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(54) Two-stage l. C. engine
turbocharging

(57) Compressed air from a tank 17,
charged by an engine driven

“compressor 15 or by the compressor

5 (Figure 7) is fed into the exhaust gas
upstream of the turbine 4 in response
to predetermined accelerator pedal
depression.
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SPECIFICATION
Turbocharging

This invention relates to the turbocharging of
internal combustion engines.

It has previously been suggested to employ
two-stage turbocharging for increasing the engine
power of internal combustion engines. However,
we have found that the response of turbochargers
in two-stage turbocharging to the acceleration of
the engine is not good. This is especially so during
low engine speeds. Previous attempts to solve
this problem have not in our view been
satisfactory.

In accordance with a first aspect of the present
invention, there is provided a two-stage
turbocharging system for an internal combustion
engine, comprising: a first turbocharger having a
first turbine and a first compressor, said first
turbine being arranged for connection on its input
side with said engine and said first compressor
being arranged for connection on its output side
with said engine; a second turbocharger having a
second turbine and a second compressor, said
second turbine being connected on its input side
with the output side of said first turbine and said
second compressor being connected on its output
side with the input side of said first compressor;
and an air tank containing compressed air therein
connected on its output side with the input side of
said first turbine.

In a second and alternative aspect of this
invention, we provide a turbocharged internal
combustin engine, provided with a first
turbocharger having a first turbine and a first
compressor, said first turbine being connected on
its input side with said engine and said first
compressor being connected on its output side
with said engine; a second turbocharger having a
second turbine and a second compressor, said
second turbine being connected on its input side
with the output side of said first turbine and said
second compressor being connected on its output
side with the input side of said first compressor;
and an air tank containing compressed air therein
connected on its output side with the input side of
said first turbine.

in one arrangement described below, the air
tank is connected with a third compressor driven
directly by the engine. In another arrangement,
also described below, instead of providing a third
compressor, the air tank is connected with the
output side of the first compressor.

In the accompanying drawings:—

Fig. 1 is a schematic illustration of a two-stage
turbocharging system according to the present
invention;

Fig. 2 is a graph plotting gas expansion ratio at
a turbine against time elapsed wherein solid line
represents the turbocharging system of the
present invention and dotted line denotes a
typical prior art system;

Fig. 3 is a graph plotting number of revolutions
of a turbocharger against time elapsed;
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Fig. 4 is a graph plotting turbocharged pressure
against time elapsed;

Fig. 5 is a graph plotting number of revolutions
of the engine against time elapsed;

Fig. 6 is a graph plotting pressure in the air
tank against time elapsed; and

Fig. 7 is similar to Fig. 1 but showing another
embodiment of the present invention.

The present invention will now be described in
detail below with reference to the accompanying
drawings.

Reference numeral 1 denotes an engine, 2 a
first turbocharger, 3 a second turbocharger for
turbocharging the engine. The first turbocharger 2
comprises a high pressure turbine 4 and a
compressor 5 both mounted on a common shaft
6. The second turbocharger 3 comprises a low
pressure turbine 7 and a compressor 8 both
mounted on common shaft 9. Exhaust gas from
the engine 1 is introduced through a first exhaust
pipe 10 into the input side of the high pressure
turbine 4 thereby rotating the latter. After driving
the high pressure turbine 4, pressure reduced
exhaust gas is expelled from the high pressure
turbine 4 and is introduced into the input side of
the low pressure turbine 7 through a second
exhaust pipe 11 thereby rotating the low pressure
turbine 7. The output side of the low pressure
turbine is open to the atmosphere.

As the compressor 8 is driven by the low
pressure turbine 7, fresh air introduced from the
atmosphere is compressed thereby and the
compressed air is introduced through a first
induction pipe 12 into the compressor 5 where
the air is further compressed and is supplied
through a second induction pipe 13 to the
induction side of the engine 1.

Mounted adjacent to the engine 1 is another
compressor 15 which is connected to and driven
by a crankshaft of the engine. The output side of
the compressor 15 is connected through a
conduit 16 with an air tank 17. The output side of
the air tank 17 is connected through a conduit 18
with the input side of the high pressure turbine 4,
such as the first exhaust pipe 10 as shown or a
turbine casing of the turbine 4. Disposed in the
conduit 18 is a solenoid-operated valve 19 which
is normally closed and is opened when its
solenoid is energized. A switch 20 is disposed in
an electric circuit 21 of the solenoid-operated
valve 19. The switch 20 is adapted to be closed
when an acceleration pedal is depressed to a
predetermined extent.

In operation, compressed air supplied from the
compressor 15 is stored in the air tank 17 and is
introduced or injected into the input side of the
high pressure turbine 4 only when the
acceleration pedal is depressed to a
predetermined extent. As a result, performance
curves of the two-stage turbocharging system of
the present invention are improved as shown in
solid lines in Figs. 2 to 5 as compared with a
typical two-stage turbocharging of a prior art
system shown in dotted lines. It will be

" appreciated when observing Fig. 6 that air
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pressure assist is especially large at the beginning
of the acceleration where response lag of the
turbochargers is particularly large. Therefore, with
air pressure assist from the air tank 17,
acceleration performance of the engine is
improved remarkably.

Referring to Fig. 7 showing another
embodiment of the present invention, a branch
conduit 22 is arranged for interconnecting the
second induction pipe 13 and the air tank 17 and
a check valve 23 is disposed in the conduit 22 for
allowing air flow only from the compressor 5 to
the air tank 17. Therefore in this embodiment,
compressed air is supplied from the compressor 5
to the air tank 17 without additionally providing
the compressor 15 of the embodiment of Fig. 1.
Other constructions of this embodiment are the
same as those of Fig. 1

Claims

1. A two-stage turbocharging system for an
internal combustion engine, comprising: a first
turbocharger having a first turbine and a first
compressor, said first turbine being arranged for
connection on its input side with said engine and
said first compressor being arranged for
connection on its output side with said engine; a
second turbocharger having a second turbine and
a second compressor, said second turbine being
connected on its input side with the output side of
said first turbine and said second compressor
being connected on its output side with the input
side of said first compressor; and an air tank
containing compressed air therein connected on
its output side with the input side of said first
turbine.

2. A two-stage turbocharging system
according to Claim 1, further comprising a third
compressor adapted to be driven directly by said
engine and wherein said tank is connected on its
input side with said third compressor.
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3. A two-stage turbocharging system
according to Claim 1, further comprising first
conduit means for connecting the output side of
said first compressor with said air tank, and check
valve means disposed in said first conduit means
for allowing air flow only from said first
compressor to said air tank.

4. A two-stage turbocharging system for an
internal combustion engine according to Claims
2 or 3 further comprising conduit means for
connecting the output side of said air tank with
the input side of said first turbine, valve means
disposed in said conduit means for opening and
closing the same, and means adapted to be
actuated by the depression of an acceleration
pedal for opening said valve means.

5. For an internal combustion engine, a two-
stage turbocharging system substantially as
hereinbefore described with reference to and as
shown in the accompanying drawings.

6. A turbocharged internal combustion engine,
provided with a first turbocharger having a first
turbine and a first compressor, said first turbine
being connected on its input side with said engine
and said first compressor being connected on its
output side with said engine; a second
turbocharger having a second turbine and a
second compressor, said second turbine being
connected on its input side with the output side of
said first turbine and said second compressor
being connected on its output side with the input
side of said first compressor; and an air tank
containing compressed air therein connected on
its output side with the input side of said first
turbine.

7. A turbocharged internal combustion engine
substantially as hereinbefore described with
reference to and as shown in the accompanying
drawings.
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