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(54) DIAGONAL FLOW TURBINE

(57) An object is to provide a mixed flow turbine,
wherein intermediate blades having an intermediate
height are provided between main blades of the mixed
flow turbine, thus improving an impulse blade turbine
characteristic and reducing the moment of inertia for a
rotor blade as a whole, thereby improving the efficiency
and transient response. The mixed flow turbine includes:
a turbine rotor blade 11; a turbine housing 3; a scroll
partition wall 17 dividing a scroll chamber 13; a shroud-
side inflow passageway 35 formed on the side of a
shroud-side partition wall surface 25; and a hub-side in-
flow passageway 29 formed on the side of a hub-side

partition wall surface 23, wherein the rotor blade 11 in-
cludes: main blades 37 formed with a height spanning
the entire extent between a hub outer circumferential sur-
face 31 and the inner periphery surface of a shroud por-
tion 15; and intermediate blades 39 arranged in the cir-
cumferential direction between the main blades 37 and
arranged so as to extend from the inlet portion of the
main blades 37 to an intermediate portion and having an
intermediate height with respect to the height of the main
blades 37, wherein a fluid from the hub-side inflow pas-
sageway 29 flows in through front edges of the interme-
diate blades 39.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a mixed flow
turbine for use in a small gas turbine, a supercharger, an
expander, and the like.

BACKGROUND ART

[0002] With turbochargers required to have transient
response, there is a demand for "an improvement in ef-
ficiency" for converting the exhaust energy into an in-
crease in the suction pressure, and "an improvement in
rotational acceleration" for reducing the "so-called turbo
lag", a delay in the power increase of an engine with a
turbocharger.
[0003] Therefore, the efficiency of the compressor and
the turbine has been improved, and the moment of inertia
of the rotor has been reduced by reducing the size and
weight of the turbine wheel, thereby improving the re-
sponse of the turbo engine when accelerating.
[0004] Generally, in order to "improve the efficiency
aerodynamically", it is an effective approach, for exam-
ple, to increase the number of blades to reduce the blade
load, but it will increase the weight and increase the in-
ertial mass, on the other hand, thereby resulting in a prob-
lem of a "decrease in the rotational acceleration", and
therefore there has been a demand for an approach ca-
pable of realizing both of these contradicting effects.
[0005] The present applicant has proposed a tech-
nique of a mixed flow turbine shown in Patent Document
1 as one that suppresses the turbine efficiency decrease,
or one that suppresses the efficiency decrease in a mixed
flow turbine in particular.
[0006] Referring to FIG. 17, a mixed flow turbine dis-
closed in Patent Document 1 will be described.
[0007] Provided is a mixed flow turbine 201 including:
a hub 205 rotating about a central axis K; a plurality of
rotor blades 207 provided standing on a hub outer cir-
cumferential surface 206 with its front edge 247 protrud-
ing toward the upstream side; a casing 213 having a
shroud portion 227 covering a radial outer edge 225 of
the rotor blade 207; and a scroll 223, which is a space
formed on the upstream side of the rotor blade 207 for
supplying a fluid toward the front edge 247 of the rotor
blade 207, wherein the scroll 223 is divided by a scroll
partition wall 229 into a shroud-side space 231 and a
hub-side space 233.
[0008] Since a shroud-side partition wall surface 237
and a hub-side partition wall surface 235 on the rear edge
side of the scroll partition wall 229 are provided with a
shroud-side wall surface 243 and a hub-side wall surface
239 formed so as to oppose generally parallel thereto,
respectively, there are formed, between respective wall
surfaces, a shroud-side inflow passageway 245 where
the fluid flows in a generally radial direction and a hub-
side inflow passageway 241 where the fluid flows in a

direction generally equal to the inclination direction on
the hub side of the blade inlet.
[0009] Since the fluid supplied through this shroud-
side inflow passageway 245 flows in a generally radial
direction, the fluid flows in so as to be parallel to the
shroud-side wall surface 243 and generally orthogonal
to the inlet-side edge of the rotor blade. Therefore, at the
shroud-side blade front edge of the mixed flow turbine
rotor blade inlet, the flow can be guided into the rotor
blade 207 at an appropriate flow angle.
[0010] Since the fluid supplied through the hub-side
inflow passageway 241 is flowing in a direction generally
equal to the inclination direction of the hub outer circum-
ferential surface 206 of the mixed flow turbine rotor blade
inlet, the fluid flows in so as to be parallel to the hub outer
circumferential surface 206 and generally orthogonal to
the blade front edge of the rotor blade. Therefore, at the
hub-side blade front edge of the mixed flow turbine rotor
blade inlet, the flow can be guided into the rotor blade
207 at an appropriate flow angle.
[0011] Since the flow coming from the hub-side inflow
passageway 241 into the rotor blade 207 flows into the
rotor blade 207 with an angle generally equal to the in-
clination of the hub outer circumferential surface 206, the
flow through the shroud-side inflow passageway 245,
which comes from the shroud-side inflow passageway
245 into the rotor blade 207 in a generally radial direction
and is turned to the axial direction toward the rotor blade
outlet, can be smoothly turned from the radial direction
to the axial direction, thereby making it possible to pre-
vent an increase in the wall surface boundary layer oc-
curring in the shroud portion.
[0012] On the other hand, the fluid flows in a generally
radial direction in the shroud-side inflow passageway
245, whereas the fluid flows in a direction generally equal
to the hub-side inclination direction of the mixed flow tur-
bine rotor blade inlet in the hub-side inflow passageway
241, and the fluids having passed through the inflow pas-
sageways flow into the inlet-side edge of the mixed flow
turbine rotor blade while being orthogonal to each other.
[0013] Therefore, the fluids flowing in the shroud-side
inflow passageway 245 and the hub-side inflow passage-
way 241 merge together at the rear edge of the scroll
partition wall 229. Thus, it is possible to suppress the
development of a wake occurring at the rear edge of the
scroll partition wall 229.
[0014] Note that the mixed flow turbine having a turbine
rotor blade with its front edge protruding toward the up-
stream side of Patent Document 1 is also disclosed in
Patent Document 2.

Patent Document 1: Japanese Patent Application
Laid-open No. 2009-281197
Patent Document 2: Japanese Patent No. 4288051

DISCLOSURE OF THE INVENTION

[0015] FIG. 18 shows velocity triangles at representa-
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tive radii for the shroud-side inlet and the hub-side inlet
of the rotor blade 207 flowing in from the shroud-side
inflow passageway 245 and the hub-side inflow passage-
way 241.
[0016] The flow coming in from the shroud-side inflow
passageway 245 flows into the rotor blade 207 at the flow
velocity A at a flow angle α of about 20 to 30 degrees.
The circumferential velocity C is a velocity that substan-
tially coincides with the circumferential swirl velocity of
the rotor blade 207, and the radial velocity, which is the
relative flow velocity B, is a velocity representative of the
flow rate.
[0017] The flow coming in from the shroud-side inflow
passageway 245 does work on the rotor blade 207 as
the radius varies inside the rotor blade 207, and flows
out toward the discharge port while the circumferential
velocity lowers and the pressure lowers.
[0018] On the other hand, the flow coming in from the
hub-side inflow passageway 241 flows into the hub-side
inlet at a flow velocity A’ greater than the shroud-side
inlet since the radius of the hub-side inlet P2 is smaller
than the radius of the shroud-side inlet P1, and the flow
coming from the shroud-side inlet flows into an area of a
small radius and flows into a position where the pressure
has decreased.
[0019] Since the radius of the hub-side inlet is smaller
than the radius of the shroud-side inlet, and the swirl ve-
locity of the rotor blade front edge decreases in proportion
to the radium ratio to be equal to a circumferential velocity
C’, the hub-side inlet flows into the rotor blade 207 at a
relative flow velocity B’ greater than the relative flow ve-
locity B of the shroud-side inlet.
[0020] Therefore, the flow coming in from the hub-side
inlet has a higher flow velocity than the flow coming in
from the shroud-side inlet, and the degree of reaction,
which is a value representing the proportion of the
amount of energy released inside the rotor blade 207 of
all the energy released from the flow when passing
through the turbine, is smaller for the hub-side flow.
[0021] That is, the shroud-side flow has a high degree
of reaction, and the flow velocity inside the rotor blade
can be reduced and the friction loss can be reduced,
thereby providing a so-called "reaction turbine" charac-
teristic, which realizes a high-efficiency flow.
[0022] On the other hand, the hub-side flow has a small
degree of reaction and rotates the rotor blade 207 with
a force resulting from the change of direction of the mo-
mentum when the high-velocity flow is turned by the rotor
blade 207, and there is a large friction loss because the
flow is accelerated to a high velocity, and the efficiency
cannot be increased as high as that of the reaction blade,
but there is provided a so-called "impulse turbine" char-
acteristic where a power similar to that obtained by a
large-diameter reaction blade can be generated with a
small-diameter rotor blade.
[0023] In other words, a mixed flow turbine having such
a configuration where the rotor blade 207 receives flows
from the shroud-side inflow passageway 245 and the

hub-side inflow passageway 241 shown in FIG. 17 can
be said to be formed by hub-side impulse blades and
shroud-side reaction blades.
[0024] Thus, since the flow coming in from the shroud
side has a low inter-blade flow velocity, the friction loss
is low, and the conversion to the rotational power is done
by releasing the angular momentum as the radius varies;
therefore, the efficiency of the rotor blade 207 is high,
and at the rotor blade outlet where turning to the axial
direction has been done, the swirl velocity is converted
to a rotational power through the pressure change and
by turning the flow direction.
[0025] On the other hand, with the hub-side impulse
blade, the flow comes into the rotor blade 207 at a high
velocity, and the swirl velocity of the flow is converted to
a rotational power by turning the flow direction while
maintaining the velocity at a high velocity; therefore, the
incidence needs to be small, and a sufficient number of
blades is needed for turning the direction of the high-
velocity flow.
[0026] Thus, conventional mixed flow turbines have a
problem in that the number of blades is small, and the
high-velocity flow cannot be turned efficiently.
[0027] With the foregoing technical problems of con-
ventional mixed flow turbines in view, it is an object of
the present invention to provide a mixed flow turbine
formed by a hub-side impulse blade portion and a shroud-
side reaction blade portion, in which an intermediate
blade having an intermediate height is provided in the
hub-side portion having an impulse blade turbine char-
acteristic so as to improve the impulse blade turbine char-
acteristic and reduce the moment of inertia for the rotor
blades as a whole, thereby improving the efficiency and
improving the transient response.
[0028] In order to achieve such an object, the present
invention provides a mixed flow turbine including: a tur-
bine rotor blade having a front edge, through which a
fluid flows in, the front edge being shaped so that a middle
portion thereof between a hub side and a shroud side is
formed so as to protrude toward an upstream side past
a line extending between the hub side and the shroud
side; a turbine housing formed to cover the turbine rotor
blade and including a scroll portion for supplying the fluid
toward the front edge of the rotor blade; a scroll partition
wall dividing the scroll portion into a shroud-side space
and a hub-side space; a shroud-side inflow passageway
formed between a shroud-side partition wall surface on
an inner periphery side of the scroll partition wall and a
portion opposing the shroud-side partition wall surface,
the fluid flowing through the shroud-side inflow passage-
way in a generally radial direction to a shroud-side inlet
of the rotor blade; and a hub-side inflow passageway
formed between a hub-side partition wall surface on an
inner periphery side of the scroll partition wall and a por-
tion opposing the hub-side partition wall surface, the fluid
flowing through the hub-side inflow passageway in a di-
rection generally equal to an inclination direction of a hub
to a hub-side inlet of the rotor blade,
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the turbine rotor blade including: a plurality of main blades
formed to stand upright in a circumferential direction on
a hub outer circumferential surface, and having a height
spanning an entire extent between the hub outer circum-
ferential surface and an inner periphery surface of a
shroud portion; and intermediate blades arranged in the
circumferential direction between the main blades and
arranged so as to extend from an inlet portion of the main
blades to an intermediate portion, and having an inter-
mediate height with respect to the height of the main
blades, the fluid from the hub-side inflow passageway
being allowed to flow in through front edges of the inter-
mediate blades.
[0029] According to such an invention, the front edge,
through which the fluid flows in, is shaped so that the
middle portion thereof between the hub side and the
shroud side is formed so as to protrude toward the up-
stream side past a line (line m in FIG. 1) extending be-
tween the hub side and the shroud side, as shown in FIG.
1.
[0030] The mixed flow turbine having the shroud-side
inflow passageway and the hub-side inflow passageway
with the scroll partition wall can be said to be formed by
the impulse blade portion on the hub side and the reaction
blade portion on the shroud side, as described above;
therefore, if intermediate blades are arranged in the cir-
cumferential direction between main blades so that each
intermediate blade extends from the inlet portion of the
main blade to an intermediate portion with an intermedi-
ate height with respect to the height of the main blades,
and the fluid from the hub-side inflow passageway is
made to flow in to the front edge of the intermediate
blades, the number of blades in the impulse turbine char-
acteristic portion on the hub side can be increased with-
out increasing the number of reaction blades having a
large radius.
[0031] Therefore, for the problem that a high-velocity
flow cannot be efficiently converted to a torque with a
conventional mixed flow turbine since the number of
blades is small, it is possible with the present invention
to improve the efficiency and the transient response of a
mixed flow turbine, without increasing the moment of in-
ertia of the turbine rotor blade, by generating an amount
of power per unit flow rate that is generally equal to the
reaction blade portion of a large radius by using the im-
pulse blade portion of a small radius, thus effectively uti-
lizing the so-called "impulse turbine" characteristic.
[0032] Preferably, in the present invention, the inter-
mediate blade is provided at least across an area, in a
meridional shape of the turbine rotor blade, where an
extension area of a passageway width of the hub-side
inflow passageway overlaps an extension area of the
shroud-side inflow passageway.
[0033] With such a configuration, if the intermediate
blade is present in the extension area of the passageway
width of the hub-side inflow passageway, in the meridi-
onal shape of the turbine rotor blade, it is possible to
efficiently receive the flow from the hub-side inflow pas-

sageway and to exert the so-called "impulse turbine"
characteristic. However, if the rear edge of the interme-
diate blade is provided to extend excessively on the
downstream side, the inter-blade passageway of the
main blade is narrowed, and the flow velocity is locally
increased or decreased, thereby increasing the passage-
way loss; therefore, it needs to be within such an extent
that the loss is not incurred. Accordingly, the rear edge
of an intermediate blade 39 can be provided so as to
extend to a substantially intermediate point of the entire
extent from the main blade front edge to the rear edge
where the flow from the shroud-side inflow passageway
can be received, thus suppressing the passageway loss
due to the intermediate blade.
[0034] Preferably, in the present invention, a plurality
of the intermediate blades are arranged in the circumfer-
ential direction between the main blades.
[0035] By arranging a plurality of intermediate blades
between the main blades as described above, it is pos-
sible to reduce the number of main blades while main-
taining the efficiency of the mixed flow turbine, and to
further reduce the moment of inertia of the turbine rotor
blade.
[0036] Where a plurality of intermediate blades are pro-
vided, the rear edge positions may be different from one
another.
[0037] Preferably, in the present invention, the front
edge of the intermediate blade coincides with a front edge
of the main blade, while a blade height of the front edge
is set to a position substantially equal to, or higher than,
a center line on a meridional plane that divides a flow
along the main blade into passageway areas of a flow
through a shroud-side passageway and a flow through
a hub-side passageway on the basis of a ratio between
the passageway width of the shroud-side inflow passage-
way and the passageway width of the hub-side inflow
passageway, and a blade height of a rear edge is set to
a position higher than the front edge.
[0038] If the front edge of the intermediate blade coin-
cides with the front edge of the main blade, while the
blade height of the front edge is set to a position sub-
stantially equal to, or higher than, the center line, as de-
scribed above, the load on the blade front edge in the
impulse blade portion on the hub side can be uniformly
received by individual blades (individual blades of the
main blades and the intermediate blades).
[0039] If the hub-side flow rate increases during accel-
eration as the blade height of the rear edge is provided
at a height higher than the blade height of the front edge,
the increase in the flow rate can be reliably received by
the intermediate blade, thereby effectively exerting the
impulse blade characteristic, thus improving the transient
response (see FIG. 4).
[0040] While the turbocharger is in normal operation,
a control is performed such that the flow rate of the shroud
side having a reaction blade characteristic increases, in
which case the angular momentum of the shroud-side
flow can be received by the rear edge portion of the in-
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termediate blade and converted to torque power. There-
fore, it is possible to obtain a high efficiency advantage
(see FIG. 5).
[0041] Therefore, even if the balance between the flow
rate on the shroud side and the flow rate on the hub side
is shifted, and the flow rate on the shroud side increases
or the flow rate on the hub side increases, the interme-
diate blade has a function as a reaction blade for con-
verting the angular momentum of the shroud-side flow
to power when the flow rate on the shroud side increases
whereas the intermediate blade has a function as an im-
pulse blade when the flow rate on the hub side increases,
thus functioning as a high-efficiency turbine in the former
case and as a turbine with a high rotational acceleration
in the latter case. Thus, it is possible to realize both the
effect of improving the transient response of the engine
and the high-efficiency operation during normal opera-
tion.
[0042] Preferably, in the present invention, a front edge
of the intermediate blade is provided at a position less
than a front edge radius of the main blade, and a blade
height of the intermediate blade across an entire extent
from upstream to downstream is maintained constantly
at a position at a substantially equal height to, or higher
than, a height of a center line on a meridional plane that
divides a flow along the main blade into passageway ar-
eas of a flow through a shroud-side passageway and a
flow through a hub-side passageway on the basis of a
ratio between the passageway width of the shroud-side
inflow passageway and the passageway width of the hub-
side inflow passageway.
[0043] As the front edge of the intermediate blade is
provided at a position less than the front edge radius of
the main blade, and moreover the height of the interme-
diate blade across the entire extent of the intermediate
blade from upstream to downstream is maintained con-
stantly at a position at a substantially equal height to, or
higher than, the height of the center line, as described
above; thus, by limiting the position of the front edge of
the intermediate blade and the blade height across its
entire extent, the size of the intermediate blade in the
radial direction can be decreased, and the moment of
inertia of the turbine rotor blade can be decreased.
[0044] Preferably, in the present invention, a front edge
of the intermediate blade is provided at a position less
than a front edge radius of the main blade, while a blade
height of the intermediate blade across an entire extent
from an upstream to downstream is set to a position high-
er than a center line on a meridional plane that divides a
flow along the main blade into passageway areas of a
flow through a shroud-side passageway and a flow
through a hub-side passageway on the basis of a ratio
between the passageway width of the shroud-side inflow
passageway and the passageway width of the hub-side
inflow passageway, and a blade height of a rear edge is
set to a position higher than the front edge.
[0045] Since the blade height of the rear edge of the
intermediate blade is provided at a position higher than

the front edge, as described above, even if the balance
between the flow rate on the shroud side and the flow
rate on the hub side is shifted, and the flow rate on the
shroud side increases or the flow rate on the hub side
increases, as described above, the intermediate blade
has a function as a reaction blade for converting the an-
gular momentum of the shroud-side flow to power when
the flow rate on the shroud side increases whereas the
intermediate blade has a function as an impulse blade
when the flow rate on the hub side increases, thus func-
tioning as a high-efficiency turbine in the former case and
as a turbine with a high rotational acceleration in the latter
case. Thus, it is possible to realize both the effect of im-
proving the transient response of the engine and the high-
efficiency operation during normal operation.
[0046] Moreover, since the front edge of the interme-
diate blade is provided at a position less than the front
edge radius of the main blade, the size of the intermediate
blade in the radial direction can be decreased, and a
reduction in the moment of inertia of the turbine rotor
blade can be further achieved.
[0047] Moreover, preferably, in the present invention,
a radius of the front edge of the intermediate blade is set
to a radius substantially equal to a radius at which the
intermediate blade is attached to the hub, in which case
it is possible to further reduce the moment of inertia of
the turbine rotor blade.
[0048] Since the front edge radius of the intermediate
blade is set to a radius substantially equal to the radius
at which the intermediate blade is attached to the hub,
there is also an advantage of stabilizing the fixing of the
intermediate blade to the hub outer surface.
[0049] Preferably, in the present invention, the front
edge of the intermediate blade coincides with a front edge
of the main blade, and a blade height of the intermediate
blade gradually decreases toward a rear edge.
[0050] With such a configuration, the function of the
impulse blade on the hub side can be primarily provided
by the front edge side of the intermediate blade, thereby
reducing the passageway resistance in areas down-
stream of the intermediate blade, and contributing to the
reduction of the moment of inertia.
[0051] Preferably, in the present invention, a blade tip
of the intermediate blade is formed to have an arc-shaped
cross section.
[0052] FIG. 11 is a cross-sectional view taken along I-
I of FIG. 3, and the streamline R of the shroud-side flow
of the fluid flowing into the main blade flows so as to cross
the blade tip of the intermediate blade as shown in FIG.
11.
[0053] Therefore, the blade tip of the intermediate
blade needs to have a function as a blade front edge,
and by forming the blade tip of the intermediate blade so
as to have an arc-shaped cross section, it is possible to
prevent the flow crossing the tip of the intermediate blade
from delaminating at the suction surface of the interme-
diate blade, thereby increasing the loss.
[0054] Preferably, in the present invention, a fblade
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front edge wedge angle, which is formed between a pres-
sure surface and a suction surface of front edges of the
main blade and intermediate blade, is set to an angle
corresponding to a change in an inflow angle of the fluid
to the front edge, which changes following a pressure
oscillation of the fluid, and setting is also implemented
such that an inflow direction to the front edge when the
pressure oscillation increases toward a high-pressure
side generally coincides with a tangential direction of the
suction surface or is oriented further toward a pressure
surface side than the tangential direction.
[0055] As shown in FIG. 13, when the engine is
equipped with a turbocharger, the pressure of the ex-
haust gas flowing into the turbine inlet varies depending
on the number of cylinders of the reciprocating engine or
the degree of acceleration. When this pressure oscillation
occurs, a change in the absolute flow velocity that is
equivalent to the change in the pressure oscillation oc-
curs in a hub-side impulse turbine portion, and as a result,
the inflow angle to the rotor blade often varies.
[0056] Therefore, as shown in FIG. 14, as the front
edge opening angle between the front edge portions of
the main blade and the intermediate blade is set to an
angle corresponding to a change in an inflow angle of
the fluid to the front edge, which changes following a
pressure oscillation of the fluid, it is possible to prevent
an increase in the loss of flow, in the front edge portion
of the intermediate blade and the main blade, following
a pressure oscillation of the fluid, and to increase the
efficiency.
[0057] Moreover, since the setting is such that the in-
flow direction to the front edge when the pressure oscil-
lation increases toward a high-pressure side generally
coincides with a tangential direction of the suction surface
or is oriented toward the pressure surface side, it is pos-
sible to prevent the delamination of the flow at the suction
surface, and to reduce the loss of flow in the impulse
blade portion following a pressure oscillation of the fluid,
thereby increasing the efficiency.
[0058] Preferably, in the present invention, the cross-
sectional profile of a front edge portion of the main blade
in a normal cross section to a rotaing shaft is formed by
curving the front edge portion of the main blade in a di-
rection of rotation to have a shape to protrude in an op-
posite direction to the direction of rotation.
[0059] As shown in FIG. 15, the circumferential velocity
U decreases corresponding to the radius of rotation, and
the swirl velocity Vc, which is the circumferential direction
component of the absolute flow velocity V, increases as
the radius decreases because it flows radially inward
while satisfying the relationship of a free vortex; as a re-
sult, the flow is implemented at the relative flow velocity
W so as to hit the blade from the direction of rotation near
the blade front edge of the main blade (see FIG. 15).
Once the fluid goes inside of the blade front edge, the
relative flow velocity W moves toward the blade while
changing its direction toward the direction of rotation.
Therefore, the blade load increases.

[0060] Thus, in the blade front edge portion, if the cent-
er line of the blade front edge is curved in the direction
of rotation so as to protrude in the opposite direction to
the direction of rotation, once it goes inside of the blade
front edge, the flow moving toward the blade while the
relative flow velocity W changes its direction toward the
direction of rotation does not flow in to hit the blade but
flows along the blade; therefore, it is possible to reduce
the collision loss at the blade front edge and reduce the
blade load.
[0061] Thus, it is possible to accommodate the prob-
lem in which the load on the blade front edge of the main
blade increases which occurs as the number of main
blades is reduced.
[0062] Preferably, in the present invention, it includes,
in the hub-side inflow passageway, a nozzle formed by
a blade surface parallel to a central axis, and a guide
plate arranged on a downstream side of the nozzle so
that a rear edge opposes the front edge of the rotor blade.
[0063] With such a configuration, the flow of the fluid
flowing through the hub-side inflow passageway into the
intermediate blade front edge accelerates or becomes
an ideal swirl flow, and it is therefore possible to increase
the velocity of the inflow to a portion of the rotor blade
having a so-called "impulse turbine" characteristic, there-
by improving the transient response.
[0064] According to the present invention, there is pro-
vided a mixed flow turbine, wherein a front edge, through
which a fluid flows in, is shaped so that a middle portion
thereof between a hub side and a shroud side is formed
so as to protrude toward an upstream side past a line
extending between the hub side and the shroud side, and
a shroud-side inflow passageway and a hub-side inflow
passageway are formed by a scroll partition wall; inter-
mediate blades having an intermediate height are pro-
vided between main blades in a hub-side portion of a
turbine rotor blade exerting an impulse blade turbine
characteristic, thus improving the impulse blade turbine
characteristic and reducing the moment of inertia for the
rotor blade as a whole, thereby improving the efficiency
and improving the transient response.

BRIEF DESCRIPTION OF THE DRAWINGS

[0065]

FIG. 1 is a cross-sectional view of an important part
of a mixed flow turbine according to a first embodi-
ment of the present invention;
FIG. 2 is a perspective view illustrating a turbine rotor
blade of a mixed flow turbine according to the first
embodiment;
FIG. 3 shows a meridional shape of a mixed flow
turbine according to a second embodiment;
FIG. 4 is a diagram illustrating a case where the flow
rate through the hub-side passageway has in-
creased according to the second embodiment;
FIG. 5 is a diagram illustrating a case where the flow
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rate through the shroud-side passageway has in-
creased according to the second embodiment;
FIG. 6 shows a meridional shape of a mixed flow
turbine according to a third embodiment;
FIG. 7 shows a meridional shape of a mixed flow
turbine according to a fourth embodiment;
FIG. 8 shows a variation of an intermediate blade of
the fourth embodiment;
FIG. 9 is a diagram illustrating a change in the flow
rate through the hub-side passageway and the
shroud-side passageway according to the fourth em-
bodiment;
FIG. 10 shows a meridional shape of a mixed flow
turbine according to a fifth embodiment;
FIG. 11 is a cross-sectional view taken along I-I of
FIG. 3 showing a mixed flow turbine according to a
sixth embodiment;
FIG. 12 is a cylindrical development view of a rotor
blade shape illustrating a seventh embodiment;
FIG. 13 is a diagram illustrating a pressure fluctua-
tion characteristic at the turbine inlet regarding the
seventh embodiment;
FIG. 14 is a diagram illustrating a fblade front edge
wedge angle of an intermediate blade of the seventh
embodiment;
FIG. 15 is a diagram illustrating the shape of a main
blade front edge portion and velocity triangles ac-
cording to an eighth embodiment;
FIG. 16A is a cross-sectional view of an important
part of a mixed flow turbine showing a ninth embod-
iment;
FIG. 16B is a diagram illustrating a blade-shaped
nozzle and a guide plate of the ninth embodiment;
FIG. 17 shows a meridional shape of a conventional
mixed flow turbine; and
FIG. 18 shows a perspective shape of a turbine
wheel and velocity triangles of a conventional mixed
flow turbine.

BEST MODE FOR CARRYING OUT THE INVENTION

[0066] Embodiments of the present invention will now
be described in detail with reference to the drawings.
Note that unless specifically stated otherwise, the dimen-
sions, materials, shapes, relative arrangements of the
components described in the following embodiments are
merely illustrative and are not intended to limit the scope
of this invention thereto.

(First Embodiment)

[0067] A first embodiment of the present invention will
now be described with reference to FIGS. 1 and 2.
[0068] A mixed flow turbine 1 of the present invention
will be described in examples for use in superchargers
(turbochargers) of vehicle engines.
[0069] In FIG. 1, the mixed flow turbine 1 includes a
turbine housing 3, and a turbine wheel 5 rotatably sup-

ported and accommodated in the turbine housing 3. The
turbine wheel 5 includes a rotating shaft 7, a hub 9 integral
or welded with the rotating shaft 7, a turbine rotor blade
(rotor blade) 11 provided standing on the outer circum-
ferential surface of the hub 9, wherein a snail-shaped
scroll chamber (scroll portion) 13 formed in the turbine
housing 3 creates a swirl flow having a velocity around
the central axis K of the rotating shaft 7, and the swirl
flow swirls on the outer circumferential side of the turbine
wheel 5.
[0070] The rotating shaft 7 is supported in a bearing
housing with a bearing (not shown). The turbine wheel 5
is attached at one end of the rotating shaft 7, with the
rotating shaft of the turbocompressor connected at the
other end, and the turbocompressor is rotated via the
rotating shaft 7 which is rotated by the exhaust gas (fluid)
from the engine via the turbine wheel 5, thereby com-
pressing and supplying the intake air to the engine.
[0071] A shroud portion 15 covering a radial outer edge
14 of the rotor blade 11 is formed on the outer circum-
ferential side of the turbine wheel 5 of the turbine housing
3.
[0072] A scroll partition wall 17 projecting in the radial
direction from the outer side toward the inner side is pro-
vided inside the turbine housing 3. The scroll chamber
13 is divided by the scroll partition wall 17 into a shroud-
side space 19 and a hub-side space 21.
[0073] The hub side of the inner periphery side of the
scroll partition wall 17 forms a hub-side partition wall sur-
face 23 that is inclined so as to be tapered toward the
shroud side. The shroud side of the inner periphery side
of the scroll partition wall 17 forms a shroud-side partition
wall surface 25 extending in a generally radial direction.
[0074] A hub-side wall surface 27 which is a hub-side
member opposing the hub-side partition wall surface 23
on the hub side of the turbine housing 3 is formed so as
to be generally parallel to the hub-side partition wall sur-
face 23, and a hub-side inflow passageway 29 is formed
between the hub-side wall surface 27 and the hub-side
partition wall surface 23.
[0075] The hub-side inflow passageway 29 has an in-
clination direction generally equal to the inclination direc-
tion of the upstream end of a hub outer circumferential
surface 31 of the hub 9.
[0076] A shroud-side wall surface 33 opposing the
shroud-side partition wall surface 25 on the shroud side
of the turbine housing 3 is formed so as to be generally
parallel to the shroud-side partition wall surface 25, and
a shroud-side inflow passageway 35 is formed between
the shroud-side wall surface 33 and the shroud-side par-
tition wall surface 25.
[0077] Since the shroud-side partition wall surface 25
extends in a generally radial direction, the shroud-side
inflow passageway 35 extends in a generally radial di-
rection.
[0078] The rotor blade 11 is a plate-shaped member,
and is provided standing on the hub outer circumferential
surface 31 so that the surface portion thereof extends in
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the axial direction. As shown in FIG. 2, the rotor blade
11 includes: a plurality of main blades 37 arranged in the
circumferential direction standing on the hub outer cir-
cumferential surface 31 with a height spanning the entire
extent between the hub outer circumferential surface 31
and the inner periphery surface of the shroud portion 15;
and intermediate blades 39 arranged in the circumferen-
tial direction between adjacent main blades 37 and ar-
ranged so as to extend from the inlet portion of the main
blades 37 to an intermediate portion with an intermediate
height with respect to the height of the main blades 37.
[0079] The intersection between a front edge 41 of the
main blade 37 and the radial outer edge 14 is located on
the outer side in the radial direction with respect to the
intersection between the hub 9 and the front edge 41.
[0080] The main blade 37 includes the front edge 41
located on the upstream side in the flow direction of the
exhaust gas. The front edge 41 is formed by a curved
line that is smoothly bulging in a protruding shape across
its entire extent toward the upstream side as shown in
FIG. 1.
[0081] That is, the front edge 41, through which the
fluid flows in, is shaped so that the middle portion thereof
between the hub side and the shroud side is formed so
as to protrude toward the upstream side past a line m
extending between the hub side and the shroud side.
[0082] The shroud-side portion of the front edge 41 is
shaped so as to extend along generally the same radial
position, i.e., generally orthogonal to the radial direction.
The shroud-side portion of the front edge 41 forms a
shroud-side inlet 43, and a hub-side portion thereof forms
a hub-side inlet 45. The shroud-side inlet 43 has a center
radius Ra, and the hub-side inlet 45 has a center radius
Rb.
[0083] As shown in FIG. 1, the intermediate blade 39
is provided at least across an area, in the meridional
shape, where the extension area of the passageway
width of the hub-side inflow passageway 29 overlaps the
extension area of the shroud-side inflow passageway 35.
In the present embodiment, it is formed substantially
across the entirety of the overlapping area.
[0084] That is, the front edge of the intermediate blade
39 coincides with the shape of the front edge of the main
blade 37, the intermediate blade height h2 is equal to the
passageway width of the hub-side inflow passageway
29, and is an intermediate height with respect to the blade
height h1 of the main blade 37. The rear edge of the
intermediate blade 39 is formed to substantially coincide
with, or to be slightly longer than, the rear edge portion
of the extension area of the shroud-side inflow passage-
way 35.
[0085] With the presence of the intermediate blade 39
in the extension area of the passageway width of the hub-
side inflow passageway 29, it is possible to efficiently
receive the flow from the hub-side inflow passageway 29
and to exert the so-called "impulse turbine" characteris-
tic. However, if the rear edge of the intermediate blade
39 is provided to extend excessively on the downstream

side, the flow velocity is locally increased or decreased,
and the inter-blade passageway between the main
blades 37 is narrowed, thereby increasing the passage-
way loss; therefore, it needs to be within such an extent
that the loss is not incurred. Accordingly, the rear edge
of the intermediate blade 39 is provided so as to extend
to a substantially intermediate point of the entire extent
from the main blade front edge to the rear edge where
the flow from the shroud-side inflow passageway 35 can
be received, thus suppressing the passageway loss due
to the intermediate blade 39.
[0086] By shaping the intermediate blades 39 as de-
scribed above, the number of blades in the hub-side im-
pulse turbine characteristic portion can be increased
without increasing the number of reaction blades having
a large radius. This makes it possible to effectively utilize
the hub-side portion having a so-called "impulse turbine"
characteristic.
[0087] Therefore, for the problem that a high-velocity
flow cannot be efficiently converted to a torque with a
conventional mixed flow turbine since the number of
blades is small, it is possible to improve the efficiency
and the transient response of a mixed flow turbine by
suppressing the increase in the moment of inertia of the
turbine rotor blade by, for example, increasing the inter-
mediate blades without increasing the number of main
blades, or decreasing the number of main blades and
increasing the number of intermediate blades.
[0088] While the hub-side impulse turbine character-
istic and the shroud-side reaction turbine characteristic
have already been described based on FIG. 17 and FIG.
18, they will be described again based on the configura-
tion of FIG. 1 with reference to the velocity triangle of
FIG. 18.
[0089] In FIG. 1, the flow coming in from the shroud-
side inflow passageway 35 flows into the rotor blade 11
at the flow velocity A with a flow angle α shown in FIG.
18 being about 20 to 30 degrees. The circumferential
velocity C is a velocity that substantially coincides with
the circumferential swirl velocity of the rotor blade 11,
and the radial velocity, which is the relative flow velocity
B, is a velocity representative of the flow rate.
[0090] The flow coming in from the shroud-side inflow
passageway 35 does work on the rotor blade 11 as the
radius varies inside the rotor blade 11, and flows out to-
ward the discharge port while the circumferential velocity
lowers and the pressure lowers.
[0091] On the other hand, the flow coming in from the
hub-side inflow passageway 29 flows into the hub-side
inlet 45 at a flow velocity A’ greater than the shroud-side
inlet 43 since the radius Rb of the hub-side inlet 45 is
smaller than the radius Ra of the shroud-side inlet 43,
and the flow coming from the shroud-side inlet flows into
an area of a small radius and flows into a position where
the pressure has decreased.
[0092] Since the radius Rb of the hub-side inlet 45 is
smaller than the radius Ra of the shroud-side inlet 43,
and the swirl velocity of the rotor blade front edge de-
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creases in proportion to the radium ratio to be equal to a
circumferential velocity C’, the flow in the hub-side inlet
45 flows into the rotor blade 11 at a relative flow velocity
B’ greater than the relative flow velocity B of the shroud-
side inlet 43 of the turbine rotor blade 11.
[0093] Therefore, the flow coming in from the hub-side
inlet 45 has a higher flow velocity than the flow coming
in from the shroud-side inlet 43, and the degree of reac-
tion, which is a value representing the proportion of the
amount of energy released inside the rotor blade 11 of
all the energy released from the flow when passing
through the turbine, is smaller for the hub-side flow.
[0094] That is, the shroud-side flow has a high degree
of reaction, and the flow velocity inside the rotor blade
can be reduced and the friction loss can be reduced,
thereby providing a so-called "reaction turbine" charac-
teristic, which realizes a high-efficiency flow.
[0095] On the other hand, the hub-side flow has a small
degree of reaction and rotates the rotor blade 11 with a
force resulting from the change of direction of the mo-
mentum when the high-velocity flow is turned by the rotor
blade 11, and there is a large friction loss because the
flow is accelerated to a high velocity, and the efficiency
cannot be increased as high as that of the reaction blade,
but there is provided a so-called "impulse turbine" char-
acteristic where a power similar to that obtained by a
large reaction blade can be generated with a small-di-
ameter rotor blade.
[0096] Note that while an example where one interme-
diate blade 39 is provided between main blades 37 is
illustrated as shown in FIG. 2, a plurality of intermediate
blades 39 may be arranged in the circumferential direc-
tion. Where a plurality of intermediate blades 39 are pro-
vided, the rear edge positions of the intermediate blades
39 may be different from one another. By providing a
plurality of intermediate blades 39 between main blades
37 as described above, it is possible to further reduce
the number of main blades 37 while maintaining the ef-
ficiency of the mixed flow turbine, and to further reduce
the moment of inertia of the turbine rotor blade 11.

(Second Embodiment)

[0097] Next, referring to FIG. 3 to FIG. 5, a second
embodiment will be described.
[0098] The second embodiment is a variation of the
meridional shape of the intermediate blade 39 of FIG. 1,
and an intermediate blade 47 of the second embodiment
is such that the height of the rear edge portion is higher
than the front edge portion.
[0099] The line N of FIG. 3 denotes a center line on
the meridional plane that divides the flow along the main
blade 37 into passageway areas of the flow through the
shroud-side passageway and the flow through the hub-
side passageway based on the ratio between the pas-
sageway width of the shroud-side inflow passageway 35
and the passageway width of the hub-side inflow pas-
sageway 29.

[0100] The line P denotes the center line of the flow
through the shroud-side passageway, and the line Q de-
notes the center line of the flow through the hub-side
passageway.
[0101] Then, the front edge of the intermediate blade
47 coincides with the front edge 41 of the main blade 37,
while the blade height E of the front edge of the interme-
diate blade is set to a position substantially equal to the
height N1 of the center line N or slightly higher than the
center line N, and the blade height F of the rear edge of
the intermediate blade 47 is set to a position higher than
the front edge (E<F).
[0102] Thus, as the front edge of the intermediate
blade 47 coincides with the front edge of the main blade
37, while the blade height E of the front edge of the in-
termediate blade 47 is set to a position substantially equal
to or slightly higher than the height N1 of the center line
N, the load on the hub-side blade front edge portion ex-
erting the impulse blade characteristic can be received
equally by individual blades (individual blades of the main
blades 37 and the intermediate blades 47).
[0103] Since the blade height F of the rear edge is pro-
vided at a position higher than the blade height E of the
front edge (E<F), if the hub-side flow rate increases dur-
ing acceleration, and the center line P of the flow through
the shroud-side passageway and the center line Q of the
flow through the hub-side passageway are both shifted
toward the shroud side to be P1 and Q1, respectively,
the center line Q1 of the flow through the hub-side pas-
sageway can be reliably received by the intermediate
blade 47 (see FIG. 4), thus allowing the intermediate
blade 47 to function effectively as one with an impulse
blade characteristic, improving the transient response.
[0104] Moreover, while the turbocharger is in normal
operation, a control is performed such that the flow rate
of the shroud side having a reaction blade characteristic
increases, in which case the center line P of the flow
through the shroud-side passageway and the center line
Q of the flow through the hub-side passageway are both
shifted toward the hub side to be P2 and Q2, respectively,
but the shroud-side flow can be received by the rear edge
portion of the intermediate blade 47, and the angular mo-
mentum can be converted to torque power (see FIG. 5).
Therefore, it is possible to allow the intermediate blade
47 to function as one with a reaction blade characteristic
to thereby obtain a high efficiency advantage.
[0105] That is, even if the balance between the flow
rate on the shroud side and the flow rate on the hub side
is shifted, and the flow rate on the shroud side increases
or the flow rate on the hub side increases, the interme-
diate blade 47 has a function as a reaction blade for con-
verting the flow angle momentum on the shroud side to
power when the flow rate on the shroud side increases
whereas the intermediate blade 47 has a function as an
impulse blade when the flow rate on the hub side increas-
es, thus functioning as a high-efficiency turbine in the
former case and as a turbine with a high rotational ac-
celeration in the latter case. Thus, it is possible to realize
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both the effect of improving the transient response of the
engine and the high-efficiency operation during normal
operation.

(Third Embodiment)

[0106] Next, referring to FIG. 6, a third embodiment
will be described.
[0107] The third embodiment is a variation of the me-
ridional shape of the intermediate blade 39 of FIG. 1,
wherein the front edge of an intermediate blade 49 of the
third embodiment is provided at a position less than the
front edge radius of the main blade 37, and the blade
height G1 of the intermediate blade 49 across the entire
extent from upstream to downstream is maintained con-
stantly at a substantially equal height to the height N1 of
the center line denoted by the line N of FIG. 6 or at a
position slightly higher than the center line N.
[0108] As shown in FIG. 6, the front edge of the inter-
mediate blade 49 is set to a radius substantially equal to
the radius Rc at which the intermediate blade 49 is at-
tached to the hub 9, and the blade height G1 is set to a
height N1+d such that the center line N is included there-
in.
[0109] As in the first embodiment, the rear edge of the
intermediate blade 49 is formed so as to substantially
coincide with, or be slightly longer than, the rear edge
portion of the extension area of the shroud-side inflow
passageway 35.
[0110] According to the present embodiment, the front
edge of the intermediate blade 49 is provided at a position
less than the front edge radius of the main blade 37, and
moreover the height G1 of the intermediate blade 49 is
maintained constantly from upstream to downstream at
a position slightly higher than the height of the center line
N; thus, by limiting the position of the front edge of the
intermediate blade 49 and the blade height across its
entire extent, the size of the intermediate blade 49 in the
radial direction can be made smaller than the intermedi-
ate blades 39 and 47 of the first and second embodi-
ments, and the moment of inertia of the rotor blade 11
can be decreased.
[0111] Since the front edge radius of the intermediate
blade 49 is set to a radius substantially equal to the radius
Rc at which the intermediate blade 49 is attached to the
hub 9, the fixing of the intermediate blade 49 to the hub
outer circumferential surface 31 is stabilized.

(Fourth Embodiment)

[0112] Next, referring to FIGS. 7 to 9, a fourth embod-
iment will be described.
[0113] An intermediate blade 51 of the fourth embod-
iment is a variation to the blade height of the intermediate
blade 49 of the third embodiment, wherein the rear edge
is provided at a higher position than the front edge.
[0114] As shown in FIG. 7, the front edge of the inter-
mediate blade 51 is set to a radius substantially equal to

the radius Rc at which the intermediate blade 51 is at-
tached to the hub 9, and the blade height G2 is set to a
height N1+d such that the center line N is included there-
in.
[0115] As in the first embodiment, the rear edge of the
intermediate blade 51 is formed so as to substantially
coincide with, or be slightly longer than, the rear edge
portion of the extension area of the shroud-side inflow
passageway 35. The blade height G3 of the rear edge is
set to be higher than the front edge.
[0116] Note that FIGS. 8 and 9 show a variation of FIG.
7, showing a case where the front edge of FIG. 7 extends
constantly at the radius Rc so as to coincide with the rear
edge. There is no intermediate portion between the front
edge and the rear edge of this intermediate blade 53,
and the intermediate blade 53 is shaped in a substantially
triangular shape where the front edge and the rear edge
intersect with each other.
[0117] Since the blade height G3 of the rear edge is
provided at a position higher than the blade height G2 of
the front edge (G2<G3), as shown in FIGS. 7 to 9, if the
hub-side flow rate increases during acceleration, and the
center line P of the flow through the shroud-side pas-
sageway and the center line Q of flow through the hub-
side passageway are both shifted toward the shroud side
to be P1 and Q1, respectively, the center line Q1 of the
flow through the hub-side passageway can be reliably
received by the intermediate blades 51 and 53 (see FIG.
8), thus allowing the intermediate blades 51 and 53 to
function effectively as one with an impulse blade char-
acteristic, improving the transient response.
[0118] Moreover, while the turbocharger is in normal
operation, a control is performed such that the flow rate
of the shroud side having a reaction blade characteristic
increases, in which case the center line P of the flow
through the shroud-side passageway and the center line
Q of the flow through the hub-side passageway are both
shifted toward the hub side to be P2 and Q2, respectively,
but the shroud-side flow can be received by the rear edge
portion of the intermediate blades 51 and 53, and the
angular momentum can be converted to torque power
(see FIG. 9). Therefore, it is possible to allow the inter-
mediate blades 51 and 53 to function as one with a re-
action blade characteristic to thereby obtain a high effi-
ciency advantage.
[0119] That is, as in the second embodiment, it is pos-
sible to accommodate changes in the balance between
the shroud-side flow rate and the hub-side flow rate, and
since the radius is smaller as compared with the second
embodiment, it is possible to reduce the moment of inertia
of the intermediate blades 51 and 53, thus allowing for a
further reduction of the moment of inertia of the rotor
blade 11.

(Fifth Embodiment)

[0120] Next, referring to FIG. 10, a fifth embodiment
will be described.
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[0121] An intermediate blade 55 of the fifth embodi-
ment has a front edge that coincides with the front edge
of the main blade 37, with the blade height gradually de-
creasing toward the rear edge.
[0122] As shown in FIG. 10, the front edge of the in-
termediate blade 55 coincides with the shape of the front
edge of the main blade 37, and the front edge height G2
of the intermediate blade 55 is set to a position at a sub-
stantially equal height to the height N1 of the center line
denoted by the line N of FIG. 10 or slightly higher than
the center line N, whereas the rear edge of the interme-
diate blade 55 is formed so as to substantially coincide
with the rear edge portion of the extension area of the
shroud-side inflow passageway 35 so that the blade
height gradually decreases from the front edge toward
the rear edge.
[0123] According to the present embodiment, the func-
tion of the impulse blade on the hub side is primarily pro-
vided by the front edge side of the intermediate blade,
thereby reducing the passageway resistance in areas
downstream of the intermediate blade, and contributing
to the reduction of the moment of inertia.

(Sixth Embodiment)

[0124] Next, referring to FIG. 11, a sixth embodiment
will be described.
[0125] The sixth embodiment is where the front edge
of the main blade 37 and the blade tip of the intermediate
blade 39 (47, 49, 51, 53, 55) are shaped so as to have
an arc-shaped cross section.
[0126] FIG. 11 shows a cross-sectional view taken
along line I-I of FIG. 3, where the front edge of the main
blade 37 and the blade tip of the intermediate blade 39
are formed in an arc shape.
[0127] Since they are formed in an arc shape, the
streamline S of the shroud-side flow flows so as to cross
the blade tip of the intermediate blade 39 as shown in
FIG. 11. Therefore, the blade tip of the intermediate blade
39 needs to have a function as a blade front edge, and
by forming the blade tip of the intermediate blade 39, etc.,
so as to have an arc-shaped cross section, it is possible
to prevent the flow crossing the tip of the intermediate
blade 39, etc., from delaminating at the suction surface
of the intermediate blade, thereby increasing the loss.
[0128] The rear edge of the intermediate blade 39, etc.,
has a shape obtained by connecting a substantially linear
line, meaning the blade tip, to a line oriented in the radial
direction with a curve, and there is no clear structural
distinction between the blade tip and the rear edge; there-
fore, for the rear edge and a portion of the blade tip near
the rear edge, the radius of the arc shape of the blade
tip is desirably set to decrease downstream, and with
such a setting, it is possible to prevent a wake from oc-
curring at the rear edge and to contribute to preventing
the efficiency from lowering.

(Seventh Embodiment)

[0129] Next, referring to FIGS. 12 to 14, a seventh em-
bodiment will be described.
[0130] The seventh embodiment is directed to a cross
section of a blade front edge, where the fblade front edge
wedge angle, which is formed by the pressure surface
and the suction surface of the front edge of the main
blade 37 and the intermediate blade 39 of the first em-
bodiment, is set.
[0131] FIG. 12 is a development view obtained by pro-
jecting, onto a cylinder of a representative radius (e.g.,
the radius Rc at which the rotor blade 11 is attached to
the hub), the cross section of the main blades 37 and the
intermediate blades 39 of the rotor blade 11 of the first
embodiment taken along the hub outer circumferential
surface 31 or a representative hub-side flow streamline.
[0132] FIG. 14 shows an enlarged view of the blade
front edge portion of FIG. 12, where the fblade front edge
wedge angle θ, which is the angle formed between the
pressure surface Z1 and the suction surface Z2 of the
front edge of the main blade 37 and the front edge of the
intermediate blade 39, is set to an angle corresponding
to the change in the inflow angle of the exhaust gas to
the front edge, which changes following the pressure os-
cillation of the exhaust gas of the fluid.
[0133] That is, the fblade front edge wedge angle θ is
set to be the angle corresponding to the change in the
inflow angle of the then relative flow velocity between
when the turbine inlet pressure Ps increases and when
it decreases following the pressure oscillation of the ex-
haust gas of the fluid, as shown in the inlet velocity tri-
angle of the rotor blade 11.
[0134] As shown in FIG. 13, the turbine inlet pressure
Ps when the engine is equipped with a turbocharger var-
ies depending on the number of cylinders of the recipro-
cating engine or the degree of acceleration, and there is
pressure oscillation even during normal operation, gen-
erating a pressure oscillation of 610 to 15%.
[0135] When this pressure oscillation occurs, a change
in the absolute flow velocity that is equivalent to the
change in the pressure oscillation occurs in a hub-side
portion having an impulse turbine characteristic, and as
a result, the inflow angle β of the relative flow coming into
the rotor blade varies by about 30° to 40°.
[0136] Thus, the fblade front edge wedge angle θ is
set to be the angle corresponding to the variation in the
inflow angle of the relative flow velocity between when
the turbine inlet pressure Ps increases and when it de-
creases.
[0137] As shown in FIG. 14, the blade angle ω which
is the angle formed between the suction surface Z2 of
the front edge of the main blade 37 and the front edge
of the intermediate blade 39 and the circumferential di-
rection, is set to be generally equal to the inflow angle β
when the turbine inlet pressure Ps increases or smaller
than the inflow angle β.
[0138] By setting fblade front edge wedge angle θ to
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the angle corresponding to the variation in the inflow an-
gle of the relative flow velocity and by setting the suction
surface Z2 to be substantially equal to or smaller than
the flow angle when the pressure increases, it is possible
to prevent the delamination at the suction surface Z2,
and to reduce the loss of flow in the impulse blade portion
following a pressure oscillation.
[0139] Therefore, it is possible to prevent an increase
in loss following a variation of the inflow direction due to
a variation of the turbine inlet pressure in the impulse
blade portion.

(Eighth Embodiment)

[0140] Next, referring to FIG. 15, an eighth embodi-
ment will be described.
[0141] In the eighth embodiment, the front edge of the
main blade 37 of the second embodiment of FIG. 3 is
curved in the direction of rotation so as to be shaped to
protrude in the opposite direction to the direction of rota-
tion, in a cross section of the main blade 37 taken along
line I-I perpendicular to the rotating shaft.
[0142] As shown in FIG. 15, the circumferential velocity
U decreases corresponding to the radius of rotation, and
the swirl velocity Vc, which is the circumferential direction
component of the absolute flow velocity V, increases as
the radius decreases because it flows radially inward
while satisfying the relationship of a free vortex; as a re-
sult, the flow is implemented at the relative flow velocity
W so as to hit the blade from the direction of rotation near
the blade front edge of the main blade (see FIG. 15).
Once the fluid goes inside of the blade front edge, the
relative flow velocity W moves toward the blade while
changing its direction toward the direction of rotation,
thereby increasing the blade load.
[0143] Thus, if the center line of the blade front edge
is curved in the direction of rotation to form a curved por-
tion 61 shaped to protrude in the opposite direction to
the direction of rotation, once it goes inside of the blade
front edge, the flow moving toward the blade while the
relative flow velocity W changes its direction toward the
direction of rotation does not flow in to hit the blade but
flows along the blade; therefore, it is possible to reduce
the collision loss at the blade front edge and reduce the
blade load, and it is possible to prevent an increase in
the loss due to an increase in the load on the blade front
edge.
[0144] With respect to a case, as a reference, where
the sum of the blade area of the main blades 37 and the
blade area of the intermediate blades 39 is generally
equal to the blade area of a conventional technique where
there are only main blades 37, the blade area load can
be made generally equal by reducing the number of main
blades 37 for the increase of the intermediate blades 39;
similarly, if the number of main blades 37 is reduced as
compared with a conventional technique, it is possible to
reduce the moment of inertia as the number of main
blades having a large radius is reduced.

[0145] On the other hand, however, the decrease in
the number of main blades 37 increases the load on the
blade front edge of the main blade 37 from the flow com-
ing in from the shroud side, thereby increasing the loss
at the blade front edge; in the present embodiment, how-
ever, it is possible to prevent an increase in the loss due
to an increase in the load of the blade front edge as de-
scribed above.
[0146] Therefore, if the shape is such that the blade
height of the rear edge of the intermediate blade 47 of
the second embodiment is higher than the front edge, it
is possible to reduce the collision loss at the blade front
edge occurring due to a decrease in the number of main
blades during normal operation in which the shroud-side
flow increases. As a result, during normal operation and
also during acceleration, it is possible to realize both a
reduction in the moment of inertia and an increase in the
efficiency, and to further increase the efficiency as com-
pare with the second embodiment.

(Ninth Embodiment)

[0147] Next, referring to FIG. 16A and FIG. 16B, a ninth
embodiment will be described.
[0148] In the ninth embodiment, a blade-shaped noz-
zle 63 and a guide plate 65 are provided in the hub-side
inflow passageway 29. Otherwise, the configuration is
similar to the first embodiment.
[0149] As shown in FIG. 16A and FIG. 16B, the blade-
shaped nozzle 63 including a plurality of blades whose
blade surface is formed to be substantially parallel to the
central axis K is provided in the hub-side inflow passage-
way 29. The blades of the blade-shaped nozzle 63 are
attached with an inclination so as to have a predeter-
mined angle with respect to the circumference as shown
in FIG. 16B. A nozzle inlet 63a and a nozzle outlet 63b
of the blade-shaped nozzle 63 are each located at a fixed
circumference.
[0150] Moreover, the guide plate 65 is attached corre-
sponding to each blade on the downstream side of the
blade-shaped nozzle 63. The guide plate 65 has a loga-
rithmic spiral cross section, and is attached so as to be
generally an extension of the blade-shaped nozzle 63. A
downstream end 65a of the guide plate 65 extends close
to the front edge of the main blade 37 and the interme-
diate blade 39.
[0151] Since the blade-shaped nozzle 63 is provided
in the hub-side inflow passageway 29, it is possible to
increase the circumferential velocity of the flow through
the hub-side inflow passageway 29. Moreover, the flow
coming out of the blade-shaped nozzle 63 flows in ac-
cordance with the law of conservation of angular momen-
tum, and is guided by the guide plate 65 to the vicinity of
the front edge of the rotor blade. Since the guide plate
65 has a logarithmic spiral cross section, it can flow into
the rotor blade 11 as an ideal helical flow, and it is possible
to improve the efficiency of the mixed flow turbine. Par-
ticularly, since it is provided in the hub-side inflow pas-
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sageway 29, the flow of the exhaust gas flowing into the
front edge of the intermediate blade 39 accelerates or
becomes an ideal swirl flow, and it is therefore possible
to increase the velocity of the inflow to a portion of the
rotor blade 11 having a so-called "impulse turbine" char-
acteristic, thereby improving the transient response.
[0152] Note that it is understood that the sixth embod-
iment, the seventh embodiment, the eighth embodiment
and the ninth embodiment can be applied to main blades
and intermediate blades of other embodiments as well
as to those described above in the respective embodi-
ments.

INDUSTRIAL APPLICABILITY

[0153] According to the present invention, there is pro-
vided a mixed flow turbine, wherein a front edge, through
which a fluid flows in, is shaped so that a middle portion
thereof between a hub side and a shroud side is formed
so as to protrude toward an upstream side past a line
extending between the hub side and the shroud side, and
a shroud-side inflow passageway and a hub-side inflow
passageway are formed by a scroll partition wall; inter-
mediate blades having an intermediate height are pro-
vided between main blades in a hub-side portion of a
turbine rotor blade exerting an impulse blade turbine
characteristic, thus improving the impulse blade turbine
characteristic and reducing the moment of inertia for the
rotor blade as a whole, thereby improving the efficiency
and improving the transient response; therefore, it is use-
ful as a technique to be applied to mixed flow turbines
for use in small gas turbines, superchargers, expanders,
and the like.

EXPLANATION OF REFERENCE NUMERALS

[0154]

1 Mixed flow turbine
3 Turbine housing
5 Turbine wheel
7 Rotating shaft
9 Hub
11 Rotor blade (turbine rotor blade)
13 Scroll chamber (scroll portion)
15 Shroud portion
17 Scroll partition wall
19 Shroud-side space
21 Hub-side space
23 Hub-side partition wall surface
25 Shroud-side partition wall surface
29 Hub-side inflow passageway
31 Hub outer circumferential surface
35 Shroud-side inflow passageway
37 Main blade
39, 47, 49, 51, 53, 55 Intermediate blade
43 Shroud-side inlet
45 Hub-side inlet

h1 Blade height of main blade
h2 Blade height of intermediate blade
N Center line between shroud-side passageway and
hub-side passageway
E, G2 Blade height of front edge of intermediate
blade
F, G3 Blade height of rear edge of intermediate blade
K Central axis
P Center line of flow through shroud-side passage-
way
Q Center line of flow through hub-side passageway
G1 Blade height of intermediate blade

Claims

1. A mixed flow turbine comprising:

a turbine rotor blade having a front edge, through
which a fluid flows in, the front edge being
shaped so that a middle portion thereof between
a hub side and a shroud side is formed so as to
protrude toward an upstream side past a line
extending between the hub side and the shroud
side;
a turbine housing formed to cover the turbine
rotor blade and having a scroll portion for sup-
plying the fluid toward the front edge of the rotor
blade;
a scroll partition wall dividing the scroll portion
into a shroud-side space and a hub-side space;
a shroud-side inflow passageway formed be-
tween a shroud-side partition wall surface on an
inner periphery side of the scroll partition wall
and a portion opposing the shroud-side partition
wall surface, the fluid flowing through the
shroud-side inflow passageway in a generally
radial direction to a shroud-side inlet of the rotor
blade; and
a hub-side inflow passageway formed between
a hub-side partition wall surface on an inner pe-
riphery side of the scroll partition wall and a por-
tion opposing the hub-side partition wall surface,
the fluid flowing through the hub-side inflow pas-
sageway in a direction generally equal to an in-
clination direction of a hub to a hub-side inlet of
the rotor blade,
the rotor blade comprising:

a plurality of main blades formed to stand
upright in a circumferential direction on a
hub outer circumferential surface, and hav-
ing a height spanning an entire extent be-
tween the hub outer circumferential surface
and an inner periphery surface of a shroud
portion; and
intermediate blades arranged in the circum-
ferential direction between the main blades
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and arranged so as to extend from an inlet
portion of the main blades to an intermedi-
ate portion, and having an intermediate
height with respect to the height of the main
blades,

the fluid from the hub-side inflow passageway
being allowed to flow in through front edges of
the intermediate blades.

2. The mixed flow turbine according to claim 1, wherein
the intermediate blade is provided at least across an
area, in a meridional shape of the turbine rotor blade,
where an extension area of a passageway width of
the hub-side inflow passageway overlaps an exten-
sion area of the shroud-side inflow passageway.

3. The mixed flow turbine according to claim 1, wherein
a plurality of the intermediate blades are arranged
in the circumferential direction between the main
blades.

4. The mixed flow turbine according to claim 1, wherein
the front edge of the intermediate blade coincides
with a front edge of the main blade, while a blade
height of the front edge is set to a position substan-
tially equal to, or higher than, a center line on a me-
ridional plane that divides a flow along the main blade
into passageway areas of a flow through a shroud-
side passageway and a flow through a hub-side pas-
sageway on a basis of a ratio between the passage-
way width of the shroud-side inflow passageway and
the passageway width of the hub-side inflow pas-
sageway, and a blade height of a rear edge is set to
a position higher than the front edge.

5. The mixed flow turbine according to claim 1, wherein
a front edge of the intermediate blade is provided at
a position less than a front edge radius of the main
blade, and a blade height of the intermediate blade
across an entire extent from upstream to down-
stream is maintained constantly at a position at a
substantially equal height to, or higher than, a height
of a center line on a meridional plane that divides a
flow along the main blade into passageway areas of
a flow through a shroud-side passageway and a flow
through a hub-side passageway on the basis of a
ratio between the passageway width of the shroud-
side inflow passageway and the passageway width
of the hub-side inflow passageway.

6. The mixed flow turbine according to claim 1, wherein
a front edge of the intermediate blade is provided at
a position less than a front edge radius of the main
blade, while a blade height of the intermediate blade
across an entire extent from an upstream to down-
stream is set to a position higher than a center line
on a meridional plane that divides a flow along the

main blade into passageway areas of a flow through
a shroud-side passageway and a flow through a hub-
side passageway on a basis of a ratio between the
passageway width of the shroud-side inflow pas-
sageway and the passageway width of the hub-side
inflow passageway, and a blade height of a rear edge
is set to a position higher than the front edge.

7. The mixed flow turbine according to claim 5 or 6,
wherein a radius of the front edge of the intermediate
blade is set to a radius substantially equal to a radius
at which the intermediate blade is attached to the
hub.

8. The mixed flow turbine according to claim 1, wherein
the front edge of the intermediate blade coincides
with a front edge of the main blade, and a blade
height of the intermediate blade gradually decreases
toward a rear edge.

9. The mixed flow turbine according to claim 1, wherein
a blade tip of the intermediate blade is formed to
have an arc-shaped cross section.

10. The mixed flow turbine according to claim 1, wherein
a blade front edge wedge angle, which is formed
between a pressure surface and a suction surface
of front edges of the main blade and intermediate
blade, is set to an angle corresponding to a change
in an inflow angle of the fluid to the front edge, which
changes following a pressure oscillation of the fluid,
and setting is also implemented such that an inflow
direction to the front edge when the pressure oscil-
lation increases toward a high-pressure side gener-
ally coincides with a tangential direction of the suc-
tion surface or is oriented further toward a pressure
surface side than the tangential direction.

11. The mixed flow turbine according to claim 1, wherein
the cross-sectional profile of a front edge portion of
the main blade in a normal cross section to a rotaing
shaft is formed by curving the front edge portion of
the main blade in a direction of rotation to have a
shape to protruded in an opposite direction to the
direction of rotation.

12. The mixed flow turbine according to claim 1, com-
prising, in the hub-side inflow passageway, a nozzle
formed by a blade surface parallel to a central axis,
and a guide plate arranged on a downstream side
of the nozzle so that a rear edge opposes the front
edge of the rotor blade.
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