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creased. This confirms the above explanation, since such an increase
in cross-sectional area will reduce the force necessary to accelerate
the gas already in the pipe and eliminate the pressure build-up.

The process of investigating the increasing diameter or ‘stepped’
pipe has shown another interesting development, in that the larger-
diameter length vibrates in its own period, it being possible to com-
bine the waves to give a very low pressure drop after the initial
positive pulse.

The designer of the self-induction or harmonic-induction two-
stroke diesel engine (fig. 5: 13) which was developed over 30 years
ago (and which depended entirely on pressure waves for the charging
and exhausting processes) successfully applied the stepped-pipe
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Fig. 5: 14. Pressures in stepped exhaust pipe of self-induction engine.

principle to improve volumetric efficiency. It was stated (X VIII) that
a plain length of exhaust pipe gave a short period of negative pres-
sure whereas, by putting a step in the pipe, the exhaust ports could
be kept open for much longer, thus enabling a greater charge volume
of air to be inhaled. The negative reflection which returns to the port
from the step is of smaller amplitude than would be the case from
the pipe end; while this reflection is taking place however, the initial
pulse continues down the pipe to the open end of the larger diameter
and is reflected, this second reflection following closely on the one
from the step. The result is to prolong the negative pressure. Next
time the combined waves are reflected (from the extreme end), they
are of course positive in sign, but by this time the exhaust ports have
closed.

The curve reproduced in fig. 5: 14 was taken from the harmonic-
induction engine. The portion AB represents the initial pressure pulse
as the port opens. From B to C the pressure falls to slightly below
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that in the cylinder. At DEF is shown the wave reflected from the
step in the pipe, while the second dotted line HIJ is the pipe-end
reflection. The distance AD is the time taken for the wave to travel
from the port to the step and back, while AH is that taken by the
wave from the port to the pipe-end and back.

This engine was a comparatively slow-speed type, the torque-speed
curve being shown in fig. 5: 15, but there is every reason to assume
that the trumpet-end or megaphone applied to many racing pipes
owes much of its efficiency to having a similar effect to that of a
stepped-pipe. This device is dealt with in more detail in Chapter 8.

The diagrams so far have been concerned with single straight-
through pipes attached to one cylinder, and thus show the conditions
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Fig. 5:15. Torque-speed curve of self-induction engine.

as would obtain in a single-cylinder engine. The data can be made
use of in designing a multi-cylinder system where long branch pipes
are used from each exhaust port. First, however, it will be interesting
to note what has been shown to happen, as demonstrated by indi-
cator tests on the conventional type of multi-cylinder manifold.

Multi-cylinder manifolds

Where the usual type of cast-iron manifold is employed, having a
single outlet to a downpipe and short offtakes from the exhaust ports,
the wave from each individual cylinder is seen quite clearly at very
low engine speeds. However, as the speed increases the tendency is
for the whole of the curve to become lifted above the atmospheric
line and to show a fluctuating positive pressure at all times. Ob-
viously under these conditions there will be appreciable back-pres-
sure, particularly at high engine speed, and on the face of it the use
of any overlap at all seems of doubtful value. Since however it is
indisputable that overlap usually increases torque even at fairly low
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will equal that which would be obtained with a separate short pipe
on each cylinder (V). With a 7 of 180deg. the positive and negative
reflections will produce complete damping after the initial primary
pulse has passed.

The following values for 7" will thus apply:

For damping 7 = 180, 360, 720deg. (or multiples of 1, 2, 3, 4).
For resonance T' = 90, 270, 450, 630deg. (or multiples of 1, 3, 5, 7).

It is possible to calculate a main pipe length in the same way as
described earlier for single pipes. Whatever value is used for 7, the
appropriate multiple is also used as above. Thus, for a four-cylinder
with 7' = 90, the figure to be used in the calculation would be as
above. For a six-cylinder with twin downpipes, a 7 value of 120, 360
etc., would be used.

The same consideration would apply as for single pipes; the higher
the rev/min the shorter the pipe. As examples, with 7= 270 deg. on
a four-cylinder engine, a pipe length of 77in. would be required at
6,000 rev/min. On a six-cylinder, sub-divided 1-2-3 and 4-5-6, with
T = 360deg. a length of 122in. is required at 5,000rev/min. The
length is of course measured from the valve to the tailpipe end and it
will be evident that this length also increases pro rata to the value of
the T multiple. Thus, if in the last-mentioned example 122 in. cannot
be accommodated, the same effect will be obtained with 41 in., as this
corresponds to a 7" of 120 deg.

It must be emphasized that a pipe dimensioned in accordance with
the foregoing may not give the desired performance and the same
important reservations apply as were detailed in the case of the
similar formula for single pipes. The unpredictability of a good part
of the wave action is quite evident from the experiments detailed and
it is quite impossible therefore to accept ‘paper’ solutions at their
face value.

Sub-division of manifolds

The usual method of sub-division, as shown in the illustrations
(fig. 5: 18), is aimed at obtaining an exhaust discharge at equal inter-
vals, at the junction of the branches serving the ‘pairs’ or ‘threes’, in
a four and a six respectively. An eminent designer of racing ‘singles’
(XIX) has stated that inter-action can be used whereby one cylinder’s
exhaust-flow helps to draw out that from the next one in sequence,
by suitably shaping and proportioning the system. While this
generalization does little to indicate the layout in mind, it has been
found from discussion with pipe-designers that the following is a
popular theory.
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Imagine a pipe formed like a letter Y with the two top ends con-
nected to the outer cylinders of a four, the vertical leg formmg the
downpipe. The high-velocity discharge from the left-har}d cy}mder
will flow down the appropriate pipe and as it passes the junction at

Fig. 5 : 18. Sub-division in manifolds to obtain equal discharge intervals
at junction of branches.

the middle it will create a vacuum in the right-hand .pipe; and, of
course, vice versa when the right-hand cylinder discharges (see
fig.5::19): i
gThere )is absolutely no evidence to support this t'heory. The indi-
cator has shown that it is quite possible for a po.sitlve: pressure wave
from one cylinder to go ‘round the corner’ at t‘he junction gf: the pipes
and back up the other leg; the wave then acting in opposition to the
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