
GB 2 065 863 B       1 SPECIFICATION Improvements to supercharged internal
combustion engines, inter alia Diesel engines The invention relates to
supercharged internal combustion engines, more particularly supercharged
Diesel engines, comprising a compressor supplying fresh air for fuel
combustion to the 5 enginer cylinder(s) and to a bypass having an auxiliary
combustion chamber and a turbine which  5 receives the engine cylinder(s)
exhaust gases and the gases from the auxiliary combustion chamber and
mechanically drives the compressor, the bypass being divided into two main
branches, the first of which ends in a dilution or "secondary region"
downstream of the upstream part or "primary region" of the auxiliary
combustion chamber and has an air throttle means having a variable flow
cross-section for 10 throttling the flow of air to the dilution region,
whereas the second branch starts from a place on the    10 first branch
upstream of the first throttle means and opens into the primary region via
a second throttle means for throttling the air flow cross-section, the
second air throttle means comprising coupled passages having a variable
common free cross-section and formed respectively in an internal and
external cylindrical means which are movable relative to one another, one
of the cylindrical means at 16 least pertly bounding the primary region
whereas the other at least partly bounds a cavity directly 15 connected to
the compressor outlet, at least one fuel injector opening Into the primary
region in the immediate neighbourhood of the aforementioned coupled
passages, means being provided for correlative variation of the flow rate
of fuel through the fuel injector or injectors and also of the flow rate of
air entering the primary region via the common free section of the coupled
passages, by moving the 20 inner cylindrical means relative to the outer
means.                                       20 Engines of the
aforementioned kind have been described in U.S. Patent 4 026 115. The
coupled passages or orifices acting as the second throttle means by
aerodynamic valve regulation (or blockage of air streams by partial
alignment of pairs of coupled passases or orifices) have a position
relative to the injector or injectors introducing fuel into the primary
region of the auxiliary combustion chamber and 25 relative to the first
throttle means such that they produce a pressure drop which directly acts
on the  25 coupled passages or orifices. The result, in the primary region,
Is strong turbulence which provides optimum conditions for combustion
irrespective of the extent to which the coupled passages or orifices are
opened, i.e. under all operating conditions of the auxiliary combustion
chamber. This saves fuel and prevents problems being caused by deposits of
soot or coke on the walls of the auxiliary combustion 30 chamber. The
pressure drop can also be used for permanently and efficiently producing
adequate air   30 streams ("film cooling") via at least some of the
constant-section air passages forming part of the second throttle means, so
as inter alia to cool the walls of the primary region of the auxiliary
combustion chamber under all conditions. Note that the inner and outer
cylindrical means, which are generally sleeves, can move relative to 35 one
another in translation or rotation or both, at least one of the inner and
outer cylindrical means being 35 movable. Usually the outer cylindrical
means is stationary whereas the Inner cylindrical means is movable,
preferably in translation. Since the outer cylindrical means is scavenged
by the air supplied by the compressor, the air tends to maintain the outer
cylindrical means at a relatively low, constant temperature. On the other
hand the 40 inner cylindrical means, which at least partly bounds the
primary region of the auxiliary combustion  40 chamber, is brought to a
relatively high temperature which varies with the flow rate of fuel
introduced through the injector or injectors and burnt in the primary
region. The variations in temperature can reach e.g. [err] during
operation. The inner and outer cylindrical means or sleeves are made of a
material (refractory stainless steel) which expands considerably with
temperature (of the order of 2 mm per 45 metre and per [err] temperature
rise).                                                    45 The radial
clearance between the two cylindrical means when cold has to be greatly
increased to prevent them jamming together when hot (i.e. when the inner
cylindrical means is hotter, corresponding to the maximum flow rate of air
and fuel in the primary region). However, during pilot operation of the
auxiliary combustion chamber (minimum flow rate of fuel and air in the
primary region and combustion 50 restricted to the bottom of the chamber),
the inner cylindrical means radially contracts during cooling   50 and
leaves an annular space between its outer wall and the inner wall of the
outer cylindrical means. The cross-section of the space is very large (of
the order of 700 [err] when the diameter of the cylindrical means or
sleeves is about 200 mm, under the aforementioned conditions with regard to
temperature variations and the expansion coefficient). The annular space
allows air to leak. The leakage 55 is in proportion to the supercharging
pressure, since the density of air is related to pressure and the  55
pressure difference between the two sides of the leak cross-section
increases with the supercharging pressure. Now it is precisely under such
high-pressure conditions that the engine is most heavily loaded and must
therefore be most effectively scavenged. No success has hitherto been
obtained in attempts to reduce the aforementioned leak, inter alia by
placing labyrinths at the periphery of the inner 60 cylindrical member.
60 We are therefore faced with the following alternatives: if the radial
clearance Is small, the movable 



cylindrical means will jam against the stationary cylindrical means at the
full flow rate, so that the chamber will unnecessarily be held in the full
flow-rate position (resulting In overheating and fuel waste), or if the
radial clearance is large, the auxiliary combustion chamber leeks during
pilot operation.    2
GB 2 065 863 B .  Z In that case, the first throttle means will be
incapable of controlling the pressure drop between the compressor and
turbine; this will interfere with proper scavenging of the engine at high
power, as already explained, unless the compressor flow rate is increased,
which will have the disadvantage of adversely affecting specific
consumption under partial load. 5      The object of the present invention
is to obviate the disadvantage due to differential expansion of   5 the
inner and outer cylindrical means in the previously-defined internal
combustion engines, while retaining the specific advantages of such
engines. To this end, a supercharged internal combustion engine comprising
a compressor supplying fresh air for fuel combustion to the enginer
cylinder(s) and to a bypass having an auxiliary combustion 10 chamber and a
turbine which receives the engine cylinder(s) exhaust gases and the gases
from the  10 auxiliary combustion chamber and mechanically drives the
compressor, the bypass being divided into two main branches, the first of
which ends in a dilution region or "secondary region" downstream of a
"primary region" of the auxiliary combustion chamber and has a first air
throttle means having a variable flow cross-section for throttling the flow
of air to the dilution region, whereas the second branch starts 15 from a
place on the first branch upstream of the first air throttle means and
opens into the primary  15 region via a second means for throttling the air
flow cross-section, the second air throttle means comprising coupled
passages having a variable common free cross-section. and formed
respectively in. an inner and an outer cylindrical means which are movable
relative to one another, one of the cylindrical means at least partly
bounding the primary region whereas the other at least partly bounds a
cavity 20 directly connected to the compressor outlet, at least one fuel
injector opening into the primary region in  20  2 the immediate
neighbourhood of the aforementioned coupled passages, means being provided
for correlative variation of the flow rate of fuel through the fuel
injector or injectors and also of the flow rate of air entering the primary
region via the common free section of the coupled passages, by moving the
inner cylindrical means relative to the outer means, in which engine; the
second air throttle means also 25 has cylindrical passages in parallel with
the aforementioned coupled passages; the inner and outer  25 cylindrical
means have radial dimensions such that, allowing for the thermal expansion
coefficients of the material of which they are formed and their upper and
lower operating temperatures, the radial clearance between them is always
sufficient to prevent any lateral contact between the cylindrical means
irrespective of the operating conditions of the auxiliary combustion
chamber; and a third air 30 throttle means having a variable flow section
is mounted upstream or at the coupled passages of the   30  3 second
throttle means, depending on the direction in which the air flows in the
second branch of the bypass, and is actuated so that: (a) the minimum flow
section thereof is zero and (b) irrespective of the amounts to which the
second and third throttle means are instantaneously opened, the flow
section of the third throttle means is always either zero or much greater
than the free section of the coupled 35 passages of the second throttle
means.                                          .        35          3 It
is important that the third throttle means do not come into operation until
after the second throttle means, since otherwise the pressure drop to be
produced in the second branch of the bypass will occur at the third
throttle means instead of at the coupled passages or orifices. This will
prevent the radial air streams from entering the primary region and will
consequently prevent turbulence assisting 40 combustion in the
aforementioned region; it will also "dislodge" the flame from the end of
the primary   40  4C region. Note that a permanent radial clearance between
the two cylindrical means does not prevent air flowing through their
coupled passages when they are at least partially aligned; its only effect
is to deflect some of the air towards the secondary region via the annular
space between the two cylindrical means. 45      Although the first
throttle means can be manually actuated, it is advantageous to design them
so   45 that they are capable of producing a pressure drop which is
substantially independent of the ratio of the air flow rate in the bypass
to the total flow rate of air delivered by the compressor but varies in the
same direction as the pressure upstream of the first throttle means. This
results in automatic operation adapted to all engine operating conditions.
50      Whether the first throttle means are automatic or not, the ratio of
the flow section of the first  50  50 throttle means (if not zero) to the
free section of the coupled passages of the second throttle means should
preferably remain above 5 in all their respective instantaneous positions.
This ensures that the pressure drop in the second branch of the bypass
always occurs at the second throttle means and not at the third throttle
means. 55      In an advantageous embodiment, the third throttle means
comprise an annular closure element    55 



mounted on one of the cylindrical means combined with a seat secured to the
other cylindrical means and co-operating with the annular element, the
diameter of the seat being much greater than the respective diameters of
the cylindrical means. Alternatively, the third throttle means can comprise
an annular closure element identical with the free end of the outer
cylindrical means combined with a seat 60 secured to the inner cylindrical
means and co-operating with the free end, the seat being disposed in the 60
immediate neighbourhood of the coupled passages. The aforementioned
embodiment and variant have. a particularly simple construction and enable
the seat to co-operate with the annular closure means irrespective of the
temperature and expansion of the two cylindrical means.
60 65      The constant-section passages forming part of the second
throttle means can communicate,  65    3
GB 2 065 863 B       3 either directly or via third throttle means, with
the cavity connected to the compressor outlet. The invention will be more
clearly understood from the following description and accompanying
drawings, the description and drawings relating to the prior art and to
various embodiments of the invention. 5     In the drawings:
5 FIGURE 1 is a diagrammatic section through a known internal combustion
engine; FIGURE 2 is a view in section on a larger scale of the auxiliary
combustion chamber of the engine in Figure 1; FIGURE 3 diagrammatically
shows the distribution of the air flows in the engine in Figure 1; 10
FIGURE 4 is a diagrammatic axial section at the auxiliary combustion
chamber through an internal  10 combustion engine according to a first
embodiment of the invention, the rest of the engine being similar to Figure
1; FIGURE 5 is a larger-scale view of a pair of coupled orifices forming
part of the second throttle means of the embodiment in Figure 4, and 15
FIGURES 6 to 12 each show a variant of the embodiment in Figure 4.
15 Before describing the invention, we must recall the prior art as
disclosed in the aforementioned U.S. Patent 4 026 115. The accompanying
Figure 1 corresponds to Figure 7 of the aforementioned specification but
has been added to as appropriate. Figure 1 shows a known internal
combustion engine 1 comprising a compressor 2 supplying fresh 20 air to
engine 1 via a delivery pipe 4 equipped with a supercharging air cooler 41
and in parallel via a    20 bypass 5 equipped with an auxiliary combustion
chamber 6. Engine 1 also has a turbine 3 which receives the exhaust gases
from engine 1 (via an exhaust pipe 8) and the gases from the auxiliary
combustion chamber 6 and mechanically drives compressor 2, generally via a
shaft 9. The auxiliary combustion chamber 6 is divided, in the downstream
direction, into a primary region 10 and a 25 secondary or dilution region
11.                                                      25 The bypass 5 is
divided into two principal branches 5a and 5b. Branch 5a terminates in the
secondary region 11 and has first variable flow-section throttle means 1 2.
Preferably, means 12 is capable of maintaining a pressure drop which is
practically independent of the ratio of the air flow rate into bypass 5 to
the total flow rate of air delivered by compressor 2 but varies in the same
direction as 30 the pressure upstream of means 12. The second branch 5b
starts from a place on the first branch 5a    30 upstream of the first
throttle means 12 and opens into the primary region 10 via second means 13
for throttling the flow cross-section. As shown in Figure 2, the second
throttle means 13 has an orifice 14 in a cylindrical inner sleeve 16 at
least partly bounding the primary region 10, coupled with an orifice 15
formed in an outer 35 cylindrical sleeve 17 which at least partly bounds a
cavity 32 directly connected to the outlet of  35 compressor 2. In the
embodiment in Figures 1 and 2, cavity 32 .comprises that part of delivery
pipe 4 which surrounds the outer cylindrical sleeve 17. A fuel injector 18
(in Figure 2) or a number of fuel injectors (in Figure 12 described
hereinafter) opens or open into the primary region 10 in the immediate
neighbourhood of orifices 14 and 15. 40      Means is provided for
correspondingly varying the flow rate of the fuel injector or injectors 18
and 40 the flow rate of air entering the primary region 10 via the common
free section of orifices 14 and 15, by moving sleeves 16 and 17 relative to
one another. In the embodiment in Figure 1, the bypass 5 is bounded by a
tank 7 which is separated from the delivery pipe 4 by a partition 19
downstream of which the branch 5a is formed. Partition 19 is formed 45 with
a hole having edges forming a seat 20 co-operating with a closure disc 21
downstream of the seat. 45 Disc 21 is secured to a balancing piston 22
which extends through seat 20 and, via sealing means 23, the wall of the
delivery pipe 4. Disc 21 and piston 22, which constitute the first throttle
means 12, are in equilibrium under the action of a reference pressure [err]
on the cross-section of piston 22 at its top or 



outer part, and the pressure upstream (P2) and downstream [err] of disc 21,
the last-mentioned two 50 pressures being exerted on the top and bottom
surface of disc 21 respectively. If required, a return  50 spring (not
shown) can act on piston 22. If s is the cross-section of piston 22 and S
is the surface of disc 21, the value of the rated relative pressure drop is
given by the following formula, which expresses the equilibrium conditions
of disc 21 (in the absence of the aforementioned return spring): 55      As
can be seen, the first throttle means 12, comprising disc 21, is capable of
maintaining a pressure drop [err] which is practically independent of the
ratio of the air flow rate in bypass 5 to the air flow delivered by
compressor 2 but varies in the same direction as the pressure P2 upstream
of means 12. Means 12 may incidentally be replaced by equivalent means,
some examples of which have been described in the aforementioned U.S.
Patent 4 026 115. 60      In the embodiment of Figures 1 and 2, the means
for correspondingly varying the flow rate of the 60 injector or injectors
18 and the flow rate of air entering the primary region 10 is constructed
as follows.    4
GB 2 065 863 B    4 The outer sleeve 1 7-is stationary relative to the
delivery pipe 4 whereas the inner sleeve 16, which is blocked at one side
by an end 24, can move In translation. The space 28 between end 24 and a
stationary wall 26 is connected by relatively large orifices 29 to the
delivery pipe 4. A cylinder 34 secured to end 24 extends through wall 26
via sealing means 35 enabling cylinder 5 34 to slide. A fuel delivery pipe
system 36 ends in a chamber 37 borne by wall 26; chamber 37  5 communicates
with cylinder 34 via an orifice 38 extending through one of the cylinder
walls. The opposite wall of cylinder 34 forms part of end 24 and bears
injector 18. A stationary needle valve 39 co- operates with orifice 38 so
as to increase Its cross-section in proportion as end 24 moves away from
the stationary wall 26. 10      The pressure of fuel on cylinder 34 tends
to push the inner sleeve 16 to the right in Figure 2. i.e. to  10 open wide
the common free section of orifices 14, 15 simultaneously and orifice 38,
thus producing the full flow rate of air and fuel in the auxiliary
combustion chamber 6. If the energy in front of turbine 3 increases, the
pressure [err] on the right surface (in Figure 2) of end 24 Increases and
drives the inner sleeve 16 back until the hydraulic force (i.e. fuel
pressure) exerted on sleeve 16 balances the pneumatic 15 force exerted
thereon. Regulation is therefore automatic.
15 In short, the aforementioned methods efficiently produce corresponding
variations In the flow rate of fuel In Injector 18 and the flow rate of air
entering the primary region 10 via the common free section of the coupled
orifices 14 and 15. The aforementioned means may also be replaced by
equivalent means, some examples of which have been described in the
aforementioned U.S. Patent 4 026 115. 20      Finally, end 24 is formed
with calibrated orifices 40 and 33 which respectively cool the walls of
20 the primary region 10 of the auxiliary combustion chamber 6 under all
conditions and supply combustive air during pilot operation. Orifices 40
and 33, which have not been mentioned in U.S. Patent 4 026 115, constitute
the aforementioned constant-section passages and are In parallel with the
coupled orifices 14 and 15 forming part of the second throttle means 13. 25
Sleeve 1 7 is matched to the delivery pipe 4 so that orifices 1 5 and 29
open in pipe 4. Sleeve 1 7 is  25 prolonged by a pipe 42 which bounds the
secondary region 11 and extends through tank 7. The engine exhaust pipe 8
opens into pipe 42 via a convergent means or mixer 27. Orifices 43 formed
In pipe 42 inside tank 7 Interconnect the downstream parts of branches 5a
and 5b. An end pipe 44 connects mixer 27 to turbine 3 so that the latter
can receive the engine exhaust gases and the combustion gases from 30
chamber 6.
30 The resulting internal combustion engine operates in the following
general manner: The air delivered by compressor 2 divides into two streams,
i.e. the air travelling through engine 1 and the remaining flow, which
rejoins turbine 3 via the bypass 5. The remaining flow is also divided into
two, i.e. a first part which supplies the primary region 10 via the coupled
orifices 14 and 15 preferably in 35 stoichiometric proportion with the fuel
Introduced through the injector or injectors 18, and a second  35 part
which enters the secondary region 11 via transverse air streams admitted
through orifices 43, the second part of the remaining flow having
previously travelled through the first throttle means 12 and diluted the
very hot combustion gases coming from the primary region 10. When engine 1
accelerates, there Is an Increase in the flow rate of air through it and a
decrease in 40 the remaining or complementary flow rate In the bypass 5. As
a result, the first throttle means 12  40 gradually closes and
progressively reduces the flow rate of air admitted Into the secondary
region 11. The air admitted into the primary region 10 is at a flow rate
which depends only on pressure and consequently on the load on engine 1
(not on Its speed) and therefore continues to support combustion in region
10 under substantially stoichiometric conditions. The dilution (i.e.
cooling) of the very hot 45 gases from region 10 is at least partly
maintained by the secondary air (orifices 43) and increasingly by   45 the
exhaust gases from engine 1 at mixer 27. The distance between orifices 43
and mixer 27 must 



therefore be as short as possible, to avoid overheating the part of the
connecting pipe 42 downstream of orifices 43. Since the air travelling
through the primary region 10 is taken from upstream of the first throttle
50 means 12, the pressure drop occurring during transit through orifices 14
and 15 is always maintained   50 irrespective of the engine speed, owing to
the presence of the first throttle means 12. Consequently, the air streams
entering the primary region 1 0 through the common free section of orifices
14 and 15 always, irrespective of the operating conditions of chamber 6,
have sufficient speed and penetration to maintain the amount of turbulence
required for burning the fuel introduced through injector or injectors 55
18.
55 Figure 3 is a diagram showing how the air supplied by compressor 2 is
distributed. Let Q2 be the flow rate (in weight per time unit) of air
delivered by compressor 2. Engine 1 absorbs a part [err] whereas the rest
[err] travels along bypass 5. Next, the flow rate [err] is distributed into
a rate [err] admitted into the secondary region 11 of combustion chamber 6
via throttle means 12 (i.e. dilution air), 60 a flow rate [err] admitted
into the primary region 10 via the throttle means 13 and a flow rate [err]
60 admitted via orifices 40,33 at the end of chamber 6. [err] depends on
the operating conditions of engine 1 and the supercharging pressure
produced by compressor 2. The relative pressure drop between compressor 2
and turbine 3 varies in accordance with the previously-given formula. If
there are any discrepancies in operation they may be caused by the 65
following:
65    5
GB 2 065 863 B        5 1. The real relative pressure drop is below the
rated relative pressure drop: (a) The first throttle means 12 is closed
normally; the flow rate [err] of compressor 2 is insufficient (engine 1
takes in too much air); the uncontrolled fraction of flow [err] is too
large; (b) The first throttle means 12 is jammed in the open position. 5
2. The real relative pressure drop is greater than the rated relative
pressure drop:  5 The first throttle means 12 is wide open and the
interfering pressure drops in bypass 5 are excessive. In short, a leak via
branch 5a of chamber 6 during pilot operation, at a given compressor flow
rate [err] and an engine flow rate [err], reduces the flow rate through the
first throttle means 12. 10      Consequently, as briefly set out in the
introductory part of this description,       10 (1) Either the flow rate of
compressor 2 is increased (but this adversely affects the specific
consumption under partial load) or (2) The flow rate through the first
throttle means 12 is insufficient. This occurs at the maximum power, where
the ratio of the flow rate [err] at engine 1 to the flow rate 15   [err]
supplied by compressor 2 is highest. In that case, the real relative
pressure drop is less than the rated 15 relative pressure drop; the latter
is not maintained, which is particularly disadvantageous for an engine 1
which needs to be scavenged, and in the case of a four-stroke engine, has a
particularly disadvantageous effect on specific consumption (since the
pressure P3 upstream of turbine 3 increases, with a consequent increase in
the delivery work of engine 1). 20      To eliminate these difficulties, in
the internal combustion engine 1 the cylindrical means (or  20 sleeves in
most embodiments), i.e. the inner means 16 and the outer means 17, have
radial dimensions such that, allowing for the thermal expansion
coefficients of the material of which they are formed and the upper and
lowre limits of their operating temperatures, the radial clearance a
(Figures 4 and 6 to 12) between them is always sufficient to prevent any
contact between the outer side wall of the Inner 25 cylindrical means 16
and the inner side wall of the outer cylindrical means 17, irrespective of
the  25 operating conditionsof the auxiliary fuel chamber 6. In addition,
third throttle means 45 having a variable cross-section is mounted upstream
or at the coupled passages 14,15 of the second' throttle means 13,
depending on the flow direction of air in the second branch 5b of bypass 5,
and are actuated so that: 30      (a) Their minimum flow cross-section is
zero and                   30 (b) Irrespective of the extent to which the
second and third throttle means 13 and 45 are instantaneously opened, the
flow section of the third throttle means 45 is either zero or much greater
than (preferably at least 5 times as great as) the free section of the
coupled orifices 14, 15 of the second throttle means 13. 35      In a
particularly simple construction, the third throttle means 45 comprises an
annular closure    35 element 46 (Figures 4 and 6) or 46c (Figures 9 and
10) secured to one of the cylindrical means 16 (Figures 4 and 6) or 1 7
(Figures 9 and 10) and combined with a seat 47 (Figures 4 and 6) or 47c
(Figures 9 and 10) secured to the other end cylindrical means 17 (Figures 4
and 6) or 16 (Figures 9 and 10) and co-operating with the aforementioned
annular element 46 (Figures 4 and 6) or 46c (Figures 9 



40 and 10), the diameter of seat 47 or 47c being much greater than the
respective diameters of the  40 cylindrical means 16 and 17. In a variant,
the third throttle means 45 comprises an annular closure element 46b
(Figures 7 and 8) or 46d (Figure 11) identical with the free end of the
outer cylindrical means 17, combined with a seat 47b (Figure 7 and 8) or
47d (Figure 11) secured to the inner cylindrical member 16 and co-operating
45 with the aforementioned free end, seat 47b or 47d being disposed In the
immediate neighbourhood of 45 the coupled passages. In the last-mentioned
variant, the coupled passages 14, 15 are simply a ring of orifices having
an individual contour which is closed on the inner sleeve 16 but not on the
outer sleeve 17. In the first case (Figures 4, 6, 9 and 10) the third
throttle means 45 are distinct from the second 50 throttle means 13, which
latter are made up of two coupled rings of orifices 14, 15 formed in
sleeves   50 16 and 17 respectively. In the embodiments in Figures 4 and 6,
the outer sleeve 17 is stationary and the inner sleeve 16 is movable in
translation, as in the known construction in Figures 1 and 2, i.e. by
moving to the left in Figures 4 and 6 to reduce the common section of
orifices 14 and 15. In the embodiments in Figures 9 and 10, on the other
hand, the inner sleeve 16 is stationary and the outer sleeve 17 is 55
movable in translation. In the various embodiments in Figures 4, 6, 9 and 1
0 seat 47 or 47c is secured  55 to the stationary sleeve 17 or 16 by a
rigid holder 48. The closure element 46 or 46b is a flat disc secured to
the outer surface of the movable sleeve 16 or 17. The following numerical
example is given in order to illustrate the successive manner in which the
second throttle means 13 and the third throttle means 45 go into operation.
We shall assume that 60  sleeves 16,17 in Figure 4 each have 12 circular
orifices 14, 15 of diameter 2R = 7 mm. Let x (in mm)  60 be the travel of
the moving sleeve 16 starting from the position where orifices 14 and 15
coincide. The area common to the two orifices is indicated by shading in
Figure 5. If a is the half-angle at the centre of the arc in which the
aforementioned area is inscribed in each of the circles bounding the
orifices, the common area or total uncovered area is equal to:    6
GB 2 065 863 B     6 in which The area to the right of the third throttle
means 45, i.e. between element 46 and seat 47, is equal to: 5      (12-
x).395 mm2 approximately, if seat 47 has a diameter of 126 mm.
5 The following successive values are thus obtained, in dependence on x:
Total common area of       Area of the passage x(mm)     aorifices 14 and
15 [err]                 in seat 47 [err] 0       90                  462
4750 1       81.8                399                      4354 2       73.4
336                      3958 3       64.6                275
3563 4       55.2                214                      3167 5       44.4
154                      2771 6       31.0                 94
2375 7        0                    0                      1979 8       0
0                      1583 9        0                    0
1187 10        0                    0                        792
35 11        0                    0                       396 12        0
0                         0 40 It can be seen that, except at the end of
travel of the moving sleeve 1 6, the common section of orifices 14, 15 is
appreciably smaller than the flow section at seat 47, the ratio being less
than 1/5. The 10 pressure drop, which is inversely proportional to the
square of the flow sections, thus occurs on the two  10 sides of orifices
14, 1 5 rather than on the two sides of seat 47. The air streams thus
penetrate easily into the primary region 1 0. It is only at the end of
travel of sleeve 16 that the closure element 46 bears on seat 47. This
prevents any appreciable air leakage-via the annular clearance a. This
ensures that flow rate [err] absorbed by engine 1 is sufficient without
compressor 2 having to be increased in size. Even 15 without increasing the
size, the air flow through orifices 33 is sufficient to supply injector 18
during pilot 15  50 operation and the air flow through orifices 40 is
sufficient to cool the wall of the auxiliary combustion chamber 6. Figure 6
shows an embodiment differing from Figure 4 only in that orifices 33 and 40
are no longer upstream (Figure 4) but downstream (Figure 6) of the third
throttle means 45, thus further 



20  increasing the ratio [err].
20 Figure 7 shows an embodiment which differs from Figure 4, firstly in
that the inner sleeve 1 6 moves in translation in the opposite direction
(i.e. to the right in Figure 7) to reduce the common section of the coupled
passages 14 and 1 5 and secondly in that the third throttle means 45 is
identical with the second throttle means 13. As in the preceding case, the
inner sleeve 1 6 is formed with a ring of 25  separate circular orifices 14
but the orifices 1 5, coupled with orifices 1 4, are combined into a single
25  60 angular space between the free edge of an auxiliary sleeve 49, borne
coaxially by the movable inner     60 sleeve 1 6 outside it and forming the
aforementioned seat 47b, and the annular closure element 46b consituting
the rear free end of the stationary outer sleeve 1 7. This, of course,
requires an appropriate modification in the means regulating the flow rate
of fuel introduced into injector 1 8.    7
GB 2 065 863 B   7 Figure 8 shows an embodiment differing from Figure 7
only in that orifices 33 and 40 are disposed not upstream (Figure 7) but
downstream (Figure 8) of the third throttle means 45. To this end it is
only necessary to move back the place where auxiliary sleeve 49 is attached
to end 24 or cylinder 34. Figure 9 shows an embodiment differing from
Figure 4 in that the outer sleeve 17, instead of 5 being stationary (Figure
4) can move in translation (Figure 9) whereas the inner sleeve 1 6, instead
of  5 being movable (Figure 4) is stationary (Figure 9). Consequently the
annular closure element 46 or 46c is secured not to the inner sleeve 16
(Figure 4) but to the outer sleeve 1 7 (Figure 9). In both cases, the
movable sleeve 16 (Figure 4) or 17 (Figure 9) moves in the same direction.
Figure 10 shows an embodiment differing from Figure 9 only in that orifices
33 and 40 are 10 disposed not upstream (Figure 9) but downstream (Figure
10) of the third throttle means 45. To this    10 end, orifices 29 in the
outer sleeve 1 7 for supplying orifices 33 and 40 are placed either well
upstream (Figure 9) or well downstream (Figure 10) of the annular closure
element 46c. Figure 11 shows an embodiment differing from Figure 8 in that
the outer sleeve 17 instead of being stationary (Figure 8) is movable in
translation (Figure.1 1) whereas the inner sleeve 16 instead of 15 being
movable (Figure 8) is stationary (Figure 11).
15 The embodiments in Figures 6 to 11 operate in similar manner to Figure
4; the second and third throttle means 13 and 45 vary in a slightly
modified manner but have the same overall effect. Figure 12 shows an
embodiment which differs from Figure 4 in the following respects: (a) As
already stated, a number of injectors 18 are disposed In a ring instead of
a single injector. 20      (b) The inner and outer cylindrical means having
coupled orifices are not a pair of sleeves 161 7   20 but a stationary
outer sleeve 56 connected by air inlet holes 55 to the delivery pipe 4 and
a cylindrical plunger 57 adapted to slide in sleeve 56. (c) The coupled
orifices in the present case are longitudinal grooves 54 disposed in
cylindrical plunger 57 in axial planes and permanently communicating with
holes 55; they also, in a manner similar 25 to the construction in Figures
7 and 8, comprise an annular space between the free edge of the  25
stationary sleeve 56. constituting the aforementioned closure element 46b,
and an annular seat 47b borne by the free end of the cylindrical plunger
57. In the definition of internal combustion engines to which the invention
refers, it was stated, with reference to the inner and outer cylindrical
means, that one at least partly bounds the primary region 30 whereas the
other at least partly bounds a cavity directly connected to the compressor
outlet. The  30 expression "directly connected" by implication means "at
least in the absence of third throttle means 45 according to the invention"
since as shown from Figures 4 and 6, the aforementioned throttle means can
be inserted between the compressor outlet and the cavity which is at least
partly bounded by the inner or the outer cylindrical means. 35 CLAIMS
35 1. A supercharged internal combustion engine comprising a compressor
supplying fresh air for fuel combustion to the engine cylinder(s) and to a
bypass having an auxiliary combustion chamber and a turbine which receives
the engine cylinder(s) exhaust gases and the gases from the auxiliary
combustion chamber and mechanically drives the compressor, the bypass being
divided into two main branches, the 40 first of which ends in a dilution
region or "secondary region" downstream of a "primary region" of the   40
auxiliary combustion chamber and has a first air throttle means having a
variable flow cross-section for throttling the flow of air to the dilution
region, whereas the second branch starts from a place on the first branch
upstream of the first air throttle means and opens into the primary region
via a second means for throttling the air flow cross-section, the second
air throttle means comprising coupled 45 passages having a variable common
free cross-section and formed respectively in an inner and an outer 45
cylindrical means which are movable relative to one another, one of the
cylindrical means at least partly bounding the primary region whereas the
other at least partly bounds a cavity directly connected to the compressor
outlet, at least one fuel injector opening into the primary region in the
immediate 



neighbourhood of the aforementioned coupled passages, means being provided
for correlative variation 50  of the flow rate of fuel through the fuel
injector or injectors and also of the flow rate of air entering the  50
primary region via the common free section of the coupled passages, by
moving the inner cylindrical means relative to the outer means, in which
engine: the second air throttle means also has cylindrical passages in
parallel with the aforementioned coupled passages; the inner and outer
cylindrical means have radial dimensions such that, allowing for the
thermal expansion coefficients of the material of 55 which they are formed
and their upper and lower operating temperatures, the radial clearance
between 55 them is always sufficient to prevent any lateral contact between
the cylindrical means irrespective of the operating conditions of the
auxiliary combustion chamber; and a third air throttle means having a
variable flow section is mounted upstream or at the coupled passages of the
second throttle means, depending on the direction in which the air flows in
the second branch of the bypass, and is actuated so 60  that- (a) the
minimum flow section thereof is zero and (b) irrespective of the amounts to
which the  60 second and third throttle means are instantaneously opened,
the flow section of the third throttle means is always either zero or much
greater than the free section of the coupled passages of the second
throttle means. 2. An engine according to claim 1, wherein the first
throttle means is designed to produce a    7
GB 2 065 863 B       7 Figure 8 shows an embodiment differing from Figure 7
only in that orifices 33 and 40 are disposed not upstream (Figure 7) but
downstream (Figure 8) of the third throttle means 45. To this end it is
only necessary to move back the place where auxiliary sleeve 49 is attached
to end 24 or cylinder 34. Figure 9 shows an embodiment differing from
Figure 4 in that the outer sleeve 17, instead of 5 being stationary (Figure
4) can move in translation (Figure 9) whereas the inner sleeve 16, instead
of  5 being movable (Figure 4) is stationary (Figure 9). Consequently the
annular closure element 46 or 46c is secured not to the inner sleeve 16
(Figure 4) but to the outer sleeve 17 (Figure 9). In both cases, the
movable sleeve 16 (Figure 4) or 1 7 (Figure 9) moves in the same direction.
Figure 10 shows an embodiment differing from Figure 9 only in that orifices
33 and 40 are 10 disposed not upstream (Figure 9) but downstream (Figure
10) of the third throttle means 45. To this    10 end, orifices 29 in the
outer sleeve 17 for supplying orifices 33 and 40 are placed either well
upstream (Figure 9) or well downstream (Figure 10) of the annular closure
element 46c. Figure 11 shows an embodiment differing from Figure 8 in that
the outer sleeve 17 instead of being stationary (Figure 8) is movable in
translation (Figure 11) whereas the inner sleeve 16 instead of 15 being
movable (Figure 8) is stationary (Figure 11).
15 The embodiments in Figures 6 to 11 operate in similar manner to Figure
4; the second and third throttle means 13 and 45 vary in a slightly
modified manner but have the same overall effect. Figure 12 shows an
embodiment which differs from Figure 4 in the following respects: (a) As
already stated, a number of injectors 18 are disposed in a ring instead of
a single injector. 20       (b) The inner and outer cylindrical means
having coupled orifices are not a pair of sleeves 16,17   20 but a
stationary outer sleeve 56 connected by air inlet holes 55 to the delivery
pipe 4 and a cylindrical plunger 57 adapted to slide in sleeve 56. (c) The
coupled orifices in the present case are longitudinal grooves 54 disposed
in cylindrical plunger 57 in axial planes and permanently communicating
with holes 55; they also, in a manner similar 25  to the construction in
Figures 7 and 8, comprise an annular space between the free edge of the  25
stationary sleeve 56, constituting the aforementioned closure element 46b,
and an annular seat 47b borne by the free end of the cylindrical plunger
57. In the definition of internal combustion engines to which the invention
refers, it was stated, with reference to the inner and outer cylindrical
means, that one at least partly bounds the primary region 30  whereas the
other at least partly bounds a cavity directly connected to the compressor
outlet. The  30 expression "directly connected" by implication means "at
least in the absence of third throttle means 45 according to the invention"
since as shown from Figures 4 and 6, the aforementioned throttle means can
be inserted between the compressor outlet and the cavity which is at least
partly bounded by the inner or the outer cylindrica I means. 35 CLAIMS
35 1. A supercharged internal combustion engine comprising a compressor
supplying fresh air for fuel combustion to the engine cylinder(s) and to a
bypass having an auxiliary combustion chamber and a turbine which receives
the engine cylinder(s) exhaust gases and the gases from the auxiliary
combustion chamber and mechanically drives the compressor, the bypass being
divided into two main branches, the 40  first of which ends in a dilution
region or "secondary region" downstream of a "primary region" of the   40
auxiliary combustion chamber and has a first air throttle means having a
variable flow cross-section for throttling the flow of air to the dilution
region, whereas the second branch starts from a place on the 



first branch upstream of the first air throttle means and opens into the
primary region via a second means for throttling the air flow
cross-section, the second air throttle means comprising coupled 45
passages having a variable common free cross-section and formed
respectively in an inner and an outer 45 cylindrical means which are
movable relative to one another, one of the cylindrical means at least
partly bounding the primary region whereas the other at least partly bounds
a cavity directly connected to the compressor outlet, at least one fuel
injector opening into the primary region in the immediate neighbourhood of
the aforementioned coupled passages, means being provided for correlative
variation 50  of the flow rate of fuel through the fuel injector or
injectors and also of the flow rate of air entering the  50 primary region
via the common free section of the coupled passages, by moving the inner
cylindrical means relative to the outer means, in which engine; the second
air throttle means also has cylindrical passages in parallel with the
aforementioned coupled passages; the inner and outer cylindrical means have
radial dimensions such that, allowing for the thermal expansion
coefficients of the material of 55  which they are formed and their upper
and lower operating temperatures, the radial clearance between 55 them is
always sufficient to prevent any lateral contact between the cylindrical
means irrespective of the operating conditions of the auxiliary combustion
chamber; and a third air throttle means having a variable flow section is
mounted upstream or at the coupled passages of the second throttle means,
depending on the direction in which the air flows in the second branch of
the bypass, and is actuated so 60  that: (a) the minimum flow section
thereof is zero and (b) irrespective of the amounts to which the  60 second
and third throttle means are instantaneously opened, the flow section of
the third throttle means is always either zero or much greater than the
free section of the coupled passages of the second throttle means. 2. An
engine according to claim 1, wherein the first throttle means is designed
to produce a    GB 2 065 863 B    8 pressure drop which is practically
independent of the ratio of the air flow rate of air delivered by the
compressor but varies in the same direction as the pressure upstream of the
first throttle means. 3. An engine according to claim 1 or 2, wherein the
ratio of the flow section of the third throttle means (if not zero) to the
free section of the coupled passages of the second throttle means remains 5
above 5 in all their respective instantaneous positions.
5 4. An engine according to any one of claims 1 to 3, wherein the third
throttle means comprises an annular closure element, mounted on one of the
cylindrical means, combined with a seat secured to the other cylindrical
means and co-operating with the annular element, the diameter ofthe seat
being considerably greater than the respective diameters of the cylindrical
means. 10       5. An engine according to any one of claims 1 to 3, wherein
the third throttle means comprises an   10 annular closure element,
identical with the free end of the outer cylindrical means, combined with a
seat secured to the inner cylindrical means co-operating with the
aforementioned free end, the seat being disposed in the immediate
neighbourhood of the coupled passages. 6. An engine according to any
preceding claim, wherein the constant-section passages of the 15 second
throttle means communicate directly with the aforementioned cavity
connected to the      15. compressor outlet. 7. An engine according to any
one of claims 1 to 5, wherein the constant-section passages of the second
throttle means communicate via third throttle means with the cavity
connected to the compressor outlet. 20       8. A supercharged internal
combustion engine, substantially as hereinbefore described with  20
reference to, and as illustrated in, Figures 4 to 12 of the accompanying
drawings. 9. A supercharged internal combustion engine according to any
preceding claim wherein the engine is a diesel engine. Printed for Her
Majesty's Stationery Office by the Courier Press. Leamington Spa. 1983.
Published by the Patent Office. 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


