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EXHAUST NOZZLE.

Application filed April 18, 1927. Serial No. 184,757.

This invention relates to exhaust nozzles
for improving the draft for burning fuel
under boilers, and more particularly to that

_type of exhaust nozzle arranged in the smoke
5 box of a locomotive.

It is a general object of the present inven-
tion to provide a novel and improved type of
exhaust nozzle.

More particularly it is an object of the in-

10 vention to provide an exhaust nozzle having a
plurality of branches radiating from a small
central passage and all connected thereto to
malke one opening.

Another object of the invention consists in

15 providing an exhaust nozzle of the type de-
scribed, with a constantly decreasing cross-

sectional area from the receiving end to the ‘

discharging end.

-One of the features of the invenftion com--

20 prises arranging the opening of the nozzle in
such a-manner that all surfaces of the steam
jet emitted therefrom are so located as to per-
mit of direct contact with the flue gases.

, Another feature of the invention comprises

25 the arrangement of the exhaust nozzle with a
plurality of elongated passages radiating
from a central opening, each passage being
quite narrow contiguous to the opening, and

, increasing in width in direct proportion to

30 the distance from the opening, whereby a jet
is produced of such character as to give a
maximum entrainment of the gases with the

exhaust steam so that a substantially constant

velocity and pressure may exist throughout
35 the full cross-section of the stack. f
A further object of the invention comprises
an exhaust nozzle and exhaust pot formed as
an integral unit. :
Other and further objects and features of
40 the invention will be more apparent to those
skilled in the art after a consideration of the
accompanying drawings and following speci-
fication, wherein are disclosed several exem-
plary embodiments of the invention with the
- 46 understanding, however, that various modifi-
cations may be made therein without depart-
ing from the spirit of the invention as ex-
pressed in the appended claims,
In said drawings: Co
50  Fig. 1 is a side elevation of the smoke box
of a locomotive, showing in dotted lines the
relative position of the exhaust pot, exhaust

~nozzle, stack and stack petticoat;

Fig. 2 is a plan view of one form of exhaust
nozzle;

Fig. 3 is a vertical section taken on broken
line 3—3 of Fig. 2; ‘

Fig. 4 is a transverse vertical section
through one of the radial slots, taken on line
4—4 of Fig. 2;

Fig. 5 is a section similar to Fig. 4 but taken
on line 5—5 of Fig. 2;

Fig. 6 is a plan view of a modified form of
exhaust nozzle; - ' :

Fig. 7 is a vertical central section on line
7—7 of Fig. 6;

Fig. 8 is a vertical section on broken line
8—8 of Fig. 7; .

Fig. 9 is a plan view of a further modified
form of exhaust nozzle; :

Fig. 10 is a side elevation and half vertical
section on line 10—10 of Fig. 9;

Fig.11isa plan view of a combined exhaust
nozzle and exhaust pipe;

Fig. 12 is a side elevation thereof, and par-
tial section on line 12—12 of Fig. 11;

Fig. 18 is a section on line 18—13 of Fig.
11; and

Fig. 14 is a transverse section on line
14—14 of Fig. 12. :

With the increasing size.of locomotives,
the difficulties of providing adequate draft
facilities for increased fuel consumption are
a serious problem. The stack should be larg-
er in diameter to give egress to the greater gas
volumes at a reasonable velocity, and the
length should be as great as possible to avoid
loss of draft from the pulsating exhaust
steam jet. The present invention contem-
plates the provision of an exhaust nozzle of
such shape that the exhaust steam and en-
trained gases completely fill the stack below
the top thereof with a current of gas and
steam having substantially equal velocity
throughout the full cross section. Cylinder
back pressure is kept at a minimum.

Referring to the drawing there is shown
in Fig. 1 at 10, the so-called smoke box at the
forward end of a locomotive boiler. Itis sur-
mounted by a stack 11, which continues with-
in the smoke box in the form of a petticoat 12.
Mounted directly below this petticoat and

. concentric therewith is the so-called exhaust

pot or exhaust pipe 13, secured to the cylinder
saddle 14 and communicating, through pas-
sages in this saddle, with the exhaust ports of
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the cylinders. The arrangemeﬁt diéclosed is

‘more or less conventionzl. An exhaust nozzle

15 is adapted to be secured to the upper end of
the exhaust pipe in order to properly direct
the exhaust steam into the petticoat, and to
entrain the flue gases therewith, so as to pro-
vide suitable draft for the fire.

In Figs. 2 to 5 is shown one form of exhaust
nozzle adapted for attachment to the upper
end of an exhaust pipe or pot. It comprisesa
suitable casting, having the base ring 16 pro-
vided with suitable apertures 17 to receive
securing means for fastening the nozzle in
position. :

The nozzle is so arranged that the steam
outlet at the top is in a substantially horizon-
tal plane. The exit aperture lying in this
plane is composed of the small central port
18 and six radiating ports 19. Each of these
radiating ports, adjacent to the central port,
is quite parrow, being less in width than the
diameter of the central port. They extend
outwardly to a distance greater than the in-
ternal radius of the exhaust pipe, and in-
crease in width substantially directly in pro-
portion to the distance from the central port.
This increase in width is to provide addition-
al steamn to care for the larger volume of gases
between the ports as the distance from the
center increases. The outer ends of these
radial ports. are substantially tangential to
the circumference of the base ring 16, al-
though this is not necessary. As shown at 20
in Fig. 3, the end wall of each radial passage
leading to a radial port, flares outwardly to
21 and then bends inwardly, so that at the exit
the steam is directed radially inwardly at a
slight angle. As shown in Fig, 5, the side
walls 22 leading to the exit converge both ver-
tically and horizontally. As shown in Fig.
4 near the outer end of one of the radial pas-
sages, they are substantially parallel to each
other,as at 23. The edge 24 defining the junc-
tion between adjacent walls of two radial pas-
sages is inclined at substantially an angle
of 45°. The onter surface 25 of this wall has
the same angle.

The convergence of the walls 22 provides
between each pair of passages and their de-
fining walls a wedge-like channel 26 leading

in from the edge to substantially the center

of the nozzle. These wedge-like grooves
carry the flue gases, so that they arrange
themselves between walls of steam emerging
from the ports 18 and 19 and are entrained
therewith in such a manner that the velocity
of the gases approximates that of the steam.
The spread of the steam jets at the circum-
ference of the nozzle due to expansion will
produce practically a solid area of a mixture
of gases and steam, all having the same veloc-
ity, at a section of the stack materially below
its top.

The total area of the ports 18 and 19 is less
than the ares of the exhaust pipe. From the
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bottom of the exhaust nozzle to the top, the
cross-sectional area of the steam passages
continually decreases so that the velocity of
the steam continually increases and is a maxi-
mum when it reaches the outlet ports. It will
be noted that all surfaces of the steam jet
face outwardly, so that they have relatively
equal entraining effect on the gases.

In Figs. 6 to 8 is shown another form of
exhaust nozzle. The form disclosed in the
first modification is provided with six radial
passages, whereas the present form is pro-
vided with five. In every other sensé 1t is
substantially identical with the form already
described. For certain types of locomotives,
the greater angle included between adjacent
radial steam passages is of some advantage to
insure proper entrainment of the gases. As
shown in Fig. 6 the exhaust pipe has the in-
ternal diameter indicated by the reference
character 27, and the radial passages extend
a material distance beyond this diameter, as
is best shown in Fig. 7. The base ring is
absent in this form, and a plurality of pro-
jecting bosses 28 are provided, one between
each two radial steam passages. They are
adapted to be bolted to similar projections
on the exhaust pipe. By this construction,
the passage of the gases into the channels 29
between the steam jets is less interfered with,
and a better velocity of gas can be obtained.

Figs. 9 and 10 show a further modified
form of construction wherein but four radial
passages 30 are disclosed, these passages hav-
ing their exits so designed that the edges 31
thereof are parallel to each other. In plan,
the total steam exit area is cruciform. The
steam passages leading to the exits have sub-
stantially the same converging arrangement
as in the prior forms, so that the steam ve-
locity increases from the entrance to the exit
of the nozzle. :

In certain types of locomotives it may be
found desirable to form the exhaust pipe or
exhaust pot, and the exhaust nozzle, as an
integral structure, and the two may be cast
in one piece as shown in Figs. 11 to 14 inclu-
sive. . In this construction, there is disclosed
a base flange 32 of any suitable configuration
to conform to the exhaust passage in the cyl-
inder saddle. Extending upwardly from the
base flange is the pipe 33 here shown as sub-
stantially rectangular in cross-section with
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slightly convex walls. This pipe gradually .

merges into the exhaust nozzle which in out-
let plan is identical with that of any of the
previously described modifications. In Fig.
11 it is shown jas having the same outlet con-
figuration as Fig. 2. Owing, however, to the
great distances and more space available, the
passages leading to the outlets converge more
gradually and the walls forming the ends of
the radial passages diverge more gradually.
This results in less change in steam velocity
per unit of distance and thus reduces the back
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pressure. It may be desirable to provide a
reinforcing band or ring 24 around the nozzle
adjacent to the upper surface thereof. The
effect of this is not only to strengthen the
structure, but-to produce a turbulence of the
flue gases, before they are entrained by the
steam, resulting in a better mixture and in-
suring a greater velocity of these gases.

It has been found by experiment that any
number of radial steam exits from three to
eight may be used effectively. A greater
number than eight is not desirable for the
angle between them becomes so small that
sultable gas entrainment is not effected. Cer-
tain types of locomotives, dependent upon

their service, may be found to operate better

with one number of passages than with an-
other, and therefore 1t is important that va-
rious numbers can be provided in order to
give sufficient flcxibility to the design to per-
mit making the relative steam and gas areas,
the spread and the outside diameter of the
nozzle, theoretically correct to suit any pre-
determined or desired stack diameter and
length. The present invention permits the
combined exhaust steam and entrained gases
to completely fill the stack at any desired po-
sition relative to the height of the stack, and
allows the two to maintain a substantially
equal velocity throughout the cross-section
area of the stack, and at the same time re-
duces cylinder back pressure to a minimum.

Having thus described the invention what
is claimed as new and desired to be secured by
Letters Patent is: :

1. A nozzle having a plurality of walls
defining an outlet configuration comprising a
plurality of areas radiating from a communi-
cating central area, said radiating areas being
wider at their outer ends than where they join
said central area, and each longer than the
diameter of the central area.

2. An exhaust nozzle for locomotives com-
prising a body having a steam passage there-
through decreasing in cross-sectional area
from entrance to exit, said passage being di-
vided into sections by pairs of opposed walls
radiating from a central portion of the pas-
sage, the walls of each pair converging from
bottom to top and diverging radially to thus
define wedge-like spaces between the pairs of
walls for the passage of gas in streams whose
faces are parallel to the faces of the issuing

- steam jets, said central portion of the passage

being in full communication with the said
sections and having less area than any one of
them.

3. In alocomotive, a smoke box, a stack en-
tering said smoke box and an exhaust nozzle

below and concentric with said stack, said

nozzle comprising a body having a steam pas-
sage therethrough decreasing in cross sec-
tional area from entrance to exit, the outlet of
said passage defining a single steam jet hav-
ing a plurality of radiating arms and a cen-

3

tral portion, all surfaces of said jet facing to-
WaI'(i) the combustion gases in said smoke box,
the spread of the jet being such as to produce
a practically solid arvea of mixed gascs and
steam all of the same velocity in the stack be-
low its top, the central portion of any of said
steam passage being less in diameter than the
length of said arms.

4. A unitary exhaust pipe and exhaust noz-
zle for locomotives, including in combination,
a base flange adapted to be secured to the cyl-
inder saddle, a pipe integral with said flange,
said pipe having its outline gradually merg-
ing from bottom to top into the configuration
of an exhaust nozzle, said nozzle having an
outlet opening comprising a plurality of areas
radiating from a central area and diverging
in width substantially directly in proportion
to the distance from the central area, said
radiating areas being defined by vertically
converging side walls and end walls diverg-
ing for the greater part of their length.

5. A unitary exhaust pipe and exhaust noz-
zle for locomotives including in combination,
a base flange adapted to be secured to the
cylinder saddle, a pipe integral with said
flange, said pipe having its outline gradually
merging from bottom to top into the configu-
ration of an exhaust nozzle, said nozzle hav-
ing an outlet opening comprising a plural-
ity of areas radiating from a central area and
diverging in width substantially directly in
proportion to the distance from the central
area, said radiating areas being defined by
vertically converging side walls and end walls
diverging for the greater part of their length,
the cross-sectional area of said nozzle portion
decreasing toward the outlet.

6. A unitary exhaust pipe and exhaust noz-
zle for locomotives including in combination,
4 base flange adapted to be secured to the cyl-
inder saddle, a pipe integral with said flange,
said pipe having its outline gradually merg-
ing from bottom to top into the configuration
of an exhaust nozzle, said nozzle having an
outlet opening comprising a plurality of areas

radiating from a central area and diverging’

in width substantially directly in proportion
to the distance from the central area, said
radiating areas being defined by vertically
converging side walls and end walls diverging
for the greater part of their length, said side
walls also defining exterior wedge-like chan-
nels for combustion gases. _

7. An exhaust nozzle for locomotives, com-
prising a body having a steam passage there-
through decreasing in cross-sectional area
from entrance to exit, said passage being de-
fined by pairs of opposed walls radiating
from a central portion of the passage, the
walls of each pair converging from bottom to
top and diverging radially substantially di-
rectly proportional to the distance from ‘the
center, the angle between adjacent walls of
contiguous pairs being such that they meet in
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edges which extend to the top surface of the

nozzle, all of said edges defining a central

passage which at the surface of the nezzle is

less in diamter than the length of passage con-
5 fined between a pair of said walls.

8. A locomotive exhaust nozzle having a
plurality of walls defining communicating
steam passages and an outlet area, said outlet
area including a central port and a plurality

10 of elongated ports radiating therefrom and in

communication therewith, the central port
having a maximum diameter less than one
half of the total diameter of the outlet area.

9. A locomotive exhaust nozzle comprising
a body formed of a plurality of walls defining 15
a steam conduit composed of a plurality of
elongated passages radiating from and in full.
communication with a central passage, all of
said passages converging to an outlet port,
said central passage near said port having an 20
area less than any one of said elongated pas-
sages.

In testimony whereof I hereunto affix my
signature. ‘

WILLIAM F. KIESEL, Jr.



