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(57) Abstract: A fluid mixer is provided with a hollow tube-shaped body (41) which mixes therein discharge gas (G4) and gas (G5)
for heating, a first inlet (43) which is provided at the upstream end of the body (41) and which allows the discharge gas (G4) to tflow
therein, a hollow tube-shaped mixing promotion body (38) which is disposed within the body (41) and which has an axis (C1) ex-
tending in the direction in which the discharge gas (G4) flows, and a second inlet opening (45) which is provided in the peripheral
wall of the body (41) and which allows the gas (GS5) for heating to flow therein toward the outer peripheral surface (38a) of the mix-
ing promotion body (38). The discharge gas (G4) flows outside and inside the mixing promotion body (38).
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FLUID MIXER AND HEAT EXCHANGE
SYSTEM USING SAME

CROSS REFERENCE TO THE RELATED APPLICATION

This application is based on and claims Convention priority to
Japanese patent application No. 2011-223820, filed October 11, 2011, the entire
disclosure of which is herein incorporated by reference as a part of this
application.

BACKGROUND OF THE INVENTION
(Field of the Invention)

The present invention relates to a fluid mixing device for uniformly
mixing two dissimilar fluids such as, for example, a high temperature fluid and a
low temperature fluid.

(Description of Related Art)

A reference herein to a patent document or other matter which is
given as prior art 1s not to be taken as an admission that that document or matter
was known or that the information it contains was part of the common general
knowledge as at the priority date of any of the claims.

Throughout the description and claims of the specification, the word
"comprise" and variations of the word, such as "comprising" and "comprises”, is
not intended to exclude other additives, components, integers or steps.

In an apparatus for mixing a plurality of fluids together, it is desirable
that the temperature distribution and the distribution of gas concentrations after
the mixing are uniform. For example, where a turbine or a heat exchanger is
disposed downstream of the mixing device, unless the temperature distribution of
the mixed gas is uniform, stresses induced by uneven thermal strains occur in
turbine blades and/or heat transmitting tubes and, as a result, the life of the
turbine and/or the heat transmitting tube may be shortened. The efficiency of

the machinery is also lowered.
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Accordingly, in order to promote the mixing, a structure, in which
ribs are provided in a field of fluid flow to facilitate the turbulent flow, and a
structure, in which a flow is forcibly deflected to combine two fluid flows, have
been known in the art. (See, for example, the patent document 1 listed below.)
In those structures, the pressure loss of a tubing is large, the structure is
complicated and the cost of manufacture increases accordingly. Where a high
temperature fluid is used, a component part that contacts the high temperature
fluid is required to have a heat resistance and, accordingly, the cost of
manufacture further increases. Also, another suggestion has been made (as
disclosed in the patent document 2 listed below) in which respective tubes for the
flow of two fluids are connected together in a T-shaped fashion so that those two
fluids may be mixed together with a simple structure.

[Prior Art Literature]
Patent Document 1~ JP Laid-open Patent Publication No. 2008-049306
Patent Document 2 JP Laid-open Patent Publication No. 2002-136855

It has been found that the fluid mixing device disclosed in the patent
document 2 referred to above, although simple in structure, is incapable of
providing a sufficiently uniformly mixed condition because the two fluids meet
at right angles.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been devised to provide a fluid
mixing device which is simple in structure, but is capable of accomplishing a
uniform mixing accompanied by the pressure loss being suppressed.

There is provided, in accordance with the present invention a fluid
mixing device which comprises: a hollow tubular main body to mix first and
second fluids within it; a first inflow port provided in an upstream end portion of
the main body and through which the first fluid flows; a mixing promotion body
of a tubular shape disposed inside the main body and having a longitudinal axis

extending in a direction conforming to a direction of flow of the first fluid; the
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mixing promotion body also having its opposite ends left open; and a second
inflow port provided in a peripheral wall of the main body and through which the
second fluid flows towards an outer peripheral wall of the mixing promotion
body, wherein the mixing promotion body is disposed in substantially coaxial
relation with the main body, wherein the first fluid, introduced into the main
body through the first inflow port, flows inside and outside of the mixing
promotion body, wherein the first fluid, which flows the outside of the mixing
promotion body, is first mixed with the second fluid, which is introduced into the
main body through the second inflow port, to produce a primary mixed gas and
wherein the primary mixed gas 1s further mixed at a location downstream of the
mixing promotion body with the first fluid which flows the inside of the mixing
promotion body to produce a secondary mixed gas.

According to the present invention, the mixing promotion body
having the longitudinal axis extending in a direction conforming to the direction
of flow of the first fluid is disposed inside the main body and, therefore, the
second fluid is introduced so as to flow towards the outer peripheral surface of
the mixing promotion body. Therefore, the second fluid, after having impinged
against the outer peripheral surface of the mixing promotion body, flows around
the entire area circumferentially of the mixing promotion body and, hence, the
first and second fluids are sufficiently mixed together in the outside of the mixing
promotion body. The second fluid, after having been mixed with the first fluid
flowing through the outside of the mixing promotion body, is again mixed, at a
location downstream of the mixing promotion body, with the first fluid having
flown the inside of the mixing promotion body, thus facilitating the mixing of the
first and second fluids together.  Also, since the first fluid flows in a direction
conforming to the longitudinal axis of the mixing promotion body of a tubular
shape, the pressure loss of the first fluid can be suppressed. In addition, since
the mixing promotion body is disposed inside the main body and the second

inflow port 1s merely disposed in the main body so that the second fluid can flow
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toward the mixing promotion body through the second inflow port, the structure
is simple.

Regardless of the position at which the second inflow port is defined
in a direction circumferentially of the main body, the distance between the
second inflow port and the mixing promotion body becomes constant and,
therefore, the accuracy is no longer required in positional relation between the
second inflow port and the mixing promotion body. Accordingly, the
manufacture is rendered to be easy.

In another preferred embodiment of the present invention, the fluid
mixing device may further include a first tubing and a second tubing. The first
tubing forms the main body whereas the second tubing is fluid connected with
the first tubing so as to lie at right angle to the first tubing. This second tubing

1s used to supply the second fluid therethrough to the second inflow port.
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According to this structural feature, the second fluid impinges against the mixing
promotion body in a direction perpendicular to the longitudinal axis of such
mixing promotion body and, therefore, the second fluid can flow around an entire
outer peripheral surface of the mixing promotion body to allow the mixing
between the first and second fluids to be further promoted.

In a further preferred embodiment of the present invention, the fluid
mixing device may further includes a first tubing forming the main body is fluid
connected with a second tubing to supply the second fluid to the second inflow
port. The second tubing has an end edge at that joint and the joint is disposed in
flush with or radially outwardly of an inner peripheral surface of the first tubing.
According to this structural feature, owning to the second tubing, the flow of the
first fluid flowing through the first tubing is no longer hampered and the pressure
loss of the tubing can be further suppressed.

In a yet preferred embodiment of the present invention, the first fluid
may be of a temperature lower than the second fluid. Since the first fluid is
lower in temperature than the second fluid, the entire surface of the mixing
promotion body can be cooled by the first fluid and, therefore, there is no need to
employ an extra structure designed specifically to avoid the overheating of the
mixing promotion body.

In a vet further preferred embodiment of the present invention, a
downstream portion of the main body may be defined by a flared body having its
passage surface area that increases in a downstream direction.  According to this
structural feature, the mixed fluid can be diffused by the flared body and,
therefore, the mixing can be further promoted.

The present invention also provides a heat exchange system in which
the fluid mixing device of the kind designed also according to the present
invention and discussed above is disposed upsiream of a heat exchanger
According to this second aspect of the present invention, since the mixed fluid is

introduced into the heat exchanger after the two fluids have been sufficiently

4>~



10

15

20

mixed together by the fluid mixing device, the temperature distribution in the
section perpendicular to the flow of the mixed fluid is uniformized and,
consequently, the heat exchange efficiency increased.

Any combination of at least two constructions, disclosed in the
appended claims and/or the specification and/or the accompanying drawings
should be construed as included within the scope of the present invention. In
particular, any combination of two or more of the appended claims should be
equally construed as included within the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In any event, the present invention will become more clearly
understood from the following description of preferred embodiments thereof,
when taken in conjunction with the accompanying drawings. However, the
embodiments and the drawings are given only for the purpose of illustration and
explanation, and are not to be taken as limiting the scope of the present invention
in any way whatsoever, which scope is to be determined by the appended claims.
In the accompanying drawings, like reference numerals are used to denote like
parts throughout the several views, and:

Fig. 1 is a block diagram showing a leaned fuel intake type gas
turbine system utilizing a fluid mixer designed according to a first preferred
embodiment of the present invention;

Fig. 2 is a schematic structural diagram showing the layout of major
component parts of the gas turbine system shown in Fig. 1;

Fig. 3 is a schematic structural diagram showing the fluid mixer;

Fig. 4 is a schematic sectional view showing a support structure for
the fluid mixer;

Fig. 5 is a cross sectional view taken along the line V-V in Fig. 4;

Fig. 6 is a diagram showing a temperature distribution in an axial

direction of the fluid mixer;
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Fig. 7 is a diagram showing a temperature distribution in a radial
direction, which appears at a site of an inlet to a regenerator connected with the
fluid mixer;

Fig. 8 is a diagram showing a temperature distribution in an axial
direction, which is exhibited by a conventional fluid mixer;

Fig. 9 is a diagram showing a temperature distribution in the radial
direction, which appears at the site of an inlet to the regenerator connected with
the conventional fluid mixer;

Fig. 10 is a schematic structural diagram showing the fluid mixer
designed in accordance with a second preferred embodiment of the present
invention;

Fig. 11 is a diagram showing a temperature distribution in the axial
direction, which is exhibited by the fluid mixer shown in Fig. 10; and

Fig. 12 is a diagram showing a temperature distribution in the radial
direction, which appears at the site of the inlet to the regenerator connected with
the fluid mixer shown in Fig. 10.

DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to the accompany drawings.

In particular, Fig. 1 illustrates a schematic structural diagram of a
leaned fuel intake type gas turbine system utilizing a fluid mixer designed in
accordance with a first preferred embodiment of the present invention. The gas
turbine system includes a gas turbine engine GT which in turn includes a
compressor 1, a catalytic combustor 2 utilizing a catalyst such as, for example,
platinum or palladium, and a turbine 3. By an output of the gas turbine engine
GT, a rotating machine 4, which serves as a power generator and a starter, is
driven.

A working gas G1 used in this gas turbine engine GT may be a low

calorie gas such as, for example, a VAM (Ventilation Air Methane) medmum,

~<B-



10

15

20

25

produced in a coal mine or a CMM (Coal Mine Methane) medium having a
higher concentration of combustible component (methane) than that of the VAM
medium, in which air and fuel {(combustible component) are mixed together.
The working gas G1 is compressed by the compressor 1 and the resultant high
pressure, compressed gas (G2 is in turn supplied to the catalytic combustor 2.
This compressed gas G2 is burned by a catalytic reaction with the catalyst such
as, for example, platinom or palladium within the catalytic combustor 2 to
produce a high temperature and high pressure combustion gas G3.  This
combustion gas G3 is then supplied to the turbine 3 to drive the latter.

The turbine 3 is drivingly connected with the compressor 1 through a
rotary shaft 5 and, therefore, the compressor 1 is driven by this turbine 3. In
this way, a power generating apparatus 50 including the gas turbine engine GT
and the rotating machine 4 is formed. Here, the fuel concentration
(concentration of the combustible component) in the working gas G1, in which
only the VAM medium is used, is lower than a combustible concentration limit
even at a temperature after it has been boosted as a result of the compression
made by the compressor 1, and, therefore, it is not ignited in the compressor 1.
Also, even in the case in which the CMM medium having a high concentration of
combustible component is added to the working gas Gl consisted of only the
VAM medium is used as hereinabove described, the amount of addition thereof is
controlled so as to be lower than the combustible conceniration limit at the
temperature which has been boosted as a result of the compression made by the
compressor 1, and therefore it is not ignited.

The gas turbine engine GT referred to above also includes a
regenerator (heat exchanger) 6 for heating the compressed gas G2, which is
introduced from the compressor 1 to the catalytic combustor 2 by an exhaust gas
G4 from the turbine 3, and a warming burner 7 for activating the catalyst by
increasing the temperature of the compressed gas G2, flowing into the catalytic

combustor 2, at the time of start. This warming burner 7 performs a warming
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by mixing a warming gas GS, formed by mixing a fuel into an extracted gas G20
which is partially extracted from the compressed gas G2 compressed by the
compressor 1 and then subjecting the resultant mixture to a flame combustion,
into the exhaust gas G4 supplied from the turbine 3 to the regenerator 6. The
warming burner 7 is fluid connected with a gas bleed valve 8 for controlling the
amount of the extracted gas G20 to be supplicd to the warming burner 7. The
exhaust gas G4 flowing outwardly from the regenerator 6 is, after sounds thereof
have been reduced by a silencer (not shown), discharged to the outside. The
control performed by the gas bleed valve 8 to control the amount of supply of the
extracted gas G20 to the warming burner 7 is carried out in response to an output
signal from a controller 20.

The fuel supply to the warming burper 7 takes place while the flow of
the CMM medium, supplied from a CMM source 13 such as a drilled portion in a
coal pit, is controlled by a first fuel flow control valve 9. The flow adjustment
of the CMM medium performed by the first fuel flow control valve 9 is carried
out by the controller 20. The supply of the working gas Gl towards the
compressor 1 is accomplished by admixing the CMM medium, extracted from
the CMM source 13, into the VAM medium from a VAM source 12 such as, for
example, a ventilation in the coal pit, according to the need, while the flow
thereof is adjusted by a second fuel flow control valve 10. The CMM medium
contains a methane gas in a guantity within the range of about 10 to 30% whereas
the VAM medium contains methane in a quantity smaller than 1%. The flow
adjustment of the CMM performed by the second fuel flow control valve 10 is
also carried out by the controller 20. A suction passage extending from the
VAM source 12 to the compressor 1 is fluid connected with an air source 19 such
as, for example, an outside air through a shunt valve (open/close) 18 for the
purpose of purging that takes place at the time of start of the operation.

The rotary shaft 5 that connects between the compressor | and the

turbine 3 is comprised of a single shaft, and this rotary shaft 5 is drivingly
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connected with the rotating machine 4 through a reduction gear unit 17. The
electric power obtainable by the rotating machine 4 driven by the rotation of the
turbine 3 is inpuited to the controller 20.  An electric power converting device
11 drives, as a starter motor, the rotating machine 4 at the time of start by means
of the controller 20.

As best shown in Fig. 2, the turbine 3 and the regenerator 6 are fluid
connected together through a tubular exhaust duct 25,  This tubular exhaust duct
25 is made up of a hollow cylindrical body 25a, positioned adjacent the turbine 3,
and a flared body 25b fluid connected with a downstream end of the hollow
cylindrical body 25a and so shaped as to flare towards the regenerator 6, that is,
towards a downstream side. The flared body 25b has its upstream end portion
representing a circular sectional shape, a downstream end portion representing a
rectangular shape having its longitudinal axis lying vertically, and a substantially
intermediate portion lying between the upstream end portion and the downstream
portion. The intermediate portion of the flared body 25b has a hollow defined
therein so as to have a varving sectional shape over the length thereof, which
changes gradually from a round shape to a rectangular shape. It is, however, to
be noted that the downstream end portion of the flared body 25b may have a
round sectional shape.

The hollow cylindrical body 25a of the exhaust duct 25 referred to
above forms a first tubing with which is connected a second tubing 28 extending
from the warming burner 7 for supplying the warming gas G5 info the exhaust
duct 25. The hollow cylindrical body 25a has a rear portion, and a mixing
promotion body 38, which is of a tubular shape, specifically a hollow cylindrical
shape in this example, is disposed inside of the rear portion of the hollow
cylindrical body 25a with its longitudinal axis C1 (best shown in Fig. 3) lying
parallel to the direction in which the exhaust gas G4 flows.

As previously discussed, the warming burner 7 is supplied with the

CMM medium, which is a fuel component, from the CMM source 13 (best
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shown in Fig. 1). A extracted gas passage 27 is branched off from a compressed
gas passage 24 through which the compressed gas G2 is supplied from the
compressor 1 to the regenerator 6, and the warming burner 7 and the gas bleed
valve 8 positioned upstream of the warming burner 7 are provided in this
extracted gas passage 27. A portion of the exiracted gas passage 27
downstream of the warming burner 7 is formed as the second tubing 28 referred
to hereinabove.

Referring now to Figs. 3 and 4, the details of a fluid mixing device 40
will be described. The fluid mixing device 40 is constituted by a portion of the
exhaust duct 25, the mixing promotion body 38 and a downstream portion of the
second tubing 28. A main body 41 of the fluid mixing device 40 is constituted
by a downstream portion of the first tubing (hollow cylindrical body) 25a, which
is a portion of the exhaust duct 25, and the flared body 25b. A first inflow port
43 is provided in an upsiream end portion of the main body 41 and a second
inflow port 45 communicated with the second tubing 28 is provided in a
peripheral wall of the main body 41. As shown in Fig. 2, the fluid mixing
device 40 and the regenerator (heat exchanger) 6 disposed downstream of the
fluid mixing device 40 cooperate with each other to define a heat exchange
system 42.

As best shown in Fig. 3, the exhaust gas G4, which is a first fluid
flowing inside the exhaust duct 25, flows into the main body 41 through the first
inflow port 43 and passes through both of the inside and outside of the mixing
promotion body 38. The mixing promotion body 38 is disposed coaxially with
the hollow c¢ylindrical body 25a. Although in the embodiment now under
discussion the mixing promotion body 38 is shown as having a hollow
cylindrical shape, any hollow member having any suitable shape, for example, a
polygonal columnar shape, a conical shape or a polyangular conical shape, or the
mixing promotion body 38 may have a downstream end face which may be

radially inclined (as shown in Fig. 10 which will be mentioned later).
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The second tubing 28 is welded to the hollow cylindrical body 25a of
the exhaust duct 25 so as to lic at right angle thereto. The warming gas G3,
which is a second fluid from the second tubing 28, flows into the main body 41
through the second inflow port 45, defined by a downstream end edge 46 (best
shown in Fig. 4) of the second tubing 28, so as to impinge against an outer
peripheral surface 38a of the mixing promotion body 38. The warming gas G5
after having impinged against the outer peripheral surface 38a of the mixing
promotion body 38, while guided by and along the outer peripheral surface 38a
of the mixing promotion bedy 38, flows between an inner peripheral surface 29
of the hollow cylindrical body 25a of the exhaust duct 25 and the outer peripheral
surface 38a of the mixing promotion body 38a. The exhaust gas G4, which is
the first fluid, has a temperature lower than that of the warming gas G35, which is
the second fluid.

The mixing promotion body 38 is disposed with its outer peripheral
surface 38a confronting the second inflow port 45 so that the warming gas G35,
which is the second fluid, from the second tubing 28 may impinge thereupon.
As Fig. 4 makes it clear, in the axial direction of the mixing promotion body 38,
the second inflow port 45 in its entirety, which is formed in the second tubing 28,
overlaps an outer peripheral surface 38a of the mixing promotion body 38, when
viewed from side, in a direction axially of the mixing promotion body 38. In
other words, the second inflow port 45 is positioned between an upstream end
edge 38b and a downstream end edge 38¢ of the mixing promotion body 38.

The mixing promotion body 38 shown in Fig. 3 has an outer diameter
DO which is within the range of about 0.35 to 0.55 times, preferably within the
range of 0.4 to 0.5 times, the inner diameter DI, of the hollow cylindrical body
25a.  Also, in order to suppress a fluid flow resistance of the exhaust gas G4, the
mixing promotion body 38 has a wall thickness which is preferably as small as
possible, provided that the strength is retained. In addition, the diameter DO of

the mixing promotion body 38 referred to above is within the range of 0.9 to 1.3
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times, preferably 1.0 to 1.2 times, the inner diameter DI, of the second tubing 28.
The mixing promotion body 38 has a length L which is within the range of about
1.2 to 3.0 times, preferably 1.5 to 2.5 times, the inner diameter DI, of the second
tubing 28.

As shown in Fig. 4, the hollow cylindrical body 25a of the exhaust
duct 25 and the second tubing 28 are connected together at a joint 44, and an end
edge 46 of an outlet portion 28a of the second tubing 28 at the joint 44 is
substantially in flush with the inner peripheral surface 29 of the hollow
cylindrical body 25a of the exhaust duct 25. [t is, however, to be noted that the
downstream end edge 46 of the second tubing 28 may be disposed at a location
somewhat spaced a distance radially outwardly of the inner peripheral surface 29
of the hollow cylindrical body 25a.

As shown in Fig. 5, the second tubing 28 has a longitudinal axis C2
that extends at right angle to the longitudinal axis C1 of the mixing promotion
body 38. Accordingly, the warming gas GS flowing through the second tubing
28 impinges upon a vertex and its adjacent area of the mixing promotion body 38.
The mixing promotion body 38 is supported by the hollow cylindrical body 25a
of the exhaust duct 25 through a support member 48 that extends a radial
direction thereof. The support member 48 is provided at end portion to the
mixing promotion body 38 that are opposed to each other in a direction parallel
to the longitudinal axis C1 as best shown in Fig. 4. The support member 48 at
each of the opposite end portions of the mixing promotion body 38 has an inner
end portion fixed to the outer peripheral surface of the mixing promotion body 338
by means of a first fastening member 58 such as, for example, a bolt and also has
an outer end portion connected with the inner peripheral surface of the exhaust
duct 25 by means of a second fastening member 59 such as, for example, a bolt.

One of the support members 48, for example, the upstream support
member 48 disposed on an upstream side with respect to the direction of flow in

the exhaust duct 25 in this example, is rigidly (immovably) supported in a
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direction (axial direction) of flow while the other of the support members 48, for
example, the downstream support member 48 disposed on a downstream side
with respect to the direction of flow in the exhaust duct 25 in this example, is
axially movably supported, so that the thermal expansion of the mixing
promotion body 38 in the axial direction can be absorbed. More specifically,
the outer end portion of the downstream support member 48 referred to above is
provided with a slot having a great length in the axial direction and, with the
second fastening member 59 having been inserted through this long slot, the
mixing promotion body 38 is supported for movement in the axial direction.

As shown in Fig. 3, each of the support member 48 is made up of a
plate member and is provided at three locations circumferentially of the mixing
promotion body 38. Each of the support members 48 has its radially inner and
outer end portions that are so formed as to be ramified in a circumferential or
lateral direction away from each other so that the thermal expansion of the
mixing promotion body 38 in a direction radially thereof can be absorbed.

The support structore for the mixing promotion body 38 hereinabove
detailed may not be necessarily limited to that shown and described, but may be
of any design or configuration provided that the thermal expansion occurring in
the mixing promotion body 38 can be absorbed. For example, the mixing
promotion body 38 may be supported in a cantilever fashion by means of the
support member 48 in the form of a link mechanism that is disposed between the
exhaust duct 25 and the mixing promotion body 38 so that the thermal expansion
of the mixing promotion body 38 can be absorbed.

The operation of the gas turbine engine GT of the structure
hereinabove described will now be described. At the time of start, since the
temperature of the catalytic burner 2 shown in Fig. 1 is lower than the activation
lower limit temperature or the lowest temperature at which the catalyst in the
catalytic combustor 2 can be activated, the temperature of the compressed gas G2

flowing through the regenerator 6, which regenerator 6 is warmed up consequent
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upon the ignition of the warming burner 7, is increased until it reaches a
predetermined temperature at which the catalytic reaction takes place in the
catalytic combustor 2.

At this time, as best shown in Fig. 3, the exhaust gas G4 from the
turbine 3 and the warming gas G5 from the warming burner 7 are mixed together
within the fluid mixing device 40. More specifically, the exhaust gas G4 flows
into the main body 41 of the fluid mixing device 40 through the first inflow port
43 and then flows inside and outsides of the mixing promotion body 38. At the
same time, after the warming gas G5 flows radially into the main body 41
through the second port 45 to impinge against the outer peripheral surface 38a of
the mixing promotion body 38, and thereafter flows between the outer peripheral
surface 38a of the mixing promotion body 38 and the main body 41, that is, the
inner peripheral surface 29 of the hollow cylindrical body 25a of the exhaust duct
25,

The warming gas G5 flowing between the outer peripheral surface
38a of the mixing promotion body 38 and the inner peripheral surface 29 of the
main body 41 is first mixed with the exhaust gas G4 then flowing the outside of
the mixing promotion body 38 (i.e., a primary mixing takes place). Since the
warming gas G5 collides against the outer peripheral surface 38a of the mixing
promotion body 38, it is guided along the outer peripheral surface 38a over the
entire area of the main body 41 in directions radially and circumferentially of the
main body 41.  Accordingly, the mixing of the exhaust gas G4 and the warming
gas G5 is promoted. At this time, the entire surface of the mixing promotion
body 38 is cooled by the low temperature exhaust gas G4 then flowing the inside
of the mixing promotion body 38.

Thereafter, a mixed gas, which is a gas formed by the exhaust gas G4
and the warming gas G5 so mixed together during the primary mixing referred to
above, is further mixed at a location downstream of the mixing promotion body

38 with the exhaust gases G4 having flown the inside of the mixing promotion
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body 38 (i.e., a secondary mixing takes place). With the mixing taking place in
two stage as hereinabove described, the mixing of the exhaust gas G4 and the
warming gas G5 is further promoted.  Also, since the mixed gas having flown
through the mixing promotion body 38 flows into and is diffused by the flared
body 25b of the main body 41, the mixing is still further promoted.

When the normal or rated running takes place, the temperature of the
exhaust gas G4 increases and the compressed gas G2, fed from the compressor 1
best shown in Fig. 1, is heat exchanged with the exhaust gas G4 within the
regenerator 6, and, therefore, the compressed gas G2 after having been heat
exchanged is elevated in temperature to a value enough to allow the catalytic
combustor 2 to be operated.  As a result, with the gas bleed valve 8 closed, the
operation of the warming burner 7 is halted. Accordingly, in the fluid mixing
device 40 best shown in Fig. 3, only the exhaust gas G4 flows and no warming
gas G5 is infroduced. That is to say, only the exhaust gas G4 flows the inside
and outside of the mixing promotion body 38. At this time, since the mixing
promotion body 38 is so shaped and so configured to have the longitudinal axis
C1 that extends in a direction parallel to the direction of flow of the exhaust gas
G4, the resistance which the exhaust gas G4 may receive from the mixing
promotion body 38 is sufficiently low. Accordingly, during the normal running
that takes place the maximum length of operating time, the pressure loss of the
exhaust gas G4 can be effectively suppressed.

In the construction hereinabove described, as shown in Fig. 3, since
the mixing promotion body 3% having its longitudinal axis C1 extending in the
direction conforming to the direction of flow of the exhaust gas G4 is disposed
on the inside of the main body 41 and the exhaust gas G4 flows the outside and
the inside of the mixing promotion body 38 in a direction parallel to the
longitudinal axis C1 of the mixing promotion body 38, the pressure loss of the
exhaust gas G4 is suppressed. Also, as the warming gas G5 is introduced

towards the outer peripheral surface 38a of the mixing promotion body 38, the
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warming gas G35 collides against the outer peripheral surface 38a to flow in
respective directions radially and circumferentially of the main body 41. Asa
result, at the outside of the mixing promotion body 38 the exhaust gas G4 and the
warming gas G5 are sufficiently mixed together. The warming gas G35, after
having been mixed with the exhaust gas G4 then flowing the outside of the
mixing promotion body 38, is again mixed with the exhaust gas G4 having flown
the inside of the mixing promotion body 38 and, therefore, the mixing of the
exhaust gas G4 and the warming gas G35 is promoted. Also, since the mixing
promotion body 38 is disposed in the inside of the main body 41 and the second
inflow port 45 for introducing the warming gas GS in a direction towards the
mixing promotion body 38 is mercly disposed, the structure is simple.

Also, since the mixing promotion body 38 is disposed substantially
coaxially with the main body 41, the distance between the second inflow port 43
and the mixing promotion body 38 becomes constant regardless of the position at
which the second inflow port 45 is defined in a direction circumferentially of the
main body 41. Therefore, the accuracy in positional relation between the
second inflow port 45 and the mixing promotion body 38 is no longer required
and, hence, the manufacture can become easy.

In addition, since the second tubing 28 is connected with the exhaust
duct 25 so as to lie substantially at right angle to the latter, the warming gas G5
impinges against the outer peripheral surface 38a of the mixing promotion body
38 in a direction at right angles thereto and, therefore, the warming gas G3 flows
in respective directions radially and circumferentially of the exhaust duct 25 or
the main body 41. As a result, the mixing of the exhaust gas G4 and the
warming gas G5 is further promoted.

As best shown in Fig. 4, since the end edge 46 of the second tubing
28 at the joint 44 between the exhaust duct 25 and the second tubing 28 is in
flush with the inner peripheral surface 29 of the exhaust duct 25, the flow of the

exhaust gas G4 then flowing through the exhaust duct 25 is not disturbed by the

(163~



10

18

20

25

second tubing 28 and, therefore, the pressure loss of the exhaust gas G4 is further
suppressed.

Yet, since the temperature of the exhaust gas G4 is lower than that of
the warming gas GS, the entire surface of the mixing promotion body 38 that
contacts the warming gas G5 of a high temperature is cooled by the exhaust gas
(G4, Hence, there is no need to use any structure required to avoid an
overheating of the mixing promotion body 38 and the structure further becomes
simple.

As shown in Fig. 3, since a downstream portion of the main body 41
is formed by the flared body 25b having a passage surface area that increased
towards the downstream direction, the mixed gas of the exhaust gas G4 and the
warming gas G35 is diffused by the flared body 25b and the mixing is further
promoted.

As shown in Fig. 2, since the fluid mixing device 40 is disposed at a
location upstream of the regenerator 6 which is the heat exchanger, after the
exhaust gas G4 and the warming gas G5 have been sufficiently mixed together
by the fluid mixing device 40, the mixed gas is introduced into the regenerator 6.
Therefore, the temperature distribution in the section for crossing the flow of the
mixed fluid is uniformized and, consequently, the heat exchange efficiency
increases.

In order to ascertain the mixing condition in the fluid mixing device
40 according to the above described embodiment, a series of computer analyses
were conducted.  Also, as a comparative example, the structure which does not
make use of the mixing promotion body 38 employed in the fluid mixing device
40 according to the foregoing embodiment was similarly analyzed.

Fig. 6 illustrates a temperature distribution in the axial direction,
which was exhibited when using the fluid mixing device 40 according to the
foregoing embodiment to mix the exhaust gas G4 with the warming gas G35, Fig.

7 illustrates a temperature distribution in the radial direction exhibited on the
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cross sectional view, taken along the line VII-VII in Fig. 6, that is, at a site of an
exit of the fluid mixing device 40. Figs. & and 9 illustrate respective
temperature distributions exhibited by the comparative example. In the
following figures, numbers with parentheses {1} to (21) represent respective
regions ranging from a high temperature to a low temperature. In Figs. 6 and &,
the same numbers of (1} to (9) represent the same temperature regions.
Similarly, in Figs. 7 and 9, the same numbers of (10) to (21) represent the same
temperature regions.

As shown in Fig. 6, with the fluid mixing device 40 according to the
foregoing embodiment, the warming gas G35 of a high temperature spreads from a
center portion to a lower portion of the flared body 25b and, as a resuli, it is
readily understood that as shown in Fig. 7, at the site of exit of the fluid mixing
device 40, the temperature distribution is uniformized and, hence, the both gases
are properly mixed together. On the other hand, with a fluid mixing device
according to the comparative example, as shown in Fig. &, the warming gas G5
of a high temperature massively flow into a lower portion of the flared body 25b
and, as a result, as shown in Fig. 9, the temperature distribution is biased at the
site of exit of the fluid mixing device 40 with the both gases insufficiently mixed
together.

Fig. 10 illustrates a schematic structural diagram of the fluid mixing
device 40A designed in accordance with a second preferred embodiment of the
present invention. The fluid mixing device 40A according to the second
embodiment differs from the fluid mixing device 40 according to the previously
described embodiment only in that in the downstream end face 62 of the mixing
promotion body 38A which is, according to the second embodiment, so shaped as
an end face inclined upwardly in a direction towards the downstream side.
Other structural features are similar to those shown and described in connection
with the previously described first embodiment. In other words, a downstream

end portion (lower portion) of the mixing promotion body 38, which is opposite
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to a portion (upper portion) thereof that confronts the second tubing 28, is cut to
incline. Although in this example, the angle of inclination 8 of the lower end
face 62 relative to the radial direction is shown as 45°, this angle of inclination 8
may be sct to a value within the range of about 20 to 60° and preferably within
the range of about 30 to 50°. The second inflow port 45 is located between an
upstream end edge 3RAa of the mixing promotion body 38A and a downstream
end edge 38Ab of a portion (upper portion shown in Fig. 10} that confronts the
second inflow port 45.

Even with the fluid mixing device 40A according to the second
embodiment, as is the case with the fluid mixing device 40 according to the
previously described first embodiment, verification was made by means of a
series of computer analyses. Results thereof are shown in Figs. 11 and 12, As
can readily be understood from Fig, 11, with the fluid mixing device 40A
designed according to the second embodiment, a still larger quantity of the
warming gas G35 of a high temperature flows in the vicinity of a center portion of
the flared body 25b and, accordingly, as can readily be understood from Fig. 12,
the temperature distribution is further uniformized as compared with that
exhibited by the fluid mixing device 40 according to the previously described
first embodiment.

Although in describing any one of the first and second embodiments a
downsiream portion of the hollow cylindrical body 25a forming an upstream
portion of the main body 41 has been shown and described as representing the
hollow cylindrical shape, it may be a flaring tube of a kind having a small
tapering ratio somewhat flaring in a direction towards the downstream side.
Also, where the tapering ratio of the flared body 25b of the main body 41 is small,
the mixing promotion body 38 may be disposed within the inside of the flared
body 25b. In addition, with the flared body 25b omitted, the entire main body
41 of the fluid mixing device 40 may be so shaped as to have a cylindrical shape.

Yet, the second inflow port 45 may be provided in a plural number so that
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different fluids can be introduced into the main body 41 through the respective
inflow ports 45.

Although the present invention has been fully described in connection
with the preferred embodiments thereof with reference to the accompanying
drawings which are used only for the purpose of illustration, those skilled in the
art will readily conceive numerous changes and modifications within the
framework of obvicusness upon the reading of the specification herein presented
of the present invention. Accordingly, such changes and meodifications are,
unless they depart from the scope of the present invention as delivered from the
claims annexed hereto, to be construed as included therein.

[Reference Numerals]
6 ---- Regencrator (Heat exchanger)

25 -+ Exhaust duct

28 -+~ Second tubing

29 ---- Inner peripheral surface of the main body

38, 38A -+ Mixing promotion body
38a ---- Quter peripheral surface of the mixing promotion body
40, 40A -+ Fluid mixing device

41 ---- Main body (First tubing)

42 ---- Heat exchange system

43 ---- First inflow port

44 ---- Joint

45 -+ Second inflow port

46 ---- End edge of the second tubing

C1 ---- Longitudinal axis

(G4 -+ Exhaust gas (First fluid)

GS -+ Warming gas {Second fluid)
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The claims defining the invention are as follows:
1. A fluid mixing device which comprises:

a hollow tubular main body to mix first and second fluids within it;

a first inflow port provided in an upstream end portion of the main body
and through which the first fluid flows;

a mixing promotion body of a tubular shape disposed inside the main body
and having a longitudinal axis extending in a direction conforming to a direction
of flow of the first fluid; the mixing promotion body also having its opposite
ends left open; and

a second inflow port provided in a peripheral wall of the main body and
through which the second fluid flows towards an outer peripheral wall of the
mixing promotion body,

wherein the mixing promotion body is disposed in substantially coaxial
relation with the main body,

wherein the first fluid, introduced into the main body through the first
inflow port, flows inside and outside of the mixing promotion body,

wherein the first fluid, which flows the outside of the mixing promotion
body, 1s first mixed with the second fluid, which is introduced into the main body
through the second inflow port, to produce a primary mixed gas and

wherein the primary mixed gas is further mixed at a location downstream
of the mixing promotion body with the first fluid which flows the inside of the
mixing promotion body to produce a secondary mixed gas.

2. The fluid mixing device as claimed in claim 1, further comprising a
first tubing, which forms the main body, and a second tubing, which is fluid
connected with the first tubing so as to lie at right angle to the first tubing, the
second tubing operable to supply the second fluid therethrough to the second

inflow port.
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3. The fluid mixing device as claimed in claim 1 or 2, further
comprising a first tubing, which forms the main body, and a second tubing,
which is fluid connected with the first tubing, wherein at a joint between the first
tubing and the second tubing, an end edge of the second tubing 1s disposed in
flush with or radially outwardly of an inner peripheral surface of the first tubing.
4. The fluid mixing device as claimed in any one of claims 1 to 3, in which
the first fluid is of a temperature lower than the second fluid.

S. The fluid mixing device as claimed in any one of claims 1 to 4, in
which the main body has a downstream portion, the downstream portion of the
main body being defined by a flared body having its passage surface area that
increases in a downstream direction.

6. A heat exchange system in which the fluid mixing device as defined

in any one of claims 1 to 5 is disposed upstream of a heat exchanger.
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Fig. 7
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Fig. 12
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