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TURBOMACHINE
ABSTRACT OF THE DISCLOSURE

A turbomachine having an impeller rotating within
a casing of the machine and circumferential or axial grooves
or passages formed in a wall of the casing between an
upstream portion and a downstream portion of the impeller,
characterized in that the machine comprises a high pressure
fluid injecting means for injecting high pressure fluid
into the grooves or passages formed in the casing, thereby
increasing the stall margin improvement without lowering the
peak efficiency of the machine and preventing generation of

a positive slope in a head-capacity curve.
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TURBOMACHINE

The present invention relates to a turbomachine
(for example, a centrifugal compressor, an axial or mixed
flow type compressor, a blower, or a pump), and more
particularly, it relates to a turbomachine in which a surge

margin can be expanded without reduction in peak efficiency.

Fig. 17(a) is a sectional view showing the vicinity
of an inlet portion of a conventional turbomachine, and
Fig. 17(b) is a sectional view of an impeller taken along
the line B-B in Fig. 17(a). As shown, when an impeller 1
is rotated around an axis 2 of rotation within a casing 3,
a fluid is sucked into the casing 3 through a suction port
(not shown) and is discharged out of a discharge port (not
shown).

In a conventional turbomachine of this kind, a
secondary flow is generated by a blade tip leakage vortex 30
caused by a leakage flow passing across the blade tip and
a passage vortex 31 caused by a pressure gradient existing
between the blade suction surface and the blade pressure
surface. The high-loss fluid caused in the impeller is
apt to be accumulated in an area 32 where the two secondary
flows interact with each other. 1In a partial capacity range
of the machine, the secondary flow caused by the passage
vortex 31 is dominant and, therefore, the high-loss fluid
is apt to be accumulated in a corner region 33 between the
blade suction surface and the casing inner wall surface.

Thus, large-scale separation of flow occurs owing
to the unstable high-loss fluid, i.e., a low-momentum fluid
on the blade surface and/or the casing wall surface. As
a result, a head-capacity curve having a positive slope is
caused in a partial capacity range, as shown by the line A
in Fig. 18. Such positively-sloped characteristics of
the head-capacity curve are known as stall phenomenon,
which may induce surging, i.e., self-induced wvibration of

a turbomachine piping system, and may also cause vibration,
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noise and damage to the machine. Thus, such a stall
phenomenon is a serious problem to be solved in order to
attain stable operation of the turbomachine.

Conventional means for solving such a problem may be
roughly divided into passive means supplied with no enerqgy
input from the outside of the turbomachine, and active means
supplied with some energy input from the outside of the
turbomachine.

The known passive means include a means in which
grooves, which are referred to as casing treatment, are
provided in the inner wall of the casing, and means referred
to as an air separator in which an annular passage with
guide vanes 1s provided in a casing wall at an impeller
inlet portion (see the teaching material for the 181th
course sponsored by the Kansai Branch of the Japan Society
of Mechanical Engineers, pp. 45-56). Regarding the casing
treatment, much study has been carried out on axial flow
compressors and a various configurations have been proposed,
such as an axial slot type, a circumferential groove type,

a honeycomb type and so on (Cumpsty N.A., 1989, Compressor
Aerodynamics, Longman Scientific & Technical). Fujita, H.
and Takaka, H. has systematically carried out experiment
on an influence of a variety of casing treatment on the
performance of an axial flow compressor (1984, Bulletin

of JSME, Vol. 27, No. 230, pp. 1675-1681). As is clear
from the test result of this study (see Fig. 10 explained
hereinafter), in a conventional casing treatment, there

1s a tendency that when a stall margin improvement is
large, a reduction in peak efficiency of the machine is also
inevitably large. A conventional casing treatment applied
to the turbomachine having a centrifugal impeller is, for
example, shown in U.S. Patent Nos. 3,893,787 and 4,063, 848.

Further, widely employed in the turbomachine is
a means in which a fluid 1s bypassed from the discharge
side to the inlet side during the operation in the partial
capacity range. However, this means increases the actual
filow rate of the fluid flowing through the turbomachine, and

it inevitably causes a marked reduction in the head of the
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turbomachine. In addition, since a large amount of fluid
recirculates through the bypass, a great deal of power is
wasted.

On the other hand, the conventional active means may
be roughly divided into the following four types:

(1) Means for externally supplying energy to the
low-momentum fluid on the blade surface, the casing and/or
the shroud;

(2) Means for removing such a low-momentum fluid;

(3) Means for giving a prerotation to the impeller
inlet flow, in the direction of the impeller rotation, to
thereby prevent blade stall; and

(4) Means for actively generating disturbance to
dump a weak unstable fluid oscillation that appears in the
flow field before stall occurs.

As one example of the above means (1), Japanese
Patent Laid-Open No. 55-35173 (1980) discloses a method
for expanding a surge margin in a compressor, in which part
of the high-pressure side fluid is introduced to the tip
part of the impeller and/or the area between each pair of
adjacent blades, thereby injecting it in the form of a high-
speed jet. According to this literature, the direction
of the jet may be any of a radial direction, direction of
rotation of the impeller and a direction counter to the
impeller rotation. Jet injection is equally effective in
any of these three directions. Since the function of the
jet in this prior art is to supply energy to the unstable
low-momentum fluid on the blade surface and to thereby
prevent boundary-layer separation, the direction of
injection need not be particularly specified.

As another known example of the means (1), Japanese
Patent Laid-Open No. 45-14921 (1970) discloses a means in
which high-pressure air is taken out from the discharge side
of a centrifugal compressor and is jetted out of a nozzle
provided in a part of the casing that covers the downstream
half of the impeller to thereby stabilize the operation
during the partial capacity range. The function of the

jet in this means involves a turbine effect which provides
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pressure to the low-pressure region at the blade rear
side (blade suction surface side), and a jet flap effect
which reduces the effective flow width at the impeller
exit. Accordingly, the jet needs to have a circumferential
velocity component in a direction of the impeller rotation
and also a velocity component in a direction perpendicular
to the casing wall surface.

As one example of the above means (2), Japanese
Patent Laid-Open No. 39-13700 (1964) discloses a means in
which a fluid is returned from the high-pressure stage side
to the low-pressure stage side in an axial flow compressor
to thereby suck a low-momentum fluid which is present inside
the boundary layer along the casing wall at the high-
pressure stage side, thereby stabilizing the flow. In this
prior art, the return fluid supplied to the low-pressure
stage acts in the form of a jet which provides momentum to
the fluid in the vicinity of the wall surface, thereby also
providing the same function as that of the above-mentioned
means (1).

As one example of the means (3), Japanese Patent
Laid-Open No. 56-167813 (1981) discloses an apparatus
for preventing surging in a turbo-charger, in which air
1s injected from an opening facing tangentially to the
direction of the impeller rotation at the impeller inlet
portion. It 1is stated in this literature that the function
of the injected air is to give prerotation to the flow so
as to reduce an attack angle of the flow in relation to
the blade, thereby preventing flow separation on the blade
surface. Accordingly, the direction of the air injection
1s defined as being tangential in the direction of the
impeller rotation. This means should provide prerotation
over a relatively wide range of the blade height to prevent
stall over a wide partial capacity range and, thus, it
inevitably results in a reduction of the pressure head.

As one example of the means (4), UK Patent
Application GB 2191606A discloses a means in which
an unstable, fluctuating wave mode in the flow field is

measured and, concurrently, the amplitude, phase, frequency,
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etc., of the wave mode are analyzed, and a vibrating blade,
vibrating wall, an intermittent jet, etc., are used as

an actuator to actively impart wave disturbance to the
fluid which cancels the above-mentioned unstable wave

mode, thereby preventing the occurrence of rotating stall,
pressure surge, pressure pulsation, etc. This means is
based on the assumption that there is an unstable wave mode
as a precursor of rotating stall, pressure surge, etc., and
hence cannot be applied to turbomachines in which such

a wave mode 1s not present.

The present invention was made to eliminate the
above-mentioned conventional drawbacks, and an object of the
present invention is to provide a turbomachine in which the
drawbacks of the conventional passive and active means can
be eliminated and generation of a head-capacity curve having
a positive slope can be prevented, thereby preventing the

occurrence of stall.

In order to solve the above problems, according to
a fist aspect of the present invention, there is provided
a turbomachine having an impeller rotating within a casing
and circumferential or axial grooves or passages formed
in a wall of the casing between an upstream portion and
a downstream portion of the impeller, characterized by
comprising a high pressure fluid injecting means for
injecting high pressure fluid into the grooves or passages
formed in the casing.

Further, according to a second aspect of the present
invention, in the invention of the first aspect, the high
pressure fluid injecting means includes an injection
stopping means capable of permitting and inhibiting the
injection of the high pressure fluid on demand.

Further, according to a third aspect of the present
invention, in the invention of the first and second aspects,
the high pressure fluid injecting means injects the high
pressure fluid having a velocity component opposed to
a direction of the impeller rotation into said grooves

or passages formed in the casing.
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Further, according to a fourth aspect of the present

invention, in the invention of the first to third aspects, the

high pressure fluid injecting means utilizes, as the high pressure

fluid, high pressure fluid supplied from an outside pressure

source or high pressure fluid supplied from a high pressure side

of the turbomachine.

Fig. 19(a) is a sectional view showing the vicinity of an

inlet portion of a turbomachine, and Figs. 19(b) and 19(c) are

sectional views of an impeller taken along the line A-A in Fig.

19(a). In the turbomachine of this kind, when the impeller 1 1S

rotated in a direction shown by the arrow o, fluid flowing through
an inlet of the turbomachine flows as shown by the solid line

arrows a, b in Fig. 19(b). As a flow rate Q 1s decreased, the

£f1-1id flow shown by the arrow a, i.e., secondary flow is gradually
directed toward a rotational direction w of the impeller 1 1n the

vicinity of the casing 3. Finally, the flow is reversed toward the

inlet side as shown by the solid line arrows C 1n Fig. 19(c),

thereby causing an abrupt reduction in head as shown by a point B

in Fig. 18.
To avoid this, in the present invention, as shown in Figs.

1(a), 1(b) and 1(c), by injecting jets 6 of high pressure fluid

into grooves 4 formed 1n the casing 3 toward a direction opposite

to the rotational direction ® of the impeller 1, a fluid flow

shown by the broken lines in Figs. 19(b) and 19(c) 1is 1induced

b

along an inner wall of the casing 3. This fluid flow 1s counter

to the fluid flow shown by the arrows a which are apt to flow

toward a rotational direction w as the flow rate QO 1s decreased.

Thus, it is possible to suppress the growth of the fluid flow

tending to reverse toward the inlet side (as shown by the arrows

c) to thereby delay Or suppress generation of an unstable

positive-slope characteristic of the head-capacity curve as shown

[7]

in Fig. 18.

by the dot-dash line D or the two-dot-dash line

Incidentally, in the case where the grooves 4 alone are formed 1in

the casing 3 and jets 6 are not injected, the head-capacity curve

becomes as shown by the broken line C in Fig. 18.
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The casing treatment configuration (configuration of the

grooves 4) provided in the inner wall of the casing 3 may be, ftor

example, any one of the shapes shown in Figs. 1(a), 2 and 3(b).

A pressure difference 1s generated between a pressure side 32

P
-

and a suction side 33 of the blades of the rotating impeller 1 1n

Fig. 1(c). Accordingly, even in the conventional arrangements 1n

which the grooves 4 alone are formed in the inner wall of the
casing 3 along the circumferential direction and a means for

injecting the jets 6 1is not provided, due to the pressure

difference between the pressure side 39 and the suction side 33 of

fhe blades of the rotating impeller 1, there arises a leakage flow
which passes through the grooves 4 and flows in a direction

~counter to the rotational direction w of the impeller 1. However,

since such a leakage flow is essentially generated only in the

vicinity of the blade tips and the pressure difference 1s

relatively small, a speed of the flow is relatively slow and,

rherefore, is insufficient to adequately Suppress the fluid flow
(as shown by the arrows cC,) processing toward the inlet of the

impeller. Accordingly, rhe conventional arrangements in which the

circumferential grooves 4 alone are formed in the inner wall of

the casing 3, Fig. 2, have a disadvantage that the stall margiln

cannot be sufficiently improved. To the contrary, the
conventional arrangements of the circumferential grooves 4 have an

advantage that efficiency reduction in design point is low, since

an1 amount of the leakage flow passing through the grooves 4 to the

suction surface side 33, is small.

In the conventional arrangement, as shown in Figs. 3(a) and

3{b), in which the axial grooves 4 alone are formed in the inner

wall of the casing 3 and the means for injecting the jets 6 1s not

impeller, the amount of the leakage in the axial grooves 1s

e

fluilid flow

greater than that 1in the circumferential grooves, and a
has a faster circumferential velocity component due to the

inclination of the grooves 4 1n the circumferential direction as



CA 02181106 2006-05-15

- 8 -

shown in Fig. 3(b). Thus, this conventional arrangement has an

advantage that the i1mprovement of the stall margin 1s greater than
that in the circumferential grooves. However, this arrangement
also has a disadvantage that leakage of fluid 1s great and,
therefore, the efficiency reduction in design point 1s also great.
In comparison with the above-mentioned conventional
arrangements, according to the present invention, since the high

pressure fluid jets 6 are 1njected from nozzles 5 into the grooves

4 formed in the inner wall of the casing 3 along the
circumferential direction to thereby actively generate the

circumferential flow, the stall margin can be improved

significantly. At the same time, since the injection of the high
pressure fluid jets 6 can be interrupted or stopped at the design
flow rate, the efficiency reduction in design point can be avoided
or minimized.

Further, as shown in Figs. 3(a) and 3(b), when the present
invention is applied to the axial grooves 4 formed 1n the 1inner
wall of the casing 3 to 1nject the jets 6 i1nto the grooves, the
stall margin can be further improved in a partial capacity range
while maintaining the same efficiency reduction in design polnt as
that of the conventional casing treatment having axial grooves

alone, by interrupting the jet injection.

In another aspect, the present invention resides 1n a
turbomachine having an impeller rotating within a casing of
said machine and circumferential groove passages formed 1in a
wall of said casing between an upstream portion and a
downstream portion of said impeller, wherein said machine

comprises a high pressure fluid injecting means for 1njecting

high pressure fluid having a velocity component opposite to a

pr—

direction component of said impeller rotation into said groove

passages formed in sald casing.

In a further aspect, the present invention resides 1n a
turbomachine having an impeller rotating within a casing of
said machine and axial groove passages formed in a wall of said

casing between an upstream portion and a downstream portion of
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sald 1mpeller, wherein said machine comprises a high pressure
fluid injecting means for injecting high pressure fluid having
a velocity component opposite to a direction component of said
impeller rotation into salid groove passages formed in said
casing.

The above and other objects, features and advantages of the
present invention will become more apparent from the following
description when taken 1n conjunction with the accompanying
drawings 1n which preferred embodiments of the present i1invention

are shown by way of 1llustrative examples.

Figs. 1(a), 1(b) and 1(c) show the vicinity of an inlet
portion of a turbomachine according to a preferred embodiment of
the present invention, where Fig. 1l(a) 1is a partial longitudinal
sectional view, Fig. 1l(b) 1s a sectional view taken along the line

A-A in Fig. 1(a), and Fig. 1l(c) 1s a sectional view taken along

the line B-B in Fig. 1l(a);
Fig. 2 1s a sectional view showing the vicinity of an 1inlet

portion of a turbomachine according to another embodiment of the

present invention;

Figs. 3(a) and 3(b) show the vicinity of an 1nlet portion of

a turbomachine according to a further embodiment of the present
invention, where Fig. 3(a) 1s a partial longitudinal sectional
view and Fig. 3(b) is a sectional view taken along the line 10--10
in Fig. 3(a);

Fig. 4 shows the vicinity of an inlet portion of
turbomachines according to further embodiments of the present
invention, where Fig. 4(a) 1s a partial longitudinal sectional

p—

view of a modified embodiment of Figs. 1(a), 1l(b) and 1l(c) and

Fig. 4(b) i1s a partial longitudinal sectional view of a modified
embodiment of Figs. 3(a) and 3(b);

Fig. 5 shows the vicinity of an inlet portion of a
turbomachine according to a still further embodiment of the

present invention, where Fig. 5(a) 1s a partial longitudinal
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sectional view and Fig. 5(b) 1s a sectional view taken along the
line B-B 1n Fig. 5(a);

Fig. 6 1s a longitudinal sectional view showlng an embodiment
in which the present invention 1s applied to a multi-stage
turbomachine;

Fig. 7 1s a sectional view showing the vicinity of an 1inlet
portion of a turbomachine according to a still further embodiment
of the present invention;

Fig. 8 1s a view showing a conventional casing treatment of
an axial skewed slot type, where Fig. 8(a) 1s an internal view of
a casing and Fig. 8(b) is a sectional view taken along line C-C 1in
Fig. 8(a);

Fig. 9 is a view showing a conventional casing treatment of a
circumferential groove type, where Fig. 9(a) 1s an internal view

of a casing and Fig. 9(b) 1s a sectional view taken along line C-C

in Fig. 9(a);

Fig. 10 1s a graph showing the correlation between a stall
margin improvement and a reduction in peak efficiency for
different types of conventional casing treatment;

y—
p—

Fig. 11 is a view showing a casing treatment of a

circumferential groove type with jet injection according to an
embodiment of the present invention, where Fig. 1ll(a) 1s an
internal view of a casing and Fig. 11(b) is a sectional view taken
along line C-C in Fig. 11l (a);

Fig. 12 is a graph showing head-capacity curve of an axial
flow fan having a casing treatment of a circumferential groove
type with jet injection according to the present invention;

Fig. 13(a) 1s a graph showing change 1n head-capacity curve
of an axial flow fan when a flow rate of the jet injection 1is
varied 1n a casing treatment of the present 1nvention and Fig.
13(b) 1s a view showing the casing treatment used in the
experiment;

Fig. 14 (a) is a graph showing change in head-capacity curve
of an axial flow fan when the position of the jet injection 1s

varied in a casing treatment of the present i1nvention and Fig.
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14 (b) 1s a view showing the casing treatment used in the
experiment;

Fig. 15 1s a graph showing the correlation between a stall
margin improvement and a reduction 1n peak efficiency of a casing
treatment of the present i1nvention together with known data for
conventional casing treatment;

Fig. 16 1s a graph showing change in head-capacity curve of
an axial flow fan when grooves 1n a casing treatment are
interconnected by a chamber;

Filg. 17 1s a view showing the vicinity of an inlet portion of
a conventional turbomachine, where Fig. 17(a) 1s a longitudinal
sectional view and Fig. 17(b) 1s a sectional view of an impeller
taken along the line B-B 1in Fig. 17(a);

Fig. 18 1s a graph showing a head-capacity curve of the
turbomachine; and

Figs. 19(a), 19(b) and 19(c) show the wvicinity of an inlet
portion of a turbomachine, where Fig. 19(a) 1s a longitudinal
sectional view, Figs. 19(b) and 19(c) respectively are sectional

view taken along the line A-A 1n Fig. 19(a).

PREFERRED EMBODIMENT OF THE INVENTION

The present invention will now be explained i1n connection

with embodiments thereof with reference to the accompanying
drawings. Figs. 1(a), 1(b) and 1(c) show the wvicinity of an inlet
portion of a turbomachine according to a preferred embodiment of
the present invention, where Fig. 1(a) 1s a partial longitudinal

sectional view, Fig. 1(b) i1s a sectional view taken along the line

A-A, and Fig. 1(c) 1s a sectional view taken along the line B-B.
In Fig. 1(a), an i1mpeller 1 1is attached to a rotating shaft 2 and
1s rotated around the axis of the shaft 2 in a direction shown by
the arrow w.

A plurality of grooves (casing treatment) 4 i1s formed in an
inner wall of a casing 3 1in a circumferential direction, and tip
ends of nozzles 5 are open to bottoms of the corresponding grooves

4 so that jets 6 of high pressure fluid are injected into the
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grooves 4 in a direction tangential to the bottom of each groove 4

P

and counter to a rotational direction of the impeller 1. Several

nozzles 5 are provided at circumferentially spaced points for each
groove 4.,

By injecting the high pressure fluid jets 6 from the nozzles

5, a flow changing i1ts direction to the rotational direction w of

the impeller 1 due to the secondary flow in the vicinity of the

P

casing 3 upon reduction of the flow rate Q as mentioned above, is

forced to flow in a direction counter to the impeller rotation
along the i1nner wall of the casing 3 (see the dotted arrow in
Figs. 19(b) and 19(c)), thereby suppressing generation of a back
flow directing toward the inlet to thereby prevent the abrupt
reduction in head due to the generation of the back flow.

Fig. 2 shows the vicinity of an inlet portion of a
turbomachine according to another embodiment of the present

invention. Unlike the turbomachine shown in Fig. 1(a), in a

turbomachine according to this embodiment, the circumferential
grooves 4 are skewed axially at an angle of 6 with respect to the

radial direction. By introducing skew for the circumferential

grooves 4 1n this way, since the velocity component directing
toward the direction shown by the arrow b in Fig. 19(b) is

provided, the flow shown by the arrow a i1s prevented from being

changed 1ts direction toward the direction shown by the arrow ¢ in
Fig. 19(c), thereby effectively preventing the generation of a
back flow toward the inlet.

Figs. 3(a) and 3(b) show the vicinity of an inlet portion of
a turbomachine according to a further embodiment of the present
invention, where Fig. 3(a) is a partial longitudinal sectional
view and Fig. 3(b) 1s a sectional view taken along the line B-B,

Fig. 3(a). In the turbomachine according to this embodiment,

grooves 4 formed 1n the inner surface of the casing 3 extend along
an axial direction, and, as shown in Fig. 3(b), the grooves are
skewed 1n a circumferential direction so that the jets 6 are
directed toward a direction counter to the direction of the

impeller rotation. Further, a means for injecting the high



CA 02181106 2006-05-15

- 13 -
pressure fluid jets 6 i1nto the grooves 4 is provided. As

mentioned above, 1n the casing treatment i1in which the axial

grooves are skewed 1n the circumferential direction, it 1s known

that, although the reduction in peak efficiency 1s great, the

improvement of the stall margin can be greatly enhanced. 1In the
present invention, by further injecting the high pressure fluid
jets 6 into the grooves 4, since a flow having the greater
circumferential velocity component flows out of each groove 4, the
stall margin can be further improved.

Although not shown, the means for ejecting the high pressure
fluid jets 6 from the nozzles 5 may include a valve and a pump to

permit and inhibit the injection of the jets 6 on demand (for

example, the i1njection 1s effected at stall flow rate or

thereabout) .

The jet 1njection stopplng means may be provided one for each
nozzle or in a line supplyling a high pressure fluid to the nozzles
(see F1g. 6).

Figs. 4(a) and 4 (b) respectively show a modified embodiment
of Figs. 1(a) and 3(a). In these embodiments, the grooves 4 are
positioned or extended just beyond the range of the impeller 1 on
the upstream thereof. The grooves 4 may be positioned or extended
just beyond the range of the impeller on the downstream thereof.
Even though the grooves are positioned or extended just beyond the
impeller to the upstream and/or downstream thereof, advantages
simllar to those given in the embodiment of Figs. 1(a) and 3(a)

can be obtained.

Fig. 5 1s another modified embodiment of Fig. 1(a), wherein
nozzles 8 are formed 1ndependently from the casing 3 and fixed to
the casing so that nozzle jet opening at the tip ends thereof are

positioned within the grooves 4 facing a direction tangential to
the grooves. By this arrangement, manufacture of the nozzle is
made simple and i1nexpensive and it is easy to adjust the direction

of the fluid ejection.

Fi1g. 6 1s a longitudinal sectional view showing an embodiment

in which the arrangement shown in Figs. 1(a), 1(b) and 1(c) 1is
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applied to a multi-stage turbomachine. In this multi-stage
turbomachine, a high pressure fluid 1s supplied from a downstream
high pressure stage side to an upstream low pressure stage side,
and the high pressure fluid 1s injected from the nozzles 5 into
the grooves 4 as jets. With this arrangement, there 1s no need to
provide an external high pressure fluld generating means.

In Fig. 6, the reference numerals 9 and 9' show a valve as a
jet 1njection stopping means which permit and inhibit the
injection of the jets 6 on demand. The jet 1njection stopping
means may be provided one for each nozzle 5 or in a conduilt
supplying a high pressure fluid to the nozzles 5 as shown.

Although, 1n the embodiment shown, the grooves 4 are provided 1in

the first stage corresponding to the impeller 1, the grooves may
be provided 1n the second stage, third stage or all stages of the

turbomachine.

Fig. 7 shows the vicinity of an inlet portion of a
turbomachine according to a still further embodiment of the
present i1nvention. In the turbomachine according to this
embodiment, as shown, there is provided an axially extending
chamber 7 for interconnecting the circumferential grooves 4 to
each other, and, high pressure fluid on the downstream 1is

introduced into the upstream grooves 4 through the chamber 7 in

order to eject the high pressure fluid from the nozzles 5 as jets.
By interconnecting the grooves 4 by the chamber 7, the stall

marglin improvement 1s further enhanced as will be
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explained hereinafter.

Next, experimental results of the invention will be
explained comparing them with those of the conventional
casing treatment.

Figs. 8 and 9 respectively show a conventional
casing treatment of an axial skewed slot type and a casing
treatment of a circumferential groove type applied to
a casing of an axial flow compressor.

Fig. 10 shows the correlation between the stall
margin improvement and the reduction in peak efficiency for
the conventional casing treatment wherein the stall margin
improvement is varied by changing the size, configuration,
number, etc., of the grooves. Fig. 10 includes the test
results of a so-called axial slot type casing treatment,
wherein slots or grooves 4 in Fig. 8 are not inclined to the
circumferential direction, in addition to the test results
of the casing treatment shown in Figs. 8 and 9.

As is clear from Fig. 10, in the conventional casing
treatment, when the stall margin improvement is increased,
the reduction in peak efficiency is inevitably increased
in any of the circumferential groove, axial skewed slot or
axial slot type casing treatments (tendency is shown by
a thick arrow). As mentioned hereinabove, in an axial
skewed slot type casing treatment, although a great stall
margin improvement can be obtained, the reduction in peak
efficiency is also great. In a circumferential groove type
casing treatment, although the reduction in peak efficiency
is small, the stall margin improvement is also small. Thus,
in the conventional casing treatment, it is impossible to
increase the stall margin improvement while suppressing the
reduction in peak efficiency.

Fig. 11 shows an example of the casing treatment of
the present invention used in the experiment, wherein six
circumferential grooves 4 are provided in an inner wall of
the casing of an axial flow fan and high pressure fluid
(air) is injected in each of the grooves in a direction

counter to the rotational direction of the impeller 1.
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Fig. 12 is a graph showing the effect of the casing
treatment with jet injection of the present invention,
wherein a head-capacity curve of an axial flow fan without
a casing treatment (no groove) and a head-capacity curve
of the casing treatment of the above-mentioned example
wherein high pressure fluid is injected into each of the
six circumferential grooves (jet 1500) are shown. The total
flow rate of the air injected into grooves relative to the
design flow rate is about 1%. As is clear from the drawing,
the stall margin improvement is remarkably increased by
injecting high pressure fluid into the grooves in the casing
treatment of the invention.

Fig. 13 shows the change in stall margin improvement
when the flow rate of the injected high pressure fluid (air)
i1s varied. The casing treatment used in the experiment
includes two circumferential grooves positioned on the
impeller inlet side as shown in Fig. 13(b) and head-capacity
curves are obtained when the flow rate of the high pressure
fluid injected into the two circumferential grooves are
varied. In Fig. 13(a), the curve air = 0 denotes a head-
capacity curve where no high pressure fluid is injected into
the grooves, the curve air = 1500 denotes a head-capacity
curve where a high pressure fluid of about 1.0% of the
design flow rate is injected into the grooves, the curve
air = 3000 denotes a head-capacity curve where a high
pressure fluid of about 2.0% of the design flow rate is
injected into the grooves and the curve air = 4000 denotes
a head-capacity curve where a high pressure fluid of about
2.7% of the design flow rate is injected into the grooves
in the direction counter to the rotational direction of the
impeller, respectively.

As 1s clear from Fig. 13, when the flow rate of
the injected high pressure fluid is increased, the stall
margin improvement is increased accordingly. Incidentally,
a depression is seen in the curve air = 4000 in Fig. 13.
This depression seems to be caused by an irregular flow of a
high pressure fluid which does not follow the bottom surface

of the grooves, but would be dissolved by increasing the
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number of jet injection points along the grooves and thereby
equalizing the jet flow circumferentially along the grooves.
Fig. 14 is a graph showing the change in stall margin
improvement when the injection location of the high pressure
fluid is varied. The casing treatment used in the test is
shown in Fig. 14(b), wherein two circumferential grooves
are provided on the inner wall of the casing and the head-
capacity curves are obtained when the location of the two
circumferential grooves are shifted from the impeller inlet
side to the outlet side as shown in a, b, ¢, d, and e in
the drawing. As is clear from Fig. 14, the stall margin
improvement is greater when the high pressure fluid is
injected on the impeller inlet side than it is injected
on the impeller outlet side. Therefore, even if the
number of the grooves is reduced, a sufficient stall margin
improvement could be obtained by providing them on the
impeller inlet side. Then it is possible to reduce the
manufacturing cost by decreasing the number of the grooves.
Fig. 15 is a graph showing the test results of
the casing treatment with the jet injection of the present
invention and for the purposes of comparison it is shown
together with the conventional test results shown in
Fig. 10. In Fig. 15, "2 grooves 1% jet" denotes the case
where a high pressure fluid (air) of about 1% of the design
flow rate is injected into the two circumferential grooves
of the casing treatment, "6 grooves no jet" denotes the
case where no high pressure fluid is injected into the six
circumferential grooves of the casing treatment, "6 grooves
1.0% jet" denotes the case where the high pressure fluid
of about 1.0% of the design flow rate is injected into
six circumferential grooves of the casing treatment, and
"2 grooves 2% jet" denotes the case where a high pressure
fluid of about 2.0% of the design flow rate is injected into
two circumferential grooves of the casing treatment.
As 1s clear from Fig. 15, when a casing treatment
of the invention is used, the stall margin improvement
can be increased without increasing the reduction in peak

efficiency and a great stall margin improvement can be
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obtained even with the small number of grooves. From the
graph, it will be understood that even when the number of
circumferential grooves is two in this invention, it 1is
possible to obtain a stall margin improvement which 1s
greater than that of the conventional casing treatment
having six circumferential grooves by increasing the flow
rate of the injected high pressure fluid.

Fig. 16 is a graph showing the effects of
interconnecting the grooves of the casing treatment

] |

by a chamber. In Fig. 16, the curve "no groove  denotes

a head-capacity curve where no casing treatment is provided
on the casing inner wall, the curve "treatment A" denotes a
head-capacity curve where a conventional six circumferential
grooves alone are provided on the casing inner wall as shown
in treatment A, the curve "treatment B" denotes a head-
capacity curve where the conventional six circumferential
grooves are interconnected by a chamber as shown in
treatment B, and the curve "treatment C" denotes a head-
capacity curve where two circumferential grooves are
interconnected by a chamber as shown in treatment C.

As will be clear from Fig. 16, even when the high
pressure fluid is not injected into the grooves, the stall
margin improvement can be increased by interconnecting the
grooves by a chamber. In addition, it will be understood
that even when the number of grooves is two, by inter-
connecting them by a chamber, it is possible to obtain
a stall margin improvement which almost corresponds to that
obtained in the six circumferential grooves. Therefore, it
is possible to obtain still greater stall margin improvement
by combining the effect of interconnecting the grooves by
a chamber with the effect of injecting a high pressure fluid
into the grooves.

As mentioned above, according to the present
invention, since the high pressure fluid is injected into
the circumferential or axial grooves or passages formed in
the casing wall, it is possible to prevent the secondary
flow from creating a back flow, thereby preventing any

abrupt reduction in head. Thus, it is possible to improve
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the stall margin while suppressing the reduction in peak

efficiency at design point.
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What 1s claimed 1is:

1. A turbomachine having an impeller rotating within a

casing of said machine and circumferential groove passages

formed 1in a wall of said casing between an upstream portion
and a downstream portion of said impeller, wherein said
machine comprises a high pressure fluid injecting means for
injecting high pressure fluid having a velocity component

P

opposlite to a direction component of said impeller rotation

1nto sald groove passages formed in said casing.

2. A turbomachine as claimed in claim 1, wherein said
groove passages are formed 1n an area between said upstream

portion and downstream portion of said impeller, and said

high pressure fluid means inject high pressure fluid into

sald groove passages.

3. A turbomachine as claimed in claim 2, wherein said
upstream portion and downstream portion of said impeller
include areas just beyond said i1mpeller to the upstream and

downstream of said 1mpeller.

4 . A turbomachiline as claimed 1n any one of claims 1 to 3,

wherein said high pressure fluld injectling means are

provided 1n said groove passages at said upstream portion

of said impeller.

5. A turbomachine as claimed in any one of claims 1 to 3,

wherein said high pressure fluid injecting means includes

an lnjection stopping means for permitting and inhibiting

injection of the high pressure fluid on demand.
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6. A turbomachine as claimed in any one of claims 1 to 3,
wherein said high pressure fluid i1injection means utilizes,
as said high pressure fluid, high pressure fluid from

outgside of said turbomachine.

7. A turbomachine as claimed 1n any one of claims 1 to 3,

wherein said turbomachine 1s a multi-stage turbomachine,

and sald groove passages provided with said high pressure
fluid injecting means are provided 1n at least one stage of

sald multi-stage machine.

8. A turbomachine as claimed i1n any one of claims 1 to 3,

whereln said groove passages extend along an axial

direction and are skewed 1n a circumferential direction

counter to the impeller rotation.

9. A turbomachine as claimed in any one of claims 1 to 3,
wherein said groove passages extend in a circumferential

direction and are skewed axially of said impeller toward an

outlet of said i1mpeller.

10. A turbomachine as claimed in any one of claims 1 to 3,
whereiln sald groove passages extend in a circumferential
direction, and said high pressure fluid injection means
comprises nozzles formed in said casing and opened to said
groove passages facing toward a direction tangential Lo

sald groove passages so that a tip end opening of said

nozzles project into said groove passages facing toward a

direction tangential to said groove passages.

11. A turbomachine as claimed in any one of claim 1 to 3,

wherein salid groove passages extend 1in a circumferential
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direction, and saild groove passages are 1interconnected to

each other by a chamber extending axially of said 1mpeller.

12. A turbomachine having an impeller rotating within a

P

casing of said machine and axial groove passages formed in

a wall of said casing between an upstream portion and a

downstream portion of said impeller, wherein said machine

comprises a high pressure fluid i1njecting means for

injecting high pressure fluid having a velocity component

opposite to a direction component of said impeller rotation

into said groove passages formed 1n said casing.
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