path 3, a liquid
inlet 5, through which the liquid to be evaporated is sup-
plied to the evaporator 1, is provided. At the upper end
of the liquid path 3, a vapor outlet 6 is provided. The liquid
to be evaporated evaporates as flowing from the bottom
to the top of the evaporator 1. On the other hand, the
heating gas is supplied from gas inlets 7, which are pro-
vided at the upper end of the evaporator, and discharged
from gas outlets 8, which are provided at the lower end
of evaporator. The evaporator of Embodiment 1 is there-
fore a countercurrent flow type evaporator in which the
flow directions of the liquid to be evaporated and the heat-
ing gas are opposite to each other. During operation of
the evaporator 1, the inside of the liquid path 3 is com-
posed of a liquid phase region 10, a gas-�liquid two phase
region 11, and a gas phase region 12 sequentially from
the bottom.
�[0024] Size of space S of the liquid path 3 gradually
increases from the bottom to the top in the gas- �liquid two
phase region 11.
�[0025] Material of the heat transfer plates 2 can be a
corrosion-�resistant metal, for example, stainless steel,
titanium, and titanium alloy.
�[0026] Furthermore, the surface of each heat transfer
plate 2 is coated with titanium oxide or the like for hy-
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drophilic treatment. This can provide higher capillary
pressure and more penetration into the heating surfaces,
thus further increasing the critical heat flux.
�[0027] In this embodiment, the mass flow rate of the
heating gas is sufficiently higher than that of the liquid to
be evaporated, and there is almost no change in temper-
ature of the heating gas between the gas inlets 7 and the
gas outlets 8.
�[0028] FIG. 2 shows relations between the quality and
the critical heat flux or heat flux according to variations
in the space S of the liquid path 3 in the gas- �liquid two
phase region 11. The horizontal axis of FIG. 2 represents
the quality as a mass ratio of vapor and a mixture of gas
and liquid which exist in the evaporation tube. The vertical
axis of FIG. 2 represents heat flux q and critical heat flux
qc (kW/m2). A quality of 0 indicates that all the liquid to
be evaporated is in a liquid state, and a quality of 1 indi-
cates that all the liquid to be evaporated is in a gas state.
�[0029] The gas-�liquid two phase region 11 of FIGS. 1
(a) and 1�(b) can be considered to be a region in which
the quality is 0 and 1 at the lower and upper ends, re-
spectively, and gradually increases therebetween.
�[0030] When such quality and critical heat flux are rep-
resented by the horizontal and vertical axes, respectively,
the correlation between the quality X and the critical heat
flux qc in cases of spaces SA, SB, and SC (SA>SS>SC)
of the path of the liquid to be evaporated in the parallel
plate microchannel- �type evaporator is shown as FIG. 2.
�[0031] When the entire evaporation tube has a same
space, in part of smaller quality, the ratio of liquid is high,
and a larger amount of heat is transferred from the heat
transfer plates. Accordingly, the critical heat flux tends
to be higher. When the space size of the evaporation
tube is increased, a larger amount of the liquid to be evap-
orated is held in the space, and the critical heat flux tends
to increase.
�[0032] Herein, when the path space is increased with
respect to the path space SB as a criterion, the critical
heat flux increases, and the rate of the increase is higher
when the quality is smaller. On the contrary, when the
path space is reduced, the critical heat flux is reduced,
and the rate of the reduction is higher when the quality
is smaller.
�[0033] In this embodiment, it is assumed that the mass
flow rate of the heating gas is sufficiently higher than that
of the liquid to be evaporated and there is almost no
change in temperature of the heating gas between the
gas inlets 7 and the gas outlets 8. The heat flux given
from the heating gas through the heat transfer plates to
the liquid to be evaporated is therefore constant regard-
less of the quality and is indicated by a dashed line of
FIG. 2. The dashed line indicating the heat flux and a line
indicating the critical heat flux of the path space SB in-
tersect with each other at a quality XB. In other words,
the graph shows that the critical heat flux is supplied at
the position of the quality XB of the evaporator with the
path space SB. In a region with a quality of not less than
the quality XB, supplied heat flux exceeds the critical heat

flux, so that the heat transfer surfaces change from the
wet state to the dry state. When the heat transfer surfaces
change to the dry state, the heat transfer coefficient is
reduced. Accordingly, the heat flux is drastically reduced
as indicated by a chain line of FIG. 2.
�[0034] In this embodiment, to avoid such reduction of
heat flux, in the region with a quality X of not less than
XB, the path space is increased to SB+1_case 1,
SB+2_case 1, and SB+3_case 1 as the quality increases to
XB+1, XB+2, and XB+3. This can prevent the heat flux from
exceeding the critical heat flux even if the quality be-
comes larger than XB, thus providing a maximum heat
transfer coefficient.
�[0035] In a similar way, in a region with a quality X of
not more than XB, even if the path space is reduced to
SB-1_case 1 and SB-2_case 1 as the quality decreases to
XB-1 and XB-2, the heat transfer surfaces can be main-
tained to be wet. The heat flux can be therefore within
the critical heat flux even if the quality becomes smaller
than XB, thus providing a maximum heat transfer coeffi-
cient.
�[0036] As described above, in the microchannel-�type
evaporator of countercurrent flow type of the present in-
vention, the space S of the liquid path is set to a minimum
space size satisfying that heat flux is not more than the
critical heat flux according to the quality X, so that thin
liquid films of the liquid to be evaporated is formed on
part of the heat transfer surfaces which comes into con-
tact with the gas-�liquid two phase region of the liquid path.
The part of the heat transfer surfaces which comes into
contact with the gas-�liquid two phase region can be there-
fore always maintained to have a high transfer coefficient.
Accordingly, the heat exchange efficiency of the micro-
channel-�type evaporator can be increased, and moreo-
ver the microchannel-�type evaporator can be reduced in
size.

(Embodiment 2)

�[0037] FIGS. 3�(a), 3 �(b), and 3 �(c) show a basic constit-
uent unit of Embodiment 2 of the evaporator according
to the present invention.
�[0038] The configuration of the evaporator 1 itself of
Embodiment 2 is, similar to the configuration of the evap-
orator of Embodiment1, of the countercurrent flow type
in which the flow directions of the liquid to be evaporated
and the heating gas are opposite to each other. This em-
bodiment is an embodiment in the case where the mass
flow rate of the heating gas is not negligible compared
to that of the liquid to be evaporated and the temperature
of the heating gas decreases from the gas inlets 7 to the
gas outlets 8.
�[0039] FIG. 4 shows a change (a dashed line) in heat
flux from the heating gas to the liquid to be evaporated
and critical heat flux of each path space in this embodi-
ment. As indicated by the dashed line of FIG. 4, the heat
flux is low where the quality is small, and the heat flux is
high where the quality is large. This is because the fol-
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lowing reason: where the quality is large, the temperature
of the heating gas is high and the difference in temper-
ature between the heating gas and the liquid to be evap-
orated is large, so that the heat flux is high; and where
the quality is small, the temperature of the heating gas
decreases and the difference in temperature between
the heating gas and the liquid to be evaporated is small,
so that the heat flux is low.
�[0040] In FIG. 4, the dashed line indicating the heat
flux q given from the heating gas to the liquid to be evap-
orated and a line indicating the critical heat flux qc of the
path space SB intersect with each other at a quality XB.
The graph shows that the critical heat flux is supplied at
the position of the quality XB of the evaporator with the
path space SB. In the region with a quality of not less
than the quality XB, supplied heat flux exceeds the critical
heat flux, so that the heat transfer surfaces change from
the wet state to the dry state. When the heat transfer
surfaces change to the dry state, the heat transfer coef-
ficient is reduced. Accordingly, the heat flux is drastically
reduced as indicated by a chain line of FIG. 4.
�[0041] In this embodiment, to avoid such reduction of
heat flux, in the region with a quality X of not less than
XB, the path space is increased to SB+1_case 2,
SB+2_case 2, and SB+3_case 2 as the quality increases to
XB+1, XB+2, and XB+3. This can prevent the heat flux from
exceeding the critical heat flux even if the quality be-
comes more than XB, thus providing a maximum heat
transfer coefficient.
�[0042] In a similar manner, in a region with a quality X
of not more than XB, even if the path space is reduced
to SB-1_case 2 and SB-2_case 2 as the quality decreases to
XB-1 and XB-2, the heat transfer surfaces can be main-
tained to be wet. The heat flux can be therefore at the
critical heat flux even if the quality becomes less than XB,
thus providing a maximum heat transfer coefficient.
�[0043] As described above, in the microchannel-�type
evaporator of countercurrent flow-�type of the present in-
vention, the space S of the liquid path is set to a minimum
space size satisfying that heat flux is not more than the
critical heat flux according to the quality X, so that thin
liquid films of the liquid to be evaporated are formed on
part of the heat transfer surfaces which comes into con-
tact with the gas-�liquid two phase region of the liquid path.
The part of the heat transfer surfaces which comes into
contact with the gas-�liquid two phase region can be there-
fore always maintained to have a high transfer coefficient.
Accordingly, the heat exchange efficiency of the micro-
channel-�type evaporator can be increased, and moreo-
ver the microchannel-�type evaporator can be reduced in
size.

(Embodiment 3)

�[0044] FIGS. 5�(a), 5�(b), and 5 �(c) show a basic constit-
uent unit of Embodiment 3 of the evaporator according
to the present invention.
�[0045] As shown in FIG. 5�(a), an evaporator 1 in this

embodiment is an embodiment in which space between
two opposite heat transfer plates 2 serves as a liquid path
3. Sections outside of the heat transfer plates 2 serve as
gas paths 4. To form a real evaporator, it is preferable
that the evaporator has a structure in which a plurality of
the basic constituent units shown in the drawing are ar-
ranged in parallel.
�[0046] At the lower end of the liquid path 3, a liquid
inlet 5, through which the liquid to be evaporated is sup-
plied to the evaporator 1, is provided. At the upper end
of the liquid path, a vapor outlet 6 is provided. The liquid
to be evaporated evaporates as flowing from the bottom
to the top of the evaporator 1. On the other hand, the
heating gas is supplied from gas inlets 7, which are pro-
vided at the lower end of the evaporator, and discharged
from gas outlets 8, which are provided at the upper end
of evaporator. Accordingly, the evaporator of this embod-
iment is a same flow direction type evaporator in which
the flow directions of the liquid to be evaporated and the
heating gas are substantially in a same direction. During
operation of the evaporator 1, the inside of the liquid path
3 is composed of a liquid phase region 10, a gas-�liquid
two phase region 11, and a gas phase region 12 sequen-
tially from the bottom.
�[0047] Size of space S of the liquid path 3 gradually
decreases from the bottom to the top in the gas- �liquid
two phase region 11.
�[0048] Material of the heat transfer plates 2 can be a
corrosion-�resistant metal, for example, stainless steel,
titanium, and titanium alloy.
�[0049] Furthermore, the surface of each heat transfer
plate 2 which comes into contact with the liquid to be
evaporated is coated with titanium oxide or the like for
hydrophilic treatment. This can provide higher capillary
pressure and more penetration into the heating surfaces,
thus further increasing the critical heat flux.
�[0050] This embodiment is an embodiment in the case
where the mass flow rate m (g/s) of the heating gas is
not negligible compared to that of the liquid to be evap-
orated and the temperature of the heating gas decreases
from the gas inlets 7 toward the gas outlets 8.
�[0051] FIG. 6 shows a change (a dashed line) in heat
flux q from the heating gas to the liquid to be evaporated
and critical heat flux qc of each path space in this em-
bodiment. As indicated by the dashed line of FIG. 6, the
heat flux is high where the quality is small, and the heat
flux is low where the quality is large. This is because the
following reason: where the quality is small, the temper-
ature of the heating gas is high and the difference in tem-
perature between the heating gas and the liquid to be
evaporated is large, so that the heat flux is high; and
where the quality is small, the temperature of the heating
gas is reduced and the difference in temperature be-
tween the heating gas and the liquid to be evaporated is
small, so that the heat flux is small.
�[0052] In FIG. 6, the dashed line indicating the heat
flux q given from the heating gas to the liquid to be evap-
orated and a line indicating the critical heat flux qc of the
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path space SB intersect with each other at a quality XB.
The graph shows that the critical heat flux is supplied at
the position of the quality XB of the evaporator with the
path space SB. In the region with a quality of not less
than the quality XB, heat flux supplied exceeds the critical
heat flux, so that the heat transfer surfaces change from
the wet state to the dry state. When the heat transfer
surfaces change to the dry state, the heat transfer coef-
ficient is reduced. Accordingly, the heat flux is drastically
reduced as indicated by a chain line of FIG. 6.
�[0053] To avoid such reduction of heat flux, in the re-
gion with a quality X of not more than XB, the path space
is increased to SB-1_case 3 and SB-2_case 3 as the quality
decreases to XB-1 and XB-2. This can prevent the heat
flux from exceeding the critical heat flux even if the quality
becomes smaller than XB, thus providing a maximum
heat transfer coefficient.
�[0054] In a similar manner, in the region with a quality
X of not less than XB, the path space is reduced to
SB+1_case 3, SB+2_case 3, and SB+3_case 3 as the quality
increases to XB+1, XB+2, and XB+3, the heat transfer sur-
faces can be maintained to be wet. Accordingly, the heat
flux can be maintained within the critical heat flux even
if the quality becomes smaller than XB, thus providing a
maximum heat transfer coefficient.
�[0055] As described above, in the microchannel-�type
evaporator of the same flow direction type of the present
invention, the space S of the liquid path is set to a mini-
mum space size satisfying that heat flux is not more than
the critical heat flux according to the quality X, so that
thin liquid films of the liquid to be evaporated are formed
on part of the heat transfer surfaces which comes into
contact with the gas-�liquid two phase region of the liquid
path. The part of the heat transfer surfaces which comes
into contact with the gas-�liquid two phase region can be
therefore always maintained to have a high transfer co-
efficient. Accordingly, the heat exchange efficiency of the
microchannel-�type evaporator can be increased, and
moreover the microchannel-�type evaporator can be re-
duced in size.

(Embodiment 4)

�[0056] FIGS. 7�(a), 7�(b), and 7 �(c) show a basic constit-
uent unit of Embodiment 4 of the evaporator according
to the present invention.
�[0057] As shown in FIG. 7�(a), an evaporator 1 in this
embodiment is an embodiment in which space between
two opposite heat transfer plates 2 serves as a liquid path
3. Sections outside of the heat transfer plates 2 serve as
gas paths 4. To form a real evaporator, it is preferable
that the evaporator has a structure in which a plurality of
the basic constituent units shown in the drawing are ar-
ranged in parallel.
�[0058] At the lower end of the liquid path 3, a liquid
inlet 5, through which the liquid to be evaporated is sup-
plied to the evaporator 1, is provided. At the upper end
of the liquid path, a vapor outlet 6 is provided. The liquid

to be evaporated evaporates as flowing from the bottom
to the top of the evaporator 1. On the other hand, the
heating gas is supplied from gas inlets 7, which are pro-
vided at the right end of the evaporator, and discharged
from gas outlets 8, which are provided at the left end of
the evaporator. The evaporator of this embodiment is
therefore a cross flow type evaporator in which the flow
directions of the liquid to be evaporated and the heating
gas are orthogonal to each other. During operation of the
evaporator 1, the inside of the liquid path 3 is composed
of a liquid phase region 10, a gas-�liquid two phase region
11, and a gas phase region 12 sequentially from the bot-
tom.
�[0059] Size of space S of the liquid path 3 changes
three dimensionally so as to gradually decrease from the
bottom to the top in the gas-�liquid two phase region 11
and gradually decrease from the right to the left.
�[0060] Material of the heat transfer plates 2 can be a
corrosion-�resistant metal, for example, stainless steel,
titanium, and titanium alloy.
�[0061] Furthermore, the surface of each heat transfer
plate 2 which comes into contact with the liquid to be
evaporated is coated with titanium oxide or the like for
hydrophilic treatment. This can provide higher capillary
pressure and more penetration into the heating surfaces,
thus further increasing the critical heat flux.
�[0062] FIG. 8 shows changes (dashed lines) in heat
flux from the heating gas to the liquid to be evaporated
at a position L-�L in the upstream of the heating gas, a
position M-�M in the center of the evaporator 1, and a
position N-�N in the downstream of the heating gas and
critical heat flux of each path space.
�[0063] In this embodiment, the heat flux transferred
from the heating gas to the liquid to be evaporated in the
evaporator is the highest at the position L-�L in the up-
stream of the heating gas and decreases along with a
decrease in temperature of the heating gas toward the
position M-�M in the middle of the stream and the position
N-�N in the downstream. In this embodiment, similar to
Embodiment 1, it is assumed that the mass flow rate of
the heating gas is sufficiently higher than that of the liquid
to be evaporated and there is almost no change in tem-
perature of the heating gas between the gas inlets 7 and
the gas outlets 8. The heat flux given from the heating
gas through the heat transfer plates to the liquid to be
evaporated is therefore constant regardless of the quality
and is indicated by a dashed line of FIG. 8.
�[0064] In FIG. 8, the dashed line indicating the heat
flux q given from the heating gas to the liquid to be evap-
orated at the position M- �M and a line indicating the critical
heat flux qc of the path space SB intersect with each other
at a quality XB. In other words, the graph shows that the
critical heat flux is supplied at the position of the quality
XB of the evaporator with the path space SB. In the region
with a quality of not less than the quality XB, supplied
heat flux exceeds the critical heat flux. The heat transfer
surfaces therefore change from the wet state to the dry
state, and the heat transfer coefficient is reduced. Ac-
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cordingly, the heat flux is drastically decreased in a sim-
ilar manner to Embodiment 2, which is not shown in the
drawing.
�[0065] In this embodiment, to avoid such reduction of
heat flux, in a region with a quality X of not less than XB
at the position M-�M, the path space is increased to SB+1,
SB+2, and SB+3 as the quality increases to XB+1, XB+2,
and XB+3. The heat flux can be therefore prevented from
exceeding the critical heat flux even if the quality be-
comes larger than XB, thus providing a maximum heat
transfer coefficient. In the region of a quality X of not more
than XB, even if the path space is reduced to SB-1_case 3
and SB-2_case 3 as the quality decreases to XB-1 and XB-2,
the heat transfer surfaces can be maintained to be wet.
Accordingly, the heat flux can be maintained within the
critical heat flux even if the quality becomes smaller than
XB, thus providing a maximum heat transfer coefficient..
�[0066] In a similar manner, the dashed line indicating
the heat flux given from the heating gas to the liquid to
be evaporated at the position L-�L of the evaporator 1 and
a line indicating the critical heat flux of the path space SA
intersect with each other at a quality XA. In other words,
the graph shows that the critical heat flux is supplied at
the position of the quality XA of the evaporator with the
path space SA. The critical heat flux is supplied at the
position of the quality XA of the path space SA, and in the
region with a quality of not less than the quality XA, sup-
plied heat flux exceeds the critical heat flux. The heat
transfer surfaces therefore change from the wet state to
the dry state, and the heat transfer coefficient is reduced.
Accordingly, the heat flux is drastically reduced in a sim-
ilar manner to Embodiment 2, which is not shown in the
drawing.
�[0067] To avoid such reduction of heat flux, in the re-
gion with a quality X of not less than XA at the position
L-�L, the path space is increased as the quality increases
to XA+1, XA+2, and XA+3. This can prevent the heat flux
from exceeding the critical heat flux even if the quality
becomes larger than XA, thus providing a maximum heat
transfer coefficient. In a region with a quality X of not
more than XA, even if the path space is reduced as the
quality decreases to XA-1 and XA-2, the heat transfer sur-
faces can be maintained to be wet. The heat flux can be
therefore within the critical heat flux even if the quality
becomes smaller than XA, thus providing a maximum
heat transfer coefficient.
�[0068] In this embodiment, the same process as the
processes performed for the positions L-�L and M- �M is
performed across the entire region of the evaporator 1.
The space size can be thus set to a minimum space size
that allows the heat flux to be not more than the critical
heat flux according to the quality X.
�[0069] As described above, in the microchannel-�type
evaporator of the cross flow type, the space S of the liquid
path is set to the minimum space size satisfying that the
heat flux is not more than the critical heat flux according
to the quality X, so that thin liquid films of the liquid to be
evaporated are formed on part of the heat transfer sur-

faces which comes into contact with the gas-�liquid two
phase region of the liquid path. The part of the heat trans-
fer surfaces which comes into contact with the gas- �liquid
two phase region can be therefore maintained to have a
high transfer coefficient. Accordingly, the heat exchange
efficiency of the microchannel-�type evaporator can be
increased, and moreover the microchannel-�type evapo-
rator can be reduced in size.

(Embodiment 5)

�[0070] FIGS. 9�(a), 9 �(b), and 9 �(c) show a basic constit-
uent unit of Embodiment 5 as a modification of Embod-
iment 2.
�[0071] A difference between the evaporator of this em-
bodiment and the evaporator of Embodiment 2 is that the
path space S is gradually reduced in the gas phase region
12 of the liquid path 3. The other configuration is the same
as that of Embodiment 2. Same constituent components
are given same numerals, and redundant description is
omitted. This embodiment has an effect on preventing
droplets of the liquid to be evaporated from being dis-
charged from the vapor outlet 6.
�[0072] Gradually decreasing the path space S in the
gas- �phase region 12 of the liquid path 3 like Embodiment
5 can be applied to not only Embodiment 2 but also other
embodiments.

(Embodiment 6)

�[0073] FIGS. 10�(a), 10�(b), and 10 �(c) show a basic con-
stituent unit of Embodiment 6 of the evaporator according
to the present invention.
�[0074] An evaporator 1 of Embodiment 6 includes, in
addition to the cross flow-�type evaporator of Embodiment
4, a plurality of turning sections provided with partitions
9 in a heating gas path 4 to cause the heating gas to
meander. The other configuration is the same as that of
Embodiment 4. The same constituent components are
given same numerals, and redundant description is omit-
ted.
�[0075] In Embodiment 4, the boundary line between
the gas-�phase region 12 and the gas-�liquid two phase
region 11 and the boundary line between the gas-�liquid
two phase region 11 and the liquid-�phase region 10 are
sloped. However, according to this embodiment, these
boundary lines can be kept more parallel to the flow di-
rection of the heating gas than those of Embodiment 4.
Embodiment 6 therefore has an effect on further uniform-
ing the superheat of vapor generated from the end of the
vapor outlet 6.

(Embodiment 7)

�[0076] FIGS. 11 (a), 11 (b), and 11 (c) show a basic
constituent unit of Embodiment 6 as a modification of
Embodiment 2.
�[0077] An evaporator 1 of Embodiment 7 includes, in
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addition to the cross flow-�type evaporator of Embodiment
4, a plurality of turning sections provided with partitions
9 in a heating gas path 4 to cause the heating gas to
meander. Furthermore, a difference between Embodi-
ment 6 and Embodiment 7 is that the gas inlets 7 are in
the vicinity of the liquid inlet 5 and the gas outlets 8 are
in the vicinity of the vapor outlet 6. Accordingly, hottest
part of the heating gas heats the liquid phase region 10,
whose critical heat flux is highest, so that the space S of
the liquid path 3 can be configured to be narrower than
that of Embodiment 6. Embodiment 7 therefore has an
effect that the evaporator 1 thereof can be smaller than
that of Embodiment 6. The other configuration is the
same as that of Embodiment 4. The same constituent
components are given same numerals, and redundant
description is omitted.

(Embodiment 8)

�[0078] This embodiment is described using FIGS. 12
to 18. FIGS. 12 �(a), 12�(b), and 12�(c) show a basic con-
stituent unit of Embodiment 8 of the evaporator according
to the present invention. FIG. 13 shows a characteristic
of the critical heat flux under inlet conditions of pure water
as the liquid to be evaporated and high temperature gas
in the evaporator shown in FIG. 12. FIG. 14 shows a
relation between the inlet condition of the pure water and
the boiling region based on the characteristic of FIG. 13.
FIGS. 15 to 17 show flow patterns of the heating gas
when the evaporator is controlled based on a map of FIG.
14.
�[0079] As shown in FIG. 12, an evaporator 1 is an evap-
orator in which space between two opposite heat transfer
plates 2 serves as a liquid path 3. Sections outside of the
heat transfer plates 2 serve as the gas paths 4. To form
a real evaporator, it is preferable that the evaporator has
a structure in which a plurality of the basic constituent
units shown in the drawing are arranged in parallel.
�[0080] At the lower end of the liquid path 3, a liquid
inlet 5, through which the liquid to be evaporated is sup-
plied to the evaporator 1, is provided, and at the upper
end of the liquid path 3, a vapor outlet 6 is provided. The
liquid to be evaporated evaporates as flowing from the
bottom to the top of the evaporator 1. On the other hand,
the heating gas is supplied from gas inlets 7, which are
provided at the lower end of the evaporator, and dis-
charged from gas outlets 8, which are provided at the
upper end of the evaporator. The evaporator of this em-
bodiment is therefore a same flow direction type evapo-
rator in which the flow directions of the liquid to be evap-
orated and the heating gas are substantially in a same
direction. During operation of the evaporator 1, the inside
of the liquid path 3 is composed of a liquid phase region
10, a gas- �liquid two phase region 11, and a gas phase
region 12 sequentially from the bottom. Size of space S
of the liquid path 3 is substantially constant over the entire
region of the evaporator 1.
�[0081] Next, a description is given of the map of FIG.

14 using FIGS. 12 and 13.
�[0082] In Embodiment 8, as shown in FIG. 12, it is as-
sumed that the conditions at the inlet 5 of pure water are
mass flow rate mw �(g/s) and temperature Tw �(K) and the
conditions at the gas inlets 7 are mass flow rate mg �(g/s)
and temperature Tg �(K). Moreover, the critical heat flux
characteristic shown in FIG. 13 varies depending on the
space S of the microchannel as previously described,
and as the larger the space S is, the higher the critical
heat flux is.
�[0083] For example, a description is given of the fol-
lowing five patterns of the relation between the quality
and the heat flux when the space S is set to SB. First,
when the mass flow rate and temperature at the gas inlet
are mg2 and Tg2, respectively, the heat flux of the high
temperature gas and the liquid to be evaporated varies
as indicated by a dashed line along with changes in qual-
ity and is not more than the critical heat flux of the space
SB in a quality of 0 to 1. In a similar manner, also in cases
of (mg2, Tg1) and (mg1, Tg2), the heat flux is not more
than the critical heat flux of the space SB. These show
that a thin liquid film can be formed to enable an efficient
heat exchange.
�[0084] On the other hand, in cases of (mg2, Tg3) and
(mg3, Tg2), as the quality increases, the heat flux of the
high temperature gas and the liquid to be evaporated
intersects with the critical heat flux characteristic and
transits to the dryout region to be considerably reduced.
This causes the heat exchange coefficient to be reduced.
�[0085] The aforementioned results are put together as
FIG. 14 in terms of the relation between the (mg, Tg) con-
ditions at the inlet of the high temperature gas and the
boiling region. This map is in the case where the inlet
conditions of the pure water are mw (g/s) and Tw (K).
When it is judged whether the transition to the dryout
region is performed and the transition to the dryout region
is judged to be performed, the map of FIG. 14 is used to
determine a quantitative ∆Tg and ∆mg to make a transi-
tion to the wet region. The line separating the dryout re-
gion and the wet region in FIG. 14 is created by varying
the conditions mw, (g/s) and Tw (K) in a range of use and
plotting the conditions of mw (g/s) and Tw (K) at which
the heat flux characteristic with respect to the quality ob-
tained by experiments or calculations is tangent to the
critical heat flux characteristic.
�[0086] Next, using FIGS. 18�(a) to 18�(c), a description
is given of a configuration and an operation of systems
using the evaporator of this embodiment.
�[0087] Each system show in FIGS. 18 �(a) to 18 �(c) in-
cludes the evaporator 1, a superheater 21, a heating gas
inlet 31 of the system, valves 32, 33, and 34 each com-
posed of a three- �way valve to switch paths of the heating
gas, and a gas outlet 35 of the system. The superheater
21 further heats vapor from the evaporator of the present
invention to generate superheated vapor.
�[0088] The system of FIG. 18�(a) is a system charac-
terized by supplying the heating gas to the superheater
21 and the evaporator 1 in parallel when the mass flow
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rate of the heating gas is not less than a prescribed value.
�[0089] The system of FIG. 18�(b) is a system charac-
terized by supplying the heating gas to the superheater
21 and then to the evaporator 1 when the temperature
of the heating gas is not more than a prescribed value.
�[0090] The system of FIG. 18�(c) is a system charac-
terized by supplying the heating gas to the superheater
21 and the evaporator 1 in parallel and then supplying
the heating gas discharged from the superheater 21 to
the evaporator 1 when the mass flow rate and tempera-
ture of the heating gas are not less than the respective
prescribed values.
�[0091] Places indicated by thick lines in the drawing
show flows of the gas, and a black portion of each three-
way valve indicates the direction that the gas flow is
stopped. The embodiment is composed of two heat ex-
changers: one is the above described microchannel- �type
evaporator 1 mainly used in the wet region; and the other
is the superheater 21 to generate superheated vapor.
Gas passing through these heat exchangers which are
the evaporator 1 and superheater 21 is supplied to a hy-
drogen generation element such as a not-�shown auto
thermal reactor (ATR). In a normal state not described
below (in the case of the wet region), the gas bypasses
the superheater 21 to be supplied. FIGS. 18�(a) to 18�(c)
correspond to FIGS. 15 to 17, respectively, and FIGS.
15 to 17 are simplified and schematically shown. The
configuration diagrams shown in FIGS. 18�(a) to 18 �(c) are
just examples and do not limit the present invention.
�[0092] Next, a description is given of a specific control
using FIGS. 14 to 17. FIG. 15 shows a case of a change
in a direction A of FIG. 14, or a case where the condition
is changed from the condition (mg3, Tg2) to the condition
(mg2, Tg2). FIG. 16 shows a case of a change in a direction
B of FIG. 14, or a case where the condition is changed
from the condition (mg2, Tg3) to the condition (mg2, Tg2).
FIG. 17 shows a case of a change to a direction C of FIG.
14, or a case where the condition is changed from the
condition (mg3, Tg2) to the condition (mg2, Tg1).
�[0093] In the system of FIG. 15, the heating gas sup-
plied at the condition (mg3, Tg2) is supplied to the evap-
orator 1 and the superheater 21 at the condition (mg2,
Tg2) and the condition (∆mg, Tg2), respectively. The heat-
ing gas discharged from the evaporator 1 and the heating
gas discharged from the superheater 21 are joined and
fed to the ATR. The heating gas discharged from the
evaporator 1 may be passed through the superheater 21.
�[0094] In the system of FIG. 16, the heating gas sup-
plied at the condition (mg2, Tg3) is supplied to the super-
heater 21 at the condition (mg2, Tg3), and the temperature
of the heating gas is reduced at the superheater 21 by
∆Tg. The heating gas is then supplied to the evaporator
1 at the condition (mg2, Tg2). The heating gas discharged
from the evaporator 1 is fed to the ATR. The heating gas
discharged from the evaporator 1 may be again passed
through the superheater 21.
�[0095] In the system of FIG. 17, the heating gas sup-
plied at the condition (mg3, Tg2) is supplied to the evap-

orator 1 and the superheater 21 at the conditions (∆mg,
Tg2) and (mg3-�∆mg, Tg2), respectively. The heating gas
discharged from the superheater 21 is supplied to the
evaporator 1 at a temperature (Tg2-�∆Tg) and then fed to
the ATR. The heating gas discharged from the evapora-
tor 1 may be passed through the superheater 21. In FIGS.
15 to 17, reference numerals 25 to 28 denote a vapor
inlet, a superheated vapor outlet, a heating gas inlet, and
a heating gas outlet, respectively.
�[0096] As described above, in this embodiment, when
the mass flow rate of the heating gas is not less than the
prescribed value, the heating gas is supplied to the su-
perheater and the microchannel-�type evaporator in par-
allel. When the temperature of the heating gas is not low-
er than the prescribed value, the heating gas is supplied
to the superheater and then supplied to the microchan-
nel- �type evaporator. The heat transfer surfaces can be
therefore maintained to be wet at narrow spaces with a
constant cross section. Accordingly, the evaporator can
be reduced in size, and the gas-�liquid two phase region
can be maintained to have a high heat transfer coefficient.
It is therefore possible to realize a compact evaporator
with high efficiency.
�[0097] Note that the space S is configured to be con-
stant in Embodiment 8 but may be changed like Embod-
iments 1 to 7.
�[0098] The entire contents of Japanese Patent Appli-
cations No. 2004-162011 (Filing Date: May 31, 2004)
and No. 2002-254611 (Filing Date: September 1, 2004)
are herein incorporated by reference.
�[0099] Hereinabove, a description is given of the con-
tents of the present invention along the embodiments
and examples. However, it is obvious for those skilled in
the art that the present invention is not limited to the de-
scription about these embodiment and examples and
various modifications and improvements can be made.

INDUSTRIAL APPLICABILITY

�[0100] In the evaporator of the present invention, a thin
liquid film of a liquid to be evaporated is formed on part
of heat transfer surfaces coming into contact with a gas-
liquid two phase region. The part of the heat transfer sur-
faces coming into contact with the gas-�liquid two phase
region can be therefore always maintained to have a high
transfer coefficient. Accordingly, the heat exchange effi-
ciency of the evaporator can be increased, and the evap-
orator can be reduced in size.

Claims

1. A microchannel- �type evaporator, comprising: �

a path provided substantially vertically, through
which a liquid to be evaporated passes,
wherein a space size of the path is smaller than
diameters of bubbles departing from a heat
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transfer surface of the path, and the space size
of the path in a gas-�liquid two phase region is a
minimum size satisfying that a heat flux is not
more than a critical heat flux with respect to a
quality.

2. A microchannel-�type evaporator according to claim
1,
wherein the space size of the path varies depending
on a position in the path in the evaporator.

3. A microchannel-�type evaporator according to claim
2,
wherein the space size of the path varies along a
direction of a flow of the liquid to be evaporated.

4. A microchannel-�type evaporator according to claim
2,
wherein the space size of the path in a gas phase
region gradually decreases in a direction of a flow of
the liquid to be evaporated.

5. A microchannel-�type evaporator according to claim
3,
wherein the flow of the liquid to be evaporated is
substantially opposite to a flow of a heating gas, and
the space size of the path in the gas-�liquid two phase
region gradually increases in the direction of the flow
of the liquid to be evaporated.

6. A microchannel-�type evaporator according to claim
3,
wherein the flow direction of the liquid to be evapo-
rated and a flow direction of a heating gas are sub-
stantially in a same direction, and
a channel space of the path in the gas-�liquid two
phase region gradually decreases in the direction of
the flow of the liquid to be evaporated.

7. A microchannel-�type evaporator according to claim
2,
wherein the flow of the liquid to be evaporated is
substantially orthogonal to a flow of a heating gas,
and
a channel space of the liquid to be evaporated varies
in a direction of a high temperature gas.

8. A microchannel-�type evaporator according to claim
7, further comprising:�

a plurality of turning sections in a heating gas
path.

9. A microchannel-�type evaporator according to claim
1,
wherein flow directions of the liquid to be evaporated
and a heating gas are substantially in a same direc-
tion, and

a thin liquid film is formed on the heat transfer surface
by controlling a mass flow rate and/or a temperature
of a heating gas by use of a map of the mass flow
rate and a temperature of the heating gas with re-
spect to a mass flow rate and a temperature of the
liquid to be evaporated.

10. A system using a microchannel evaporator, compris-
ing: �

a microchannel-�type evaporator comprising a
path provided substantially vertically, through
which a liquid to be evaporated passes, wherein
a space size of the path is smaller than diame-
ters of bubbles departing from a heat transfer
surface of the path, and the space size of the
path in a gas- �liquid two phase region is a mini-
mum size satisfying that a heat flux is not more
than a critical heat flux with respect to a quality;
and
a superheater which further heats vapor from
the microchannel-�type evaporator to generate
superheated vapor.

11. A system using a microchannel evaporator accord-
ing to claim 10,
wherein, in the microchannel-�type evaporator, flow
directions of the liquid to be evaporated and a heating
gas are substantially in a same direction, and
when a mass flow rate of the heating gas is not less
than a prescribed value, the heating gas is supplied
to the superheater and the microchannel-�type evap-
orator in parallel.

12. A system using a microchannel evaporator accord-
ing to claim 10,
wherein, in the microchannel-�type evaporator, flow
directions of the liquid to be evaporated and a heating
gas are substantially in a same direction, and
when a temperature of the heating gas is not less
than a prescribed value, the heating gas is supplied
to the superheater and then supplied to the micro-
channel- �type evaporator.

13. A system using a microchannel evaporator accord-
ing to claim 10,
wherein, in the microchannel-�type evaporator, flow
directions of the liquid to be evaporated and a heating
gas are substantially in a same direction, and
when a mass flow rate and a temperature of the heat-
ing gas are not less than respective prescribed val-
ues, the heating gas is supplied to the superheater
and the microchannel-�type evaporator in parallel,
and the heating gas discharged from the superheater
is further supplied to the microchannel- �type evapo-
rator.
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