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@) Turbine casing for turbocharger.

@ A turbine casing (1) for a turbocharger defines a

volute gas passage (3) and includes at least one

partition wall (10) which divides the gas passage into

a plurality of gas paths (3a,3b) axially of the turbine

axis. The outer periphery of the partition wall (10) is
w= substantially rigidly connected, e.g. by welding, to
& the turbine casing (1). The partition wall (10) is

divided into at least two portions by at least one slit
o (11a,11b,11¢;11), of which at least a portion extends
€N substantially radially.
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TURBINE CASING FOR TURBOCHARGER

The present invention relates to turbine casings
for turbochargers and is concerned with that type
of casing which -defines a volute or scroll shaped
gas passage and includes at least one partition wall
which divides the gas passage into a plurality of
gas paths axially of the turbine axis, the outer
periphery of the partition wall being substantially
rigidly connected o the iurbine casing.

In a turbocharger turbine casing, gases flowing
through a gas inlet are induced to flow through a
gas passage in a scrolled or volute portion of the
casing thersby rotating a turbine wheel. A tur-
bocharger has been proposed in which, in order to
improve performance, the gas passage is divided
into a plurality of gas paths axially of the turbine
shaft and the gases are distributed into the gas
paths depending on the variation of the gas flow
rate thereby effectively utilising the dynamic pres-

sure of the gases and thus enabling the turbine to.

be driven at a high degree of efficiency over a
large range of gas flow rates.

Figure 10 is a diagrammatic sectional elevation
of a known turbocharger of the type described
above and Figure 11 is a sectional view on the line
XI-XI in Figure 10. This turbocharger includes a
partition wall 2 which is integral with, and extends
radially inwardly from, the circular inner surface of
the turbine casing 1 so that the gas passage 3 is
divided axially of the turbine shaft by the partition
wall 2 into gas paths 3a and 3b which commu-
nicate with the turbine wheel 9.

Figure 12 is a view similar to Figure 11 of a
further known turbocharger which includes a sepa-
rate partition wall 4 which is arranged so that
substantially all of it can move freely in the radial
direction within the turbine casing 1. To this end,
the turbine casing 1 comprises two separate casing
portions ta and 1b which are welded together at 7
and abut one another in a radial plane 5 and define
a continuous circumferential groove 6 in the inner
periphery of the casing portions 1a and 1b. The
outer periphery of the partition wall 4 is fitted into
the groove 6 such that the partition wall 4, which
divides the gas passage 3 into a plurality of gas
paths, can be displaced in the radial direction.

The scroiled portion of the turbine casing in
both the constructions described above is in the
form of a spiral so that its thermal expansion and
deformation due to the heat of the exhaust gases
are very complex. In the construction of Figures 10
and 11, in which the gas passage 3 is divided into
two gas paths by the partition wall 2 integral with
the inner surface of the turbine casing, movement
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of the periphery of the partition wall 2 is prevented
by the turbine casing so that differential expansion
of the turbine casing 1 and the partition wall 2
cannot be absorbed. As a resuit, thermal stresses
are concentrated in the partition wall 2 which is
therfore subject to siress cracks, as indicated at 8
in Figure 10. The turbocharger thus has an inad-
equate service life.

In the turbocharger illustrated in Figure 12, the
pariition wall 4 and the turbine casing 1 are fab-
ricated as separate items and the partition wall 4 is
not restrained in the radial direction so that if
complex differential expansion and deformation oc-
cur the partition wall 4 can move fresly. Con-
sequently, cracks due to thermal siresses are not
produced. However, in order fo permit the displace-
ment of the partition wall 4 in the radial direction, a
clearance ¢ must be provided between the radial
outer surface of the partition wall 4 and the bottom
of the groove 6. This groove must be machined
with a high degree of dimensional accuracy. How-
ever, it is found to be very difficult to maintain
clearance ¢ at the required size and to machine the
groove 6 with a satisfactory degree of dimensional
accuracy. Furthermore, the partition wall 4, which is
fabricated separaiely from the turbine casing por-
tions 1a and 1b has a considerable freedom of
movement so that there is a risk of it striking
against the turbine casing portions 1a and 1b thus
causing vibration and noise, resulting in an inad-
equate reliability of the turbocharger.

It is an object of the invention to provide a
turbine casing of the type referred to above which
substantially overcomes the problems referred to
above and which, in particular, includes a partition
in the gas passage which can satisfactorily with-
stand differences in thermal expansion and de-
formation of the partition wall and the turbine cas-
ing.

According to the present invention a turbine
casing of the type referred to above is charac-
terised in that the partition wall is divided into at
least two portions by at least one slit or elongate
aperture. Thus in the turbine casing in accordance
with the invention, the problems associated with
fitting the peripheral edge of the partition wall into a
groove in the inner surface of the turbine casing
are eliminated but the partition wall can neverthe-
less be subjected to differential expansion without
suffering damage.

The partition wall has an aperture for accom-
modating a turbine and it is preferred that the slit
extends between the said aperiure and the outer
edge of the pariition wall. The slit may extend
radially with respect to the turbine axis or alter-
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natively the slit may comprise three portions, of
which one extends substantially radially with re-
spect to the turbine axis, one extends circumferen-
tially and a further one extends substantially radi-
ally.

The size and position of the slit or slits will be
determined by the various parameters of the tur-
bine casing and the conditions under which it will
be used but it is preferred that the slit is situated
within an angular range which is measured from a
datum fline, the datum line extending from the tur-
bine axis parallel to the direction in which gases
flow into the passage through the inlet, the said
angular range extending from a position about 60°
towards the iniet from the datum line to a position
about 60° away from the inlet from the datum line.

The casing may include only a single siit, of
which at least a portion extends radially, but it is
preferred that it includes a further slit which ex-
tends from the inlet substantially parallel to the
direction in which gases flow through the inlet and
terminates at the said aperture for accommodating
a turbine. The casing may aiso include yet a fur-
ther slit which exiends from the inlet substantially
parallel to the direction in which gases flow through
the inlet and terminates at the outer periphery of
the partition wall. The slit or slits or any portion of
them which extends parallel to the peripheral edge
of the partition wall may be spaced from the pe-
ripheral edge or may be provided at the peripheral
edge in which event it will constitute a notch or cut-
out in that edge.

The partition wall may be secured io the inte-
rior surface of the turbine casing, e.g. by welding,
over substantially its entire length but it is preferred
that at least the major part of the outer periphery of
the partition wall is provided with a plurality of
spaced projections separated by recesses and that

" only the projections are substantially rigidly con-

nected to the turbine casing.

The invention also embraces a turbocharger
including a turbine casing of the type referred to
above.

Further features and details of the invention will
be apparent from the following description of cer-
tain specific embodiments which is given by way of
example with reference to Figures 1 to 9 of the
accompanying diagrammatic drawings, in which:-

Figure 1 is a sectional elevation of a first
embodiment of a turbine casing in accordance with
the present invention;

Figure 2 is a sectional view on the line II-Hl in
Figure 1;

Figure 3 is a sectional view on the line {li-ill
in Figure 1;

Figure 4 is a view similar to Figure 2 of a
second embodiment of the present invention;
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Figure 5 is a sectional elevation of a third
embodiment of the present invention;

Figure 8 is a side view of the partition plate
of a modification of the third embodiment;

Figure 7 is a sectional elevation illustrating
an alternative method of joining the partition wall to
the turbine casing;

Figure 8 is a sectional view on the line Vili-
VIl in Figure 7; and

Figure 9 is a sectional view on the line IX-IX
in Figure 7.

The same reference numerals are used to des-
ignate similar parts throughout the Figures.

Referring firstly to Figures 1 to 3, the turbine
casing 1 is axially divided into two turbine casing
portions 1a and 1b which abut and together define
a peripheral groove on the inner surface of the
casing and are connected together by a weld joint
14. The outer periphery of a partition wall 10 is
received in the groove § and divides the gas pas-
sage 3 into two gas paths 3a and 3b. The partition
wail 10 has a region at which there is the greatest
tendency to crack formation and which has an
angular extent of about 60° measured in the an-
ticlockwise direction from a reference position X
where the angle 9 = 0. This region is formed with
a slit 11a which extends radially outwardly at refer-
ence position X but terminates before the outer
periphery of the partition wall 10, a slit 11b which
extends circumferentially from the outer end of the
slit 11a towards the gas inlet A of the turbine
casing and a slit 11¢ which extends radially out-
ward from the other end of the slit 11b to the outer
periphery of the partition wall 10 at position Y.
Thus, the partition wall 10 is divided into a first
portion adjacent the gas iniet A and a second
portion toward a tongue B (hereinafter referred to
as the gas-inlet wall position and the tongue-side
wall portion, respectively). The gas-inlet wall por-
tion, which may be subjected to a high temperature
difference during the operation of the turbocharger,
is also formed with a slit 12 which extends from the
gas iniet A adjacent and parallel to one side walil of
the inlet passage to the aperture in the partition
wall 10 and an opposing shorter slit 13 which
extends parallel to the slit 12 adjacent the other
side wall of the inlet passage and terminates at the
outer edge of the partition wall 10. The gas-inlet
wall portion may thus be displaced in the directions
indicated by the arrows a and b due to the pres-
ence of the siits 11a, 11b and 11c and in the
direction indicated by the arrow d due to the pres-
ence of the slits 12 and 13. The partition wall 10 is
peripherally clamped by the two turbine casing
portions 1a and 1b and is integrally joined to them
by welding or brazing indicated as 14, so that
relative movement of the periphery of the partition
plate is prevented.
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Extending across the inlet A is a partition wall
receiving member which defines a groove which
slidably accommodates the partition wall 10 and
thus permits movement thereof in the direction d at
the gas inlet A whilst preventing mixing of the gas
flows in the two gas passages. The receiving mem-
ber 15 is not an indispensable element and may be
omitted in some cases.

When gases are introduced through the gas
inlet A of the turbine casing 1, they flow through
the two gas paths 3a and 3b and impinge against
the turbine wheel 9 and cause it to rotate. These
gases are hot and thus cause the interior of the
turbine casing 1 and the partifion wall 10 o be
heated and thus to expand. The turbine casing 1
which is in the form of a spiral, has a complex
pattern of thermal expansion and deformation
whilst the pariition wall 10 is positionally fixed over
substantially all its outer periphery so that differ-
ences in thermal expansion and deformation may
occur between the turbine casing 1 and the parti-
tion wall 10. However, due to the division of the
partition wall 10 into a plurality of portions by the
slits 11a, 11b, 11c, 12 and 13 it can freely expand
in the directions a and b due fo the slits 11a, 11b
and 11c and also in the direction d due to the slits
12 and 13. As a result, the above-mentioned differ-
ences in thermal expansion and deformation can
be accommodated and a concentration of thermal
stresses in the partition wall 10 is avoided. Thus
even when almost the entire periphery of the parti-
tion wall 10 is fixed with respect to the casing no
cracks are produced. -

Figure 4 shows another embodiment of the
invention in which the slit 11a extends to the outer
periphery of the wall 10. A portion of the periphery
of the wall 10 corresponding to the position of the
slit 11b in the embodiment of Figure 1 is cut away
to provide a cutout 10a. The slits 11b and 11c are
thus dispensed with.

The positions of the slits 11a, 11b and 11¢ and
the cutout 10a in the partition wall 10 are not
limited to be within the anguiar range between the
positions X and Y shown in Figure 1. They may, for
instance, be formed at locations within an angular
region from reference position X fo position Z (see
Figure 1), which is substantially midway along the
scrolled or volute portion of the turbine casing and
angularly spaced from the reference position X by
about 60° toward the tongue B. However, the pre-
cise location and size of the slits may be varied in
dependence on the size and configuration of the
turbine casing.

Figure 5 shows a further embodiment in which
the slits 11a, 11b and 11¢ are replaced by a single
slit 11 which extends radially at position Y.

Alternatively, a radial slit 11 rriay be located at
position Z as shown in Figure 6.
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Thus, the size, number and location of the slits
should be selected in dependence on the thermal
siresses in the partition wall 10 and at least one slit
should be formed within the wide angular range
between the positions Y and Z.

Figures 7 to 9 show one method of joining the
partition wall 10 to the turbine casing 1. The parti-
tion wall 10 has a slit 11, as in the embodiment of
Figure 5, and the slit 13 has been replaced by a
cutout aperture in the peripheral edge at a similar
position. The edge of the partition 10 within the
turbine chamber is castellated, that is to say pro-
vided with spaced projections 17 separated by
recesses or cufouts 16. The partition wall is joined
to the turbine casing 1 at the projections 17 by
welding.

Such a method of joining the partition wall to
the casing will decrease the degree of fixing or
restraint of the partition wall 10 by the turbine
casing 1 without any adverse effect on the secure
mounting of the former and will increase the free-
dom of the partition wall 10 to deform, thereby
resulting in a further reduction in the production of
thermal stresses.

In the embodiment of Figure 7, the pariition
wall 10 is not welded at the gas inlet A. However, it
is to be understood that it may be welded to the

“gas inlet A since in this case this does not unac-

ceptably impair the ability of the partition wall 10 to
expand.

Claims

1. A turbine casing (1) for a turbocharger defin-
ing a volute gas passage (3) and including at least
one partition wall (10} which divides the gas pas-
sage into a plurality of gas paihs (3a,3b) axially of
the turbine axis, the outer periphery of partition wall
(10) being substantially rigidly connected to the
turbine casing (1) characterised in that the partition
wall is divided into at ieast fwo portions by at least
one slit (11a,11b,11c;11).

2. A turbine casing as claimed in claim 1 in
which the partition wall has an aperture for accom-
modating a turbine characterised in that the siit
(11a,11b,11c;11) exiends between the said aper-
ture and the outer edge of the partition wail.

3. A turbine casing as claimed in claim 1 or
claim 2 characterised in that the slit (11) extends
substantially radially with respect to the turbine
axis.

4. A turbine casing as claimed in claim 2
characterised in that the slit comprises a portion
(11a) which extends substantially radially with re-
spect to the. turbine axis, a portion (11b) which
extends circumferentially and a further portion
(11c) which extends substantially radially.
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5. A turbine casing as claimed in any one of
the preceding claims characterised in that the siit
(11a,11b,11¢;11) is situated within an angular range
which is measured from a datum line (X), the
datum line extending from the turbine axis parallel 5
to the direction in which gases flow into the pas-
sage (3) through the inlet (A), the said angular
range extending from a position (Y) about 60°
towards the inlet (A) from the datum line (X) to a
position (Z) about 60° away from the inlet (A) from 10
the datum line (X).

6. A turbine casing as claimed in any one of
claims 2 to 5 characterised by a further slit (12)
which extends from the inlet (A) to the gas passage
(3) substantially parallel to the direction in which 15
gases flow through the inlet (A) and terminates at
the said aperture for accommodating a turbine.

7. A turbine casing as claimed in any one of
claims 2 to 6 characterised by a further slit (13)
which extends from the inlet (A) to the gas passage 20
(3) substantially parallel to the direction in which
gases flow through the inlet (A) and terminates at
the outer periphery of the partition wail (10).

8. A turbine casing as claimed in any one of
the preceding claims characterised in that at least 25
the major part of the outer periphery of the partition
wail (10) is provided with a plurality of spaced
projections (17) separated by recesses (16) and
that the projections (17) are substantially rigidly
connected to the turbine casing (1). 30

9. A turbocharger characterised by a turbine
casing (1) as claimed in any one of the preceding
claims.
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