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(54) EJECTOR, EJECTOR PRODUCTION METHOD, AND METHOD FOR SETTING OUTLET FLOW

PATH OF DIFFUSER

(57)  An ejector 10 includes a nozzle 20, a suction
chamber 30, and a diffuser 40. An outlet flow path 50
includes a narrowed flow path 51 having a first tapered
surface 54 narrowed toward downstream, a parallel flow
path 52 having a constant sectional area, and a parallel
flow path 52 having a second tapered surface 55 expand-
ed toward downstream. The diffuser 40 further includes

FIG.1

an attachment 42 configured to change the dimensions

of the outlet flow path 50. The attachment 42 changes
the dimensions of the outlet flow path 50 such that the
ratio of the tapered angle a of the first tapered surface
54 to the tapered angle B of the second tapered surface
55 is higher as the sectional area, i.e., the inner diameter
D, of the parallel flow path 52 is smaller.
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Description
FIELD
[0001] The technique disclosed herein relates to an

ejector configured to suck second fluid by negative pres-
sure generated by ejection of first fluid to discharge the
second fluid together with the first fluid, the method for
manufacturing the ejector, and the method for setting an
outlet flow path of a diffuser used for the ejector.

BACKGROUND

[0002] For example, a general ejector is disclosed in
Patent Document 1. In this ejector, negative pressure
(pressure drop) is generated by ejection of first fluid (drive
fluid) from an injection port, and second fluid (drive target
fluid) is sucked by the negative pressure. Then, the first
fluid and the second fluid are mixed and discharged from
a diffuser (an outlet). An expanded flow path (a flow path
whose flow path sectional area increases toward a down-
stream side) is provided at the diffuser. When the fluid
mixture of the first fluid and the second fluid flows in the
expanded flow path, the velocity of the fluid mixture de-
creases, and the pressure of the fluid mixture increases.
The fluid mixture discharged from the ejector as de-
scribed above is supplied to, e.g., an apparatus on the
downstream side of the ejector.

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Patent Publica-
tion No. 2000-356305

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] In the above-described ejector, a discharge
pressure might change due to, e.g., achange in operation
conditions (the usage amount or usage pressure of the
fluid mixture) of the apparatus as a steam supply desti-
nation. For example, when the operation of temporarily
decreasing the usage amount of the fluid mixture in the
apparatus as the supply destination or temporarily in-
creasing the usage pressure is performed, the discharge
flow rate of the ejector decreases, and the discharge
pressure increases. When the discharge pressure be-
comes too high, the second fluid is less sucked, and
eventually, the suction flow rate of the second fluid sig-
nificantly decreases. In this case, an ejector configured
so that a sufficient suction flow rate of second fluid can
be ensured until the highest possible discharge pressure
has been demanded.

[0005] Performance of the ejector such as the dis-
charge pressure of the fluid mixture and the suction flow
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rate of the second fluid varies according to the specifica-
tions, i.e., the dimensions, of the flow path of the diffuser.
Note that various dimensions of the flow path of the dif-
fuser influence the performance of the ejector, and for
this reason, a change in the dimensions of the diffuser
might lower the performance of the ejector.

[0006] The technique disclosed herein has been made
in view of the above-described situation, and an object
of the technique is to reduce degradation of the perform-
ance of the ejector upon a simultaneous change of an
upper discharge pressure limit for ensuring a second fluid
suction flow rate.

SOLUTION TO THE PROBLEMS

[0007] The ejector disclosed herein includes a nozzle
configured to eject first fluid, a suction chamber config-
ured to house the nozzle and to suck second fluid by
negative pressure generated by ejection of the first fluid
from the nozzle, and a diffuser including an outlet flow
path and configured to mix and discharge the first fluid
and the second fluid of the suction chamber. The outlet
flow path includes a narrowed flow path having a first
tapered surface narrowed toward downstream, a parallel
flow path connected to a downstream end of the nar-
rowed flow path and having a constant sectional area,
and an expanded flow path connected to a downstream
end of the parallel flow path and having a second tapered
surface expanded toward downstream. The diffuser fur-
ther includes a changing unit configured to change the
dimensions of the outlet flow path. The changing unit
changes the dimensions of the outlet flow path such that
the ratio of the tapered angle of the first tapered surface
to the tapered angle of the second tapered surface is
higher as the sectional area of the parallel flow path is
smaller.

[0008] Moreover, the method for manufacturing the
ejector as disclosed herein includes the setting step of
setting the dimensions of the outlet flow path, and the
preparation step of preparing the diffuser having the di-
mensions of the outlet flow path set at the setting step.
At the setting step, the dimensions of the outlet flow path
are set such that the ratio of the tapered angle of the first
tapered surface to the tapered angle of the second ta-
pered surface is higher as the sectional area of the par-
allel flow path is smaller.

[0009] Further, the method for setting the outlet flow
path of the diffuser as disclosed herein includes the step
of setting the sectional area of the parallel flow path, and
the step of setting the dimensions of the outlet flow path
such that the ratio of the tapered angle of the first tapered
surface to the tapered angle of the second tapered sur-
face is higher as the sectional area of the parallel flow
path is smaller.

EFFECT OF THE INVENTION

[0010] According tothe above-described ejector, while
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the upper discharge pressure limit for ensuring the suc-
tion flow rate of the second fluid can be changed, deg-
radation of the performance of the ejector can be reduced
upon such a change.

[0011] According to the above-described method for
manufacturing the ejector, the ejector can be provided,
which is configured to reduce degradation of the perform-
ance of the ejector upon a simultaneous change of the
upper discharge pressure limit for ensuring the suction
flow rate of the second fluid.

[0012] According to the above-described method for
setting the outlet flow path of the diffuser, the ejector can
be realized, which is configured to reduce degradation
of the performance of the ejector upon a simultaneous
change of the upper discharge pressure limit for ensuring
the suction flow rate of the second fluid.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

[FIG. 1] FIG. 1 is a schematic view of a configuration
of an ejector according to an embodiment.

[FIG. 2] FIG. 2 is a graph of a relationship between
a discharge pressure and a suction flow rate.

[FIG. 3] FIG. 3 is a schematic sectional view of a
diffuser to which a first attachment is attached.

[FIG. 4] FIG. 4 is a schematic sectional view of a
diffuser to which a second attachment is attached.

DESCRIPTION OF EMBODIMENTS

[0014] Hereinafter, an exemplary embodiment will be
described in detail with reference to the drawings.
[0015] An ejector 10 is a steam ejector configured to
suck low-pressure steam (second fluid) by ejection of
high-pressure steam (first fluid), thereby mixing and dis-
charging these types of steam. That is, in the ejector 10,
the high-pressure steam is drive fluid, and the low-pres-
sure steam is suction fluid. The ejector 10 includes a
nozzle 20, a suction chamber 30, and a diffuser 40.
[0016] Aninflow pipe 91 connected to a high-pressure
steam supply source is connected to the nozzle 20. The
nozzle 20 is configured to eject the supplied high-pres-
sure steam. A tip end portion of the nozzle 20 is housed
in the suction chamber 30.

[0017] A low-pressure steam suction port 31 is provid-
ed at the suction chamber 30. Using negative pressure
(pressure drop) generated by ejection of the high-pres-
sure steam from the nozzle 20, the low-pressure steam
is sucked into the suction chamber 30 through the suction
port 31. Thatis, in the suction chamber 30, suction force
for sucking the low-pressure steam is generated by the
negative pressure generated by a jet pump effect of the
high-pressure steam. A suction pipe 92 connected to a
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low-pressure steam supply source is connected to the
suction port 31.

[0018] The diffuser 40 is connected to the suction
chamber 30. The diffuser 40 is configured to mix and
discharge the high-pressure steam ejected to the suction
chamber 30 and the low-pressure steam sucked into the
suction chamber 30. An outflow pipe 93 connected to a
steam mixture supply destination is connected to a down-
stream end of the diffuser 40.

[0019] The diffuser 40 hasadivided structure including
an upstream portion 41, an attachment 42, and a down-
stream portion 43. An upstream end of the upstream por-
tion 41 is connected to the suction chamber 30. A flange
41a is provided at a downstream end of the upstream
portion 41. A first flange 43a is provided at an upstream
end of the downstream portion 43, and a second flange
43b is provided at a downstream end of the downstream
portion 43. The downstream portion 43 is connected to
the outflow pipe 93 through the second flange 43b. The
attachment 42 is sandwiched between the upstream por-
tion 41 and the downstream portion 43. The flange 41a
of the upstream portion 41 and the first flange 43a of the
downstream portion 43 are fastened with bolts 44, and
in this manner, the attachment 42 is held by the upstream
portion 41 and the downstream portion 43. That is, the
attachment 42 can be replaced by loosening of the fas-
tened bolts 44. The attachment 42 is one example of a
changing unit.

[0020] An outlet flow path 50 of the high-pressure
steam and the low-pressure steam is formed at the dif-
fuser 40, the outlet flow path 50 communicating with the
suction chamber 30. The outlet flow path 50 includes a
narrowed flow path 51, a parallel flow path 52, and an
expanded flow path 53 in this order from an upstream
side. The section of the outlet flow path 50 is in a sub-
stantially circular shape. The diffuser 40 decreases the
velocity of the steam mixture and increases the pressure
of the steam mixture when the steam mixture flows in the
expanded flow path 53.

[0021] An upstream end of the narrowed flow path 51
opens to the suction chamber 30. The upstream end of
the narrowed flow path 51 faces a downstream end of
the nozzle 20 in the suction chamber 30. The sectional
area, i.e., the inner diameter, of the narrowed flow path
51 gradually decreases toward a downstream side. That
is, the narrowed flow path 51 has a first tapered surface
54 narrowed toward the downstream side. The parallel
flow path 52 is connected to a downstream end of the
narrowed flow path 51. The parallel flow path 52 is a flow
path having a constant sectional area, i.e., a constant
inner diameter. The parallel flow path 52 is a portion hav-
ing the smallest inner diameter in the outlet flow path 50,
and forms a so-called throat portion. The expanded flow
path 53 is connected to a downstream end of the parallel
flow path 52. The sectional area, i.e., the inner diameter,
of the expanded flow path 53 gradually increases toward
the downstream side. That s, the expanded flow path 53
has a second tapered surface 55 expanded toward the
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downstream side.

[0022] The narrowed flow path 51 is formed from the
upstream portion 41 to the attachment 42. The parallel
flow path 52 is formed at the attachment42. The expand-
ed flow path 53 is formed from the attachment 42 to the
downstream portion 43. That s, atleast an upstream end
portion of the narrowed flow path 51 is formed at the
upstream portion 41. At least a downstream end portion
of the narrowed flow path 51, the parallel flow path 52,
and at least an upstream end portion of the expanded
flow path 53 are formed at the attachment 42. At least a
downstream end portion of the expanded flow path 53 is
formed at the downstream portion 43.

[0023] Intheejector 10 configured as described above,
the high-pressure steam flowing in the inflow pipe 91 is
ejected to the suction chamber 30 through the nozzle 20,
and the low-pressure steam is sucked into the suction
chamber 30 through the suction port 31 by ejection of
the high-pressure steam. Then, the high-pressure steam
and the low-pressure steam in the suction chamber 30
are mixed together, and are discharged from the diffuser
40. The steam discharged from the diffuser 40 is supplied
to an apparatus on the downstream side. The flow ve-
locity of the steam mixture reaches about a sound velocity
at the parallel flow path 52 of the diffuser 40. Thereatter,
when the steam mixture flows in the expanded flow path
53, the velocity of the steam mixture is decreased, and
the pressure of the steam mixture is increased.

[0024] The discharge pressure of the ejector 10 might
increase according to an operation status or a specifica-
tion change of the apparatus as the steam supply desti-
nation. However, as illustrated in FIG. 2, there is an upper
discharge pressure limit (this discharge pressure will be
hereinafter referred to as a "maximum discharge pres-
sure") for ensuring a low-pressure steam suction flow
rate in the ejector 10. When the discharge pressure in-
creases beyond the maximumdischarge pressure Pmax,
a suction pressure also starts increasing. Eventually, the
flow velocity in the parallel flow path 52 decreases as
compared to the sound velocity, and a noncritical state
is brought. Accordingly, the suction pressure increases
to a value substantially equal to the discharge pressure.
That is, when the discharge pressure exceeds the max-
imum discharge pressure Pmax, the low-pressure steam
suction flow rate decreases rapidly.

[0025] The maximum discharge pressure Pmax can
be changed according to the specifications, i.e., the di-
mensions, of the outlet flow path 50. The diffuser 40 is
configured such that the dimensions of the outlet flow
path 50 is changeable by replacement of the attachment
42.

[0026] Forexample, itis conceivable that the inner di-
ameter D of the parallel flow path 52 is decreased in order
to increase the maximum discharge pressure Pmax. With
a decrease in the inner diameter D of the parallel flow
path 52, the flow velocity of the steam mixture in the par-
allel flow path 52 increases, and therefore, a critical state
of the pressure in the parallel flow path 52 is easily en-
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sured.

[0027] However, when only the inner diameter D of the
parallel flow path 52 is changed, not only the maximum
discharge pressure Pmax cannot be increased, but also
performance of the ejector 10 cannot be maintained. For
example, the low-pressure steam suction flow rate might
significantly decrease while the maximum discharge
pressure Pmax is increased. Conversely, the maximum
discharge pressure Pmax might decrease. That is, the
performance of the ejector 1 relates to various dimen-
sions of the outlet flow path 50, and other dimensions of
the parallel flow path 52 than the inner diameter D need
to be changed.

[0028] Forthese reasons, in the ejector 10, the dimen-
sions of the outlet flow path 50 are set such that the ratio
(hereinafter referred to as a "tapered angle ratio") o/} of
the tapered angle o of the first tapered surface 54 to the
tapered angle B of the second tapered surface 55 is high-
er as the sectional area, i.e., the inner diameter D, of the
parallel flow path 52 is smaller.

[0029] Specifically, the inner diameter D of the parallel
flow path 52 is set smaller for a higher target maximum
discharge pressure. Moreover, for reducing degradation
of the performance of the ejector 10, the tapered angles
o, B are set such that the tapered angle ratio o/ is higher
as the inner diameter D is smaller.

[0030] In the diffuser 40, the upstream portion 41 and
the downstream portion 43 are not replaceable. Thus,
the entire length of the attachment 42, the inner diameter
of the narrowed flow path 51 at an upstream end of the
attachment 42, and the inner diameter of the expanded
flow path 53 at a downstream end of the attachment 42
are not changed. Thus, according to a change in the inner
diameter D, the tapered angle o of a portion of the first
tapered surface 54 formed at the attachment 42 and the
tapered angle 3 of a portion of the second tapered surface
55 formed at the attachment 42 are changed. Unless
otherwise stated, the "tapered angle o" and the "tapered
angle B" will hereinafter mean the tapered angles of the
tarped surface portions formed at the attachment 42.
[0031] The tapered angle o of the first tapered surface
54 is changed greater for a smaller inner diameter D. In
this case, the tapered angles a, p are set such that the
tapered angle ratio o/f is higher as the inner diameter D
is smaller. That is, in a case where at least one of the
tapered angles o, 3 needs to increase as the inner diam-
eter D gets lower, the tapered angle o is more increased,
and an increase in the tapered angle § is suppressed.
[0032] For example, in a case where both of the ta-
pered angles o, B increase as the inner diameter D gets
lower, the tapered angles o, B are set such that the in-
crease rate of the tapered angle a (i.e., the tapered angle
o after change/the tapered angle o before change) is
greater than the increase rate of the tapered angle 3 (i.e.,
the tapered angle p after change/the tapered angle
before change).

[0033] Inthis manner, degradation of the performance
of the ejector 10 is reduced. Specifically, the tapered an-
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gle a of the first tapered surface 54 and the tapered angle
B of the second tapered surface 55 might influence tur-
bulence of the flow of the steam mixture. Greater angles
resultin more flow turbulence due to separation. Greater
flow turbulence results in lower performance of the ejec-
tor 10. In the diffuser 40, the tapered angle B of the ex-
panded flow path 53 more influences flow turbulence as
compared to the tapered angle o of the narrowed flow
path 51. Thus, in a case where the tapered angles a, 3
need to increase as the inner diameter D of the parallel
flow path 52 gets lower, the tapered angle o.is more great-
ly changed, and an increase in the tapered angle § is
suppressed. In this manner, worsening of flow turbulence
can be reduced, and degradation of the performance of
the ejector 10 can be reduced.

[0034] In addition, for further reducing degradation of
the performance of the ejector 10, the length P of the
parallel flow path 52 is set shorter for a smaller inner
diameter D. Specifically, the length P of the parallel flow
path 52 is set to satisfy the following expression (1), i.e.,
in proportion to the inner diameter D.

P=MxD...(1),

where M represents a constant.

[0035] That is, even in a case where the dimensions
of the parallel flow path 52 are changed, the expression
(1) is satisfied before and after change. In other words,
P/D is substantially equal between before and after
change.

[0036] Note that as a result of a larger tapered angle
o for a smaller inner diameter D, the length Q of the nar-
rowed flow path 51 is also shorter as the inner diameter
D gets smaller.

[0037] Moreover, the length of the expanded flow path
53 is set to such a value that the performance of the
ejector 10 is not influenced even when the lengths of the
narrowed flow path 51 and the parallel flow path 52 are
changed.

[0038] FIG. 3 is a schematic sectional view of the dif-
fuser 40 to which a first attachment 42A is attached, and
FIG. 4 is a schematic sectional view of the diffuser 40 to
which a second attachment 42B is attached.

[0039] The first attachment 42A has the parallel flow
path 52 whose inner diameter D is d1. In this case, the
length p1 of the parallel flow path 52is M X d1. Moreover,
the length of the narrowed flow path 51 is g1. The tapered
angle a1 of aportion of the first tapered surface 54 formed
at the first attachment 42A is the same as the tapered
angle a0 of aportion of the first tapered surface 54 formed
at the upstream portion 41. The tapered angle 1 of a
portion of the second tapered surface 55 formed at the
first attachment 42A is the same as the tapered angle 0
of a portion of the second tapered surface 55 formed at
the downstream portion 43.

10

15

20

25

30

35

40

45

50

55

[0040] On the other hand, the second attachment 42B
has the parallel flow path 52 whose inner diameter D is
d2. In this case, the length p2 of the parallel flow path 52
at the second attachment 42B is M X d2. Moreover, the
length of the narrowed flow path 51 is q2. The tapered
angle a2 of aportion of the first tapered surface 54 formed
at the second attachment 42B is greater than the tapered
angle o0 of the portion of the first tapered surface 54
formed at the upstream portion 41. The tapered angle 2
of a portion of the second tapered surface 55 formed at
the second attachment 42B is greater than the tapered
angle B0 of the portion of the second tapered surface 55
formed at the downstream portion 43.

[0041] The inner diameter d2 of the parallel flow path
52 of the second attachment42B is smaller than the inner
diameter d1 of the parallel flow path 52 of the first attach-
ment 42A, and therefore, the parallel flow path 52 of the
second attachment 42B is shorter than the parallel flow
path 52 of the first attachment 42A.

[0042] In this case, in association with a smaller inner
diameter d2than the inner diameterd1, the tapered angle
a2 of the first tapered surface 54 of the second attach-
ment 42B is greater than the tapered angle a1 of the first
tapered surface 54 of the first attachment 42A, and the
tapered angle 2 of the second tapered surface 55 of the
second attachment 42B is greater than the tapered angle
B1 of the second tapered surface 55 of the first attach-
ment 42A. In this case, the tapered angle ratio a2/p2 of
the second attachment 42B is greater than the tapered
angle ratio a1/B1 of the first attachment 42A. That is,
when the inner diameter D is changed from d1 to d2, the
increase rate of the tapered angle a is greater than the
increase rate of the tapered angle §.

[0043] Note that in association with an increase in the
tapered angle a, the length Q of the narrowed flow path
51 decreases from q1 to g2.

[0044] As described above, the inner diameter d2 of
the parallel flow path 52 of the second attachment 42B
is smaller than that of the first attachment 42A, and there-
fore, the maximum discharge pressure Pmax of the dif-
fuser 40 into which the second attachment 42B is incor-
porated is higher than that in the case of incorporating
the first attachment 42A. In this case, the tapered angle
aismore increased, and anincrease in the tapered angle
B is suppressed. In this manner, degradation of the per-
formance of the ejector 1 is reduced. Specifically, the
tapered angle a of the first tapered surface 54 and the
tapered angle B of the second tapered surface 55 are
increased, and therefore, flow turbulence might occur.
However, the tapered angle o of the first tapered surface
54 is more increased, and an increase in the tapered
angle 3 of the second tapered surface 55 is suppressed.
Thus, worsening of flow turbulence can be reduced. As
a result, the maximum discharge pressure Pmax can be
increased with a sufficient suction flow rate being en-
sured. Note that the inner diameter D of the parallel flow
path 52 is decreased, and therefore, the low-pressure
steam suction flow rate is slightly decreased.
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[0045] Note that from a different point of view, the por-
tion of the first tapered surface 54 formed at the upstream
portion 41 and the portion of the second tapered surface
55 formed at the downstream portion 43 are not changed,
and therefore, the tapered angle ratio a.2/p2 atthe second
attachment 42B is, with reference to the tapered angle
a0 at the upstream portion 41 and the tapered angle 0
at the downstream portion 43, greater than the tapered
angle ratio 00/B0 at the upstream portion 41 and the
downstream portion 43. That is, in a case where at least
one of the tapered angles «, B of the attachment 42 is
greater than the tapered angles a0, B0 at the upstream
portion 41 and the downstream portion 43, the tapered
angle o is more increased as compared to the tapered
angle B, and an increase in the tapered angle B is sup-
pressed.

[0046] Further, the relationship of the expression (1)
is maintained before and after change in the dimensions
of the outlet flow path 50. That is, p2/d2 is substantially
equal to p1/d1. This also reduces degradation of the per-
formance of the ejector 1.

[0047] Asaresult, the low-pressure steam suction flow
rate can be ensured even when the discharge pressure
of the ejector 10 increases due to the operation status or
the specification change of the apparatus as the steam
supply destination.

[0048] Subsequently, the method for manufacturing
the above-described ejector 1 will be described.

[0049] Specifically, the method for manufacturing the
ejector 1 includes the setting step of setting the dimen-
sions of the outlet flow path 50, and the preparation step
of preparing the diffuser 40 having the dimensions set at
the setting step.

[0050] Atthe setting step, the inner diameter D and the
length P of the parallel flow path 52, the tapered angle o
of the first tapered surface 54, and the tapered angle
of the second tapered surface 55 at the attachment 42
are set. At this step, the tapered angles «, 8 are set such
that the tapered angle ratio o/ is higher as the sectional
area, i.e., the inner diameter D, of the parallel flow path
52 is smaller.

[0051] Forexample, theinnerdiameter D (i.e., the sec-
tional area) of the parallel flow path 52 is set so that the
target maximum discharge pressure can be realized.
With the inner diameter D, the length P of the parallel
flow path 52 is set based on the expression (1). Then,
the tapered angles a, B are set such that the tapered
angleratio o/B is higher as the inner diameterD is smaller.
A relationship among the inner diameter D and the ta-
pered angles o, B is obtained in advance. With the inner
diameter D, the corresponding tapered angles o, B are
set.

[0052] When the length P of the parallel flow path 52
and the tapered angles o, B are set, the length of the
narrowed flow path 51 and the length Q of the expanded
flow path 53 are inevitably determined from the entire
length of the attachment 42.

[0053] At the preparation step, the diffuser 40 having
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the dimensions of the outlet flow path 50 set at the setting
step is prepared. For example, the attachment 42 having
the dimensions of the outlet flow path 50 set at the setting
step is produced. Alternatively, the attachment 42 suita-
ble for the operation status or the specifications of the
apparatus as the steam supply destination is selected
from multiple attachments 42 having different inner di-
ameters D of the narrowed flow path 51 and having a
greater tapered angle ratio a/p for a smaller inner diam-
eter D.

[0054] The method for manufacturing the ejector 1 fur-
ther includes an assembly step. At the assembly step,
the nozzle 20, the suction chamber 30, and the diffuser
40 are assembled together. Specifically, the nozzle 20
and the upstream portion 41 of the diffuser 40 are at-
tached to the suction chamber 30. Then, the attachment
42 and the downstream portion 43 are attached to the
upstream portion 41 with the attachment 42 being sand-
wiched between the upstream portion 41 and the down-
stream portion 43.

[0055] Alternatively, in a case where a new ejector 10
is manufactured by replacement of the attachment 42 of
the already-assembled ejector 10, the attachment 42
having a smaller inner diameter D and a greater tapered
angle ratio o/p than those before replacement s prepared
at the preparation step. Such an attachment 42 is newly
produced, or is selected from multiple attachments 42.
Then, the attachment 42 of the ejector 10 is replaced with
the attachment 42 prepared at the preparation step.
[0056] As described aboave, the ejector 10 includes
the nozzle 20 configured to eject the high-pressure steam
(the first fluid), the suction chamber 30 configured to
house the nozzle 20 and to suck the low-pressure steam
(the second fluid) by the negative pressure generated by
ejection of the high-pressure steam from the nozzle 20,
and the diffuser 40 having the outlet flow path 50 and
configured to mix and discharge the high-pressure steam
and the low-pressure steam of the suction chamber 30.
The outlet flow path 50 includes the narrowed flow path
51 having the first tapered surface 54 narrowed toward
the downstream side, the parallel flow path 52 connected
to the downstream end of the narrowed flow path 51 and
having the constant sectional area, and the expanded
flow path 53 connected to the downstream end of the
parallel flow path 52 and having the second tapered sur-
face 55 expanded toward the downstream side. The dif-
fuser 40 further includes the attachment 42 (the changing
unit) configured to change the dimensions of the outlet
flow path 50. The attachment 42 changes the dimensions
of the outlet flow path 50 such that the ratio o/p of the
tapered angle a of the first tapered surface 54 to the
tapered angle B of the second tapered surface 55 is high-
er as the sectional area of the parallel flow path 52 is
smaller.

[0057] According to this configuration, the dimensions
of the outlet flow path 50 are changed by the attachment
42. Upon such a change, when the sectional area, i.e.,
the inner diameter D, of the parallel flow path 52 is
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changed, the maximum discharge pressure Pmax of the
ejector 10 can be changed. In this case, the dimensions
of the outlet flow path 50 are set such that the tapered
angle ratio o/ is higher as the sectional area of the par-
allel flow path 52 is smaller. That is, in a case where at
leastone of the tapered angles o, B needs to beincreased
in response to a decrease in the sectional area of the
parallel flow path 52, the tapered angle o is more in-
creased, and an increase in the tapered angle f is sup-
pressed. In this manner, the maximum discharge pres-
sure Pmax of the ejector 10 can be changed. In addition,
flow disturbance due to an increase in the tapered angles
o, B can be reduced, and degradation of the performance
of the ejector 10 can be reduced.

[0058] Moreover, the attachment 42 changes the di-
mensions of the outlet flow path 50 such that the length
P of the parallel flow path 52 is shorter as the sectional
area of the parallel flow path 52 is smaller.

[0059] Accordingtothis configuration, notonly the sec-
tional area but also the length P of the parallel flow path
52 are changed. Thus, while degradation of the perform-
ance of the ejector 1 can be further reduced, the maxi-
mum discharge pressure Pmax can be changed.
[0060] More specifically, the attachment 42 changes
the dimensions of the outlet flow path 50 such that the
length P of the parallel flow path 52 is changed in pro-
portion to the inner diameter D of the parallel flow path 52.
[0061] According to this configuration, a relationship
between the inner diameter D and the length P is held
constant before and after change in the dimensions of
the parallel flow path 52. Thus, while degradation of the
performance of the ejector 1 can be reduced, the maxi-
mum discharge pressure Pmax can be changed.
[0062] Further, part of the diffuser 40 is formed from
the replaceable attachment 42. The attachment 42 in-
cludes at least part of the narrowed flow path 51, the
parallel flow path 52, and at least part of the expanded
flow path 53. The dimensions of the outlet flow path 50
are changed by replacement of the attachment 42.
[0063] That is, the diffuser 40 is configured such that
the attachment 42 is replaceable. The outlet flow paths
50 with different dimensions are formed at multiple at-
tachments 42. In comparison among the attachments 42
with different sectional areas, i.e., different inner diame-
ters D, of the parallel flow path 52, the tapered angle ratio
o/B at the attachment 42 with a smaller inner diameter D
is greater than the tapered angle ratio o/f at the attach-
ment 42 with a greater inner diameter D. As a result, the
maximum discharge pressure Pmax of the ejector 10 can
be changed by replacement of the attachment 42 without
the need for replacement of the entirety of the diffuser
40, and degradation of the performance of the ejector 10
can be reduced. Moreover, it is not necessary to replace
the entirety of the ejector 10, and therefore, the dimen-
sions of the outlet flow path 50 can be easily changed.
[0064] In addition, the method for manufacturing the
ejector 10 includes the setting step of setting the dimen-
sions of the outlet flow path 50, and the preparation step
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of preparing the diffuser 40 having the dimensions of the
outlet flow path 50 set at the setting step. At the setting
step, the dimensions of the outlet flow path 50 are set
such that the ratio o/p of the tapered angle o of the first
tapered surface 54 to the tapered angle p of the second
tapered surface 55 is higher as the sectional area of the
parallel flow path 52 is smaller.

[0065] According to this configuration, while degrada-
tion of the performance of the ejector 10 can be reduced,
the ejectors 10 with different maximum discharge pres-
sures Pmax can be manufactured.

[0066] Moreover, at the preparation step, the diffuser
40 having the outlet flow path 50 set at the setting step
is prepared by replacement of the attachment 42 of the
diffuser 40 including the replaceable attachment 42.
[0067] That is, the dimensions of the outlet flow path
50 of the diffuser 40 are changed by replacement of the
attachment 42. Thus, the dimensions of the narrowed
flow path 51 and the parallel flow path 52 can be changed
without the need for changing the entirety of the diffuser
40.

[0068] Moreover, the method for setting the outlet flow
path of the diffuser 40 includes the step of setting the
sectional area of the parallel flow path 52, and the step
of setting the dimensions of the outlet flow path 50 such
that the ratio o/p} of the tapered angle o of the first tapered
surface 54 to the tapered angle B of the second tapered
surface 55 is higher as the sectional area of the parallel
flow path 52 is smaller.

<<Other Embodiments>>

[0069] As described above, the embodiment has been
described as an example of the technique disclosed in
the present application. However, the technique of the
present disclosure is not limited to above, and is also
applicable to embodiments to which changes, replace-
ments, additions, omissions, etc. are made as necessary.
Moreover, each component described above in the em-
bodiment may be combined to form a new embodiment.
Further, the components described in the detailed de-
scription with reference to the attached drawings may
include not only components essential for solving the
problems, but also components not essential for solving
the problems and provided for illustrating the above-de-
scribed technique by an example. Thus, description of
the non-essential components in the detailed description
with reference to the attached drawings should not be
directly recognized as these non-essential components
being essential.

[0070] The above-described embodiment may have
the following configurations.

[0071] The diffuser 40 has the structure divided into
three portions, but may have a structure divided into two
portions or four or more portions.

[0072] Moreover, the method for fixing the attachment
42 is not limited to sandwiching between the upstream
portion 41 and the attachment 42. As long as the attach-
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ment 42 can be fixed, an optional fixing method can be
employed.

[0073] Further, the configuration for changing the di-
mensions of the outlet flow path 50 is not limited to the
configuration by the attachment 42. For example, the dif-
fuser may include a deformable mechanism capable of
changing the inner diameter. The deformable mecha-
nism may have a tubular wall portion configured to form
the outlet flow path 50 and exhibiting flexibility, and mul-
tiple pressing members (e.g., bolts) arranged at the outer
periphery of the wall portion in a circumferential direction
and configured to press the wall portion inward in a radial
direction. The wall portion is deformed in such a manner
that the wall portion is pressed inward in the radial direc-
tion by the pressing member. Accordingly, the inner di-
ameter of the wall portion is decreased. Thus, the inner
diameter D, i.e., the sectional area, of the parallel flow
path 52 can be changed. Further, multiple sets of the
pressing members are provided at different positions of
the wall portion in an axial direction thereof, multiple
pressing members arranged in the circumferential direc-
tion of the wall portion being taken as a single set. That
is, depending on at which positions in the axial direction
the pressing members are pressed, the length Q of the
narrowed flow path 51 can be changed. Furthermore, the
tapered angle a of the first tapered surface 54, the length
Y of the parallel flow path 52, and the length of the ex-
panded flow path 53 can be changed. Furthermore, the
tapered angle B of the second tapered surface 55 can be
changed. In other configurations than above, an optional
configuration capable of changing the dimensions of the
outlet flow path 50 can be employed.

[0074] Further,the diffuser 40 has the divided structure
including the attachment 42, but is not limited to above.
For example, the diffuser 40 may have an integrated
structure. In this case, multiple diffusers 40 each have
the outlet flow paths 50 with different dimensions, and
each diffuser40is configured such thatthe tapered angle
ratio o/p is higher as the inner diameter D is smaller.
Among these diffusers 40, the suitable diffuser 40 is se-
lected, and is incorporated into the ejector 10. That is, at
the preparation step in the method for manufacturing the
ejector 10, the diffuser 40 having the dimensions (the
inner diameter D and the tapered angles o, ) of the outlet
flow path 50 set at the setting step is selected from mul-
tiple diffusers 40, or is newly produced.

[0075] In the examples of FIGS. 3 and 4 as described
above, both of the tapered angle a of the first tapered
surface 54 and the tapered angle  of the second tapered
surface 55 are increased in such a manner that the inner
diameter D is decreased from d1 to d2, but the present
invention is not limited to these examples. While the ta-
pered angle o increases as the inner diameter D gets
smaller, the tapered angle  may be held constant or may
decrease. Even in this case, an increase in the tapered
angle B is suppressed, and worsening of the flow is re-
duced.
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INDUSTRIAL APPLICABILITY

[0076] The technique disclosed herein is useful for the
ejector, the method for manufacturing the ejector, and
the method for setting the outlet flow path of the diffuser
used for the ejector.

DESCRIPTION OF REFERENCE CHARACTERS

[0077]

10 Ejector

20 Nozzle

30 Suction Chamber
40 Diffuser

42 Attachment (Changing unit)

42A  First Attachment (Changing unit)

42B  Second Attachment (Changing unit)

50 Outlet Flow Path

51 Narrowed Flow Path

52 Parallel Flow Path

53 Expanded Flow Path

54 First Tapered Surface

55 Second Tapered Surface

o Tapered Angle of First Tapered Surface
B Tapered Angel of Second Tapered Surface
P Length of Parallel Flow Path

Claims
1. An ejector comprising:

a nozzle configured to eject first fluid;

a suction chamber configured to house the noz-
zle and to suck second fluid by negative pres-
sure generated by ejection of the first fluid from
the nozzle; and

a diffuser including an outlet flow path and con-
figured to mix and discharge the first fluid and
the second fluid of the suction chamber,
wherein the outlet flow path includes a narrowed
flow path having afirsttapered surface narrowed
toward downstream, a parallel flow path con-
nected to a downstream end of the narrowed
flow path and having a constant sectional area,
and an expanded flow path connected to a
downstream end of the parallel flow path and
having a second tapered surface expanded to-
ward downstream,

the diffuser further includes a changing unit con-
figured to change a dimension of the outlet flow
path, and

the changing unit changes the dimension of the
outlet flow path such that a ratio of a tapered
angle of the first tapered surface to a tapered
angle of the second tapered surface is higher
as the sectional area of the parallel flow path is



15 EP 3 438 466 A1 16

smaller.

The ejector according to claim 1, wherein

the changing unit changes the dimension of the out-
let flow path such that a length of the parallel flow
path is shorter as the sectional area of the parallel
flow path is smaller.

The ejector according to claim 2, wherein

the changing unit changes the dimension of the out-
let flow path such that the length of the parallel flow
path changes in proportion to an inner diameter of
the parallel flow path.

The ejector according to any one of claims 1 to 3,
wherein

part of the diffuser is formed from a replaceable at-
tachment,

the changing unit is the attachment,

the attachmentincludes at least part of the narrowed
flow path, the parallel flow path, and at least part of
the expanded flow path, and

the dimension of the outlet flow path is changed by
replacement of the attachment.

A method for manufacturing an ejector including a
nozzle configured to eject first fluid, a suction cham-
ber configured to house the nozzle and to suck sec-
ond fluid by negative pressure generated by ejection
of the first fluid from the nozzle, and a diffuserinclud-
ing an outlet flow path having a narrowed flow path
having a first tapered surface narrowed toward
downstream, a parallel flow path connected to a
downstream end of the narrowed flow path and hav-
ing a constant sectional area, and an expanded flow
path connected to a downstream end of the parallel
flow path and having a second tapered surface ex-
panded toward downstream and configured to mix
and discharge the first fluid and the second fluid of
the suction chamber, comprising:

a setting step of setting a dimension of the outlet
flow path; and

a preparation step of preparing the diffuser hav-
ing the dimension of the outlet flow path set at
the setting step,

wherein at the setting step, the dimension of the
outlet flow path is set such that a ratio of a ta-
pered angle of the first tapered surface to a ta-
pered angle of the second tapered surface is
higher as the sectional area of the parallel flow
path is smaller.

The method for manufacturing the ejector according
to claim 5, wherein

at the preparation step, the diffuser having the outlet
flow path set at the setting step is prepared by re-
placement of a replaceable attachment of the diffus-

10

15

20

25

30

35

40

45

50

55

er including the attachment.

A method for setting an outlet flow path of a diffuser
including an outlet flow path having a narrowed flow
path having a first tapered surface narrowed toward
downstream, a parallel flow path connected to a
downstream end of the narrowed flow path and hav-
ing a constant sectional area, and an expanded flow
path connected to a downstream end of the parallel
flow path and having a second tapered surface ex-
panded toward downstream and used for an ejector,
comprising:

a step of setting a sectional area of the parallel
flow path; and

a step of setting a dimension of the outlet flow
path such that a ratio of a tapered angle of the
first tapered surface to a tapered angle of the
second tapered surface is higher as the section-
al area of the parallel flow path is smaller.
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