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(54) Internal-combustion engine
with exhaust gas turbocharger

(67) In an arrangement for supply of
exhaust gases from a multicylinder
internal-combustion engine to the
rotor of a centripetal turbine of an
exhaust gas turbocharger, the tur-
bine housing is formed with three
adjacent passages 34, 36, 38 lead-
ing to the rotor, there being a line
system connecting the engine to
the turbine housing and including a
first exhaust gas line 26 connected
to half of the cylinders of the en-
gine, and a second exhaust gas line
28 connected to the other half of

the cylinders of the engine, the first
exhaust gas line 26 being con-
nected to the middle passage 34 of
the three adjacent passages, and
the second exhaust gas line 28 be-
ing connected by respective branch
lines 284, 28b to the outer pas-
sages 36, 38 of the three adjacent
passages.
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SPECIFICATION

Feed of the exhaust gases from an internal-
combustion engine to the rotor of a centri-
petal turbine of an exhaust gas turbochar-
ger

The invention relates to the feed of exhaust
gases from an internal-combustion engine to
the rotor of a centrpetal turbine of an exhaust
gas turbocharger having a manifold or line
system connecting the turbine housing to the
engine, the turbine housing having three out-
lets leading radially toward the rotor.

The turbines of exhaust gas turbochargers
operate to convert, to the greatest extent
possible, pressure energy, velocity energy and
thermal energy contained in the exhaust gas
of the engine into torque at the turbine shaft,
in order to compress the charging air of the
engine by means of a radial compressor wheel
provided on the same shaft. To this end, two
exhaust gas lines are often brought from the
cylinders of the engine to the spiral housing
of the turbine, one group of cylinders, respec-
tively, always being connected to an exhaust
gas line in accordance with the firing se-
quence of the engine. To utilize the energy
contained in the exhaust gas optimally, each
of the two exhaust gas flows should be con-
ducted to the inlet of the turbine wheel with
as little influence as possible being exerted
thereon by the other. This should primarily
avoid backfiring of the exhaust gas flow of
either exhaust gas line, which arrives at the
turbine and pulsates in dependence upon the
times of the exhaust valves, into the other of
the exhaust gas lines when no appreciable gas
flow is flowing in the other exhaust gas line at
the same time. The exhaust gas pulses should
strike the turbine blades with full kinetic en-
ergy and, therefore, they must not encounter
a large connected-line volume.

Two basically different attempts for solving
the problem of maintaining separation of the
exhaust gas flows up to the inlet of the
turbine wheel have become known heretofore:

From German Published Non-prosecuted
Application DE-OS 2 653 505, a twin-flow
housing is known, wherein the spiral turbine
housing is divided by a partition, which ends
at a distance from the turbine wheel inlet, into
a first exhaust gas line and a second exhaust
gas line. The exhaust gas pulse coming alter-
natingly from the first and the second exhaust
gas line, respectively, impacts the entire width
of the turbine wheel inlet and has a respective
axial component; the axial components of the
exhaust gas pulses of the first and the second
exhaust gas line, respectively, have the same
magnitude, but different direction.

From German Published Non-prosecuted
Application DE-OS 2 230 718, a dual-flow
housing is known, wherein the exhaust gas
flows coming from the two exhaust lines,

respectively, act upon the entire width of the
turbine wheel inlet but, respectively, only over
half the periphery of the turbine wheel.

Neither solution is satisfactory, however.

In the case of the twin-flow housing, cycli-
cal variations of the axial thrust are produced
by the alternating manner in which the tur-
bine wheel inlet is acted upon from different
directions, which can cause instability of the

75 lubricating oil film and consequent failure of
the axial shaft bearing. Furthermore, the axial
directional components of the exhaust gas
flows do not contribute to driving the rotor
and are therefore lost insofar as the balance of

80 energy is concerned.

In the case of the dual-flow housing, the
effects of the pulsating flow impinging upon
half the rotor periphery are even less favor-
able. In this case, damage can occur at the

85 directly affected radial bearings and by excita-
tion of blade vibrations.

Starting from a twin-flow housing, it is an
object of the invention to provide an exhaust-
gas feed of the foregoing general type which

90 avoids cyclic variations of the axial thrust and
reduces the axial directional components of
the exhaust gas flows entering the rotor and
thereby, to improve the efficiency of such a
feed.

95  With the foregoing and other objects in
view, there is provided, in accordance with
the invention, a feed for exhaust gases from a
multicylinder internal-combustion engine to a
rotor of a centripetal turbine of an exhaust gas

100 turbocharger, the turbine having a housing
formed with three adjacent outlets radially
leading to the rotor, including a line system
connecting the engine to the turbine housing
and including a first exhaust gas line con-

105 nected to substantially half of the cylinders of
the engine, and a second exhaust gas line
connected to the other half substantially of the
cylinders of the engine, the first exhaust gas
line being connected to the middie outlet of

110 the three adjacent outlets, and the second
exhaust gas line being connected by respec-
tive branch lines to the two outer outlets of
the three adjacent outlets.

German Petty Patent No. 1 949 484 dis-

115 closes a housing of an exhaust gas turbochar-
ger with three outlets facing towards the ro-
tor. While such an exhaust gas turbocharger
may have some features in common with the
exhaust gas turbocharger according to the

120 invention, it differs basically in that three
exhaust gas lines coming from the cylinders of
the internal-combustion engine are coordi-
nated or associated with the three outlets of
the housing. In the embodiment of the inven-

125 tion, on the other hand, only two exhaust gas
lines are provided, of which one exhaust gas
line is connected to the two outer outlets of
the turbine housing. In the operation of an
exhaust gas turbocharger equipped with such

130 a housing, exhaust pulses are applied, on the

70
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one hand, simultaneously from the two outer
outlets and, on the other hand, from the
middle outlet alternatingly to or against the
periphery of the rotor, so that no cyclic varia-

5 tions of the axial thrust can occur, and the
lubrication problems described at the introduc-
tion hereto are avoided.

In addition, the exhaust gas pulses hitting
the periphery of the rotor from the central

10 outlet have no axial-direction component;
such axial-direction components exist only in
the exhaust gas flows which come from the
two outer outlets of the housing acted upon
by the same exhaust gas flow, and impact the

15 periphary of the turbine rotor. Due to the

simultaneous inflow to the turbine wheel from

the two outer outlets, the axial-direction com-
ponents counteract each other, thereby con-
tributing to the stabilization of the flow and
effecting an inflow to the turbine wheel simi-
far to the middle outlet. Overall, the axial-
direction components of the exhaust gas flows
are thus reduced, which results in an improve-
ment in efficiency.

25  In accordance with another feature of the
invention and for aerodynamic reasons, the
cross-section variations and the division of the
second exhaust gas line into two branch or
partial branch lines occur or are located ad-

30 vantageously in the region hetween the inlet
of the turbine housing and the start of the
spiral part of the turbine housing.

The subdivision or transition of the one
exhaust gas line into two branch or partial

35 lines is provided within the line system con-

necting the cylinders of the engine to the

“turbine housing. [t is advantageous, however,

to bring these two exhaust gas lines up to the
turbine housing. Furthermore, in accordance
with an added feature of the invention, the
turbine housing has two inlets having a di-
mension in axial direction of the exhaust gas
turhbocharger which is greater than in & direc-
tion perpendicular to the axial direction, i.e. in

45 radial direction, one of the inlets being con-
nected to the first exhaust gas line and being
located at the outside of the turbine housing,
the secand exhaust gas line branching into
the branch lines thereof within the turbine

50 housing. Such a construction has the advan-
tage that the housing can be interchanged
with conventional housings and that the man-
ufacturer of the exhaust gas turbocharger per
se can combine, in the housing of the exhaust

55 gas turbocharger, all measures or features
which are necessary for dividing the one ex-
haust gas line into two partial or branch lines
and for feeding the then three exhaust gas
flows to the three outlets of the turbine hous-

60 ing.

The transition from the two inlets of the
turbine housing to the three outlets to the
rator inlet is effected within the turbine hous-
ing, in accordance with a concomitant feature

65 aof the invention, by providing the first exhaust

20

40

gas line with a flow cross section decreasing
in axial dimension with increasing distance
thereof from the inlet of the turbine housing,
and increasing in radial dimension with in-

70 creasing distance thereof from the inlets so as
to assume a generally triangular cross section,
and the second exhaust gas line has a flow
cross section in the middle thereof, whereat
the radial dimension of the cross section of

75 the first exhaust-gas line increases, which
reduces to a constriction with increasing dis-
tance from the inlets of the turbine housing,
so as to form the two branch lines.

Other features which are considered as

80 characteristic for the invention are set forth in
the appended claims.

Although the invention is illustrated and
described herein as embodied in a feed of the
exhaust gases from an internal-combustion

85 engine to the rotor of a centripetal turbine of
an exhaust gas turbocharger, it is nevertheless
not intended to be limited to the details
shown, since various modifications and struc-
tural changes may be made therein without

90 departing from the spirit of the invention and
within the scope and range of equivalents of
the claims.

The construction and method of operation
of the invention, however, together with addi-

95 tional objects and advantages thereof will be
best understood from the following descrip-
tion of specific embodiments when read in
connection with the accompanying drawings,
in which:

100  Figure 1is a diagrammatic view of the
cylinders of an internal-combustion engine co-
ordinated with the two inlets of a turbine
housing;

Figure 2 is a diagrammatic, partly sectional,

105 view of the turbine housing;

Figure 3'is an elevational view of the tur-
bine housing at the inlet end thereof located
in the vertical plane lli-Ill in Fig. 2; and

Figures 4 to 8 are cross-sectional views of

110 Fig. 2 taken along the lines IV-IV to VIIi-VIil,
respectively, in direction of the arrows.

Referring now to the drawings and first,
particularly, to Fig. 1 thereof, there are shown
diagrammatically cylinders 2, 4, 6, 8, 10, 12,

115 14, 16, 18, 20, 22 and 24 of an internal-
combustion engine. The cylinders 2, 4, 6, 8,
10 and 12 are connected to a first exhaust
gas line 26, and the cylinders 14, 16, 18,
20, 22 and 24 to a second exhaust gas line

120 28.

In Fig. 2, the partly sectioned turbine hous-
ing is shown as viewed in axial direction.

Fig. 3 is an elevational view of the inlet
connection tube or union of the turbine hous-

125 ing in the plane llI-IIl of Fig. 2 showing the
two housing inlets 30 and 32.

From the cross-sectional view of Fig. 4
taken alang the line IV-IV in Fig. 2, it is
apparent that in the illustrated cross-sectional

130 plane of the inlet union of the turbine hous-
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ing, the first exhaust gas line 26 has become
enlarged somewhat in radial direction while
the second.exhaust gas line 28 has become
smaller correspondingly.

In the following cross-sectional plane taken
along the line V-V in Fig. 2 and shown in
Fig. 5, further radial enlargement of the first
exhaust gas line 26 has occurred at the
expense of the second exhaust gas line 28; on
the other hand, the axial extent or dimension
of the first exhaust gas line 26 has decreased
and the radial dimension of the second ex-
haust gas line 28 has increased to the right
and left-hand sides, as shown in Fig. 5, so
that the second exhaust gas line 28 is formed
with wings at the right-hand and left-hand
sides thereof, as viewed in Fig. 5, which tend
to envelop or extend around the first exhaust
gas line 26.

According to Fig. 6, which is a cross-
sectional view of Fig. 2 taken along the line
VI-VI in direction of the arrows, the first
exhaust gas line 26 has assumed a cross-
sectional shape of a triangle with acute angles
whereas the second exhaust gas line 28 has
gone over or branched into two separate lines
28aand 28b.

Fig. 7 shows a cross-sectional view of Fig.
2 taken along the line VII-VII in direction of
the arrows, the cross-sectional plane being
immediately forward of the outlet of the tur-
bine housing in direction toward the rotor
inlet. It is readily apparent that, at the cross-
sectional plane viewed in Fig. 7, the three
lines 26, 28a and 28 b have respective radial
dimensions that are almost equal.

Fig. 8, which is a cross-sectional view of
Fig. 2 taken along the line VIII-VIHI in direc-
tion of the arrows, finally shows the outlet of
the turbine housing as viewed in direction
toward the non-illustrated rotor. The outlet 34
shown in the middle of Fig. 8 is associated
with the first exhaust gas line 26, while the
other two outlets 36 and 38 are associated
with the second exhaust gas line 28 and form
the mouths, respectively, of the two branch-
ing lines 28a and 28 b of the second exhaust
gas line 28. ’

CLAIMS

1. Feed for exhaust gases from a multicyl-
inder internal-combustion engine to a rotor of
a centripetal turbine of an exhaust gas turbo-
charger, the turbine having a housing formed
with three adjacent outlets radially leading to
the rotor, comprising a line system connecting
the engine to the turbine housing and includ-
ing a first exhaust gas line connected to
substantially half of the cylinders of the en-
gine, and a second exhaust gas line con-
nected to the other half substantially of the
cylinders of the engine, said first exhaust gas
line being connected to the middle outlet of
said three adjacent outlets, and said second
exhaust gas line being connected by respec-

tive branch lines to the two outer outlets of
said three adjacent outlets.

2. Feed according to claim 1, wherein
said turbine housing has a sprial housing part

70 and is formed with inlet means, said second
exhaust gas line branching into said two )
branch lines thereof at a location between said
turbine inlet means and a beginning of said
spiral housing part.

75 3. Feed according to claim 1 or 2,
wherein said turbine housing inlet means
comprise two inlets, said inlets having a di-
mension in axial direction of the exhaust gas
turbocharger which is greater than in a direc-

80 tion perpendicular to said axial direction, i.e.

in radial direction, one of said inlets being

connected to said first exhaust gas line and
being located at the outside of said turbine
housing, said second exhaust gas line branch-
ing into said branch lines thereof within said
turbine housing.

4. Feed according to claim 3, wherein
said first exhaust gas line has a flow cross
section decreasing in axial dimension with

90 increasing distance thereof from said inlet
means of said turbine housing, and increasing
in radial dimension with increasing distance
thereof from said inlet means so as to assume
a generally triangular cross section, and said

95 second exhaust gas line has a flow cross
section in the middle thereof, whereat said
radial dimension of the cross section of said
first exhaust gas line increases, which reduces
to a constriction with increasing distance from

100 said inlet means of said turbine housing, so as

to form said two branch lines.

5. Feed for exhaust gases from a multicyl-
inder internal-combustion engine to a rotor of
a centripetal turbine of an exhaust gas turbo-
charger, constructed and arranged substan-
tially as hereinbefore described with reference
to and as illustrated by the accompanying
drawings.
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