No. 620,807. Patented Mar. 7, 1899.
W. M. SMITH.

STEAM GENERATOR.
(Application filed Dec. 21, 1897.
(No Model.) 4 Sheets—Sheet |,

|
|
————— o |
1
]

Y 8 S & ©
:Q. ‘ e o ©

N
s
o o-o—6—o—
1
o e o 8o ® 0
S © 68 o o
s o o9 o
< N
HE S
7=

I
t
!
|
i
|
1
|
!
|
:4
|
!

A\

P NS A l i
i — m—— ;
fi S oo s s o @0 PO OO S |
4.
Lses@ss@sas}é//@s&@@sl
1 "_% ‘ |
Abzs - RO s o//s S S S O S |
A e X$ - (‘ |
i o 9.8 s o8 & & |
1 X =) N8 t
d S > s/ s S o &0 & 0O %
4 S /s
i TS y’S 99 s o0 &8O ,
‘ — s |
; - %S s o 86 8 o8 850 L AN
7 9 — —_—-
4 =87 § s o ® sr_s_qe o o & |
125 s 5 o s;_)s o5 ol o e o © |
) il $ s o o8 |:s s e |
]/
™ 1= s s @{@h@ s s o |
N 7 |
di s o oleoile s oo
D P N |
.N\ 9 o © s} ] |ls o s o
2! R N
R{ 1 s s ;:@ e s &
;
‘ s o lo & & o :
:
]
; si N :ls s & ® :
7 | :
: s'l si,s s o O |
A
q ®} @”@ s o s |
l[ I
ié slells o & o !
: \ \ L__1 !
4 s & oo o5 |
; A
2 ‘
TR SO—— |
N ] TTRES [T (TN [ BS \“‘\’ eIl S s
(e =
r
K !
il d
| ||, 1 il
. fi i .
Witnesses: PN \' J Lrneverlor

1 |
W | Z_?‘zzerlﬁm itk
G X (Bebedter DY 2w et

" Attorney

THE NORRIS PETERS CO., PHOTO-LITHD, WASHINGTON, D, C.




No. 620,807. -  Patented Mar. 7, 1899,
' W. M. SMITH. |

STEAM GENERATOR.
(Application filed Dec, 21, 1897.)
{Ne Model.) 4 Sheets—Sheet 2,

i kxa
. 5

777777717777 FTIFFILIS 12202020

AT AL LALLM OOOO G
/IIIA
a

SO & 6 O S §
.\“\““““\“\'\“\“\'\\‘.\\\;;

1/6721‘07
A v _ Neller M Smith
G- K Goelebrer o By his Attorney 2L Zrrmoerit_

Witnesses: S gt 7

THE NORRIS PETERS CO, FHOTO-LITHO., WASHINGTON, D. C.




No. 620,807 ‘ , " Patented Mar. 7, 1899.
W. M. SMITH. .

STEAM GENERATOR.
(Application filed Dec, 21, 1897.) R
(No Model.) 4 Sheets—Sheet 3.

Hicrnesses: ‘ 8% | . Iﬂygzzfér
J%. oL Halter H. Smitk
X Belebun APV
Aty

THE NORRIS PETERS €O., PHOTO-LITHO.. WASHINGTON, D C.




No. 620,807. Patented Mar. 7, 1899.
W. M. SMITH. .

~ STEAM GENERATOR.

© (Application filed Dec. 21, 1897.)

4 Sheets—Sheet 4.

(Mo Model.)

Witnesses: Tnyertor

T & . » 7 Halter H Sweitt
" T Attorney




" 10

15

20

"UNITED STATES

PATENT OFFICE.

WALTER MACKERSIE SMITH, OF NEWCASTLE-UPON-TYNE, ENGLAND.

STEAM-GENERATOR.

SPECIFICATION forming part of Letters Pa.tent No. 620 807, dated March 7,1899.
Apphcatmn filed December 21,1897, Serlal No, 662,877, (No model.)

To all whom it may concern:

Be it known that I, WALTER MACKERSIE
SmrITH, asubject of the Queen of Great Britain
and Ireland, residing at Jesmond, Newcastle-
upon-Tyne, in the county of Northumber-
land, England, have invented Improvements
in Steam Generators of which the following
is a specification.

This invention has reference to improve-
ments in steam-generators of the locomotive
type. Accordingtheretothe fire-box of such
a steam-generator is provided with water-
tubes arranged to connect the water-space at
one point with that at another, so as to ob-
tain increased heating-surface and better wa-
ter circulation. The water-tubes are pref-
erably curved and may connect points on
the same side, opposite sides, sides and rear
end, or sides and rear end with the roof of the
fire-box. They may be conneécted to the fire-

" box shell by coupling devices or unions, so
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as to be removable from the interior of the
fire-box through the fire-door opening, or they
may be inserted through holes in the inner
and outer shells of the fire-box and be fixed
in the inner shell by expanding, the holes in
the outer shell being provided with movable
clostires for gaining 1eady access to the tube
ends.

Inthe accompanying illustr atn ¢ drawings,
Figure 1 is a longitudinal section on the line
z « of Fig, 2; and Fig. 2 is a transverse sec-
tion on the hne Yy of Fig. 1, showing the
fire-box portion of a steam—venerator of the
locomotive type with one arranvement of wa-
ter-tubes having their ends connected to the
inner walls of the fire-box by coupling de-
vices according to this invention. Figs. 3
and 4 show a fire-box with modified arrange-
ments of water-tubes according to this in-
vention, Fig. 3 being a central longitudinal
sectiononthelinez’' &' of Fig. 4, and Fig. 4 be-
ing a sectional plan on the line z z of Fig. 8
Fig. 5 is a central longitudinal section; and
Fl"' 6, an end view showmg, to alarger scale
than 1’1<rs 1 to 4, inclusive, a tube end with
couphntr device for connecting the same to
the shell of the fire-box. Figs. 7and 8, Figs.

9 and 10, Figs. 11 and 12, and Figs. 13 and
14 are smnlar views to FIO'S 5 and 6, showing

modified arrangements of couphn'f dev1ces .

Referring to Fl“‘S 1 and 2 of the drawings,

1 is the outer shell of the fire-box, 2 the in-

ner shell of the fire-box, and 3 curved water-

tubes arranged within the fire-box. These
tubes in the example now being deseribed are
located in vertical planes and extend from
the sides of the innershell of the fire-box to
the opposite top corner thereof, so as to con-
nect the water-space between the inner and
outer shell with that above the crown of the
fire-box. They are shown S-shaped at one
end to allow for expansion and contraction
and are arranged to cross each other at or
near the center line of the fire-box, being
spaced at suitable distances apart to allow
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flame and hot gas to passaround and between

them.

I do not confine myself to any particular
shape of the tubes, nor do I limit myself to
any particular point in the sides or crown of
the fire-box at which to insert the tubes.

76

They may be continued down near to the bot-

tom of the fire-box, as shown by dotted lines
at 3% in Fig. 2. In this case the plate forming
the inner shell 2 may be bulged inward, as
shown at 2%, so as to form projections in
which the lower ends of the tubes 3* can be
secured, or a suitable junction-pipe, such as
2°, may ’be fixed at its ends to the adjacent
s1de of the fire-box, and to it the lower ends
of the tubes 3* can be fixed. Thenumber of
tubes shown in Fig. 1 is seventeen, nine be-
ing connected to one side of the fire-box and
eight to the other side. The number and also
the size of the tubes can, however, be varied
S0 as to provide the amount of extra heating-
surface required.

The water-tubes 3 are shown in Tig. 3 as in-
clined to the horizontal, the angle being such

as to cause free circulation of the water in

the tubes and the water-space 5 between the
inner and outer shells 1 and 2. The tubes at
the upper part of Fig. 4 are shown as connect-
ed to different parts of the same side plate of
the inner fire-box shell 2, The tube 3 at the
lower part of Fig. 4 is shown as fixed at one
end toone side of theinner fire-box shell and
at the other end to the rear end plate 2* of the
said inner fire-box shell. Fig. 3 shows in
dotted lines the rearward ends of -a number
of tubes so continued to the end plate 2°.
The tubes may also be arranged to cross from
one side of the fire-box to the other side, as
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indicated in dotted lines at 3* in Fig. 2. They

may also be arranged to connect the rear end
wall 2° to the roof of the fire-box, as indicated
by dotted lines at 3* in Fig. 1. The points
where the ends of the tubes are connected to
the plate or plates forming the inner shell of
the fire-box may be arranged nearer to orfar-
ther from the longitudinal center line &’ ' or
transverse center line ¢’ 4/’ of the fire-box, as
indicated, for example, by the pipes 3°.
(Shown in dotted lines in Fig. 4.)

The shape of the tubes as seen in plan may
be variously modified, as indicated in Fig. 4,
which -shows several different shapes the
tubes may assume; but they arepreferably so
arranged as to interfere as little as possible
with free access to the Dboiler-tubes. The
tubes may be so bent that they can be placed
in position by being passed through suitable
holes in the inner and outer shells, the ends
of the tubes being suitably fixed in the holes
in the inner shell—as, for example, by ex-
panding them by a tube-expander inserted
from the outside of the fire-box through the
holes in the outer shell 1. Fig. 4 shows the
tube ends thus fixed by expanding them in
the shell 2 of the fire-box. In this case the
holes in the outer shell 1, through which the
tubesareinserted, are made larger than those
in the inner shell and are fitted with remov-
able closures, such as screw-plugs 4 or covers
or doors 4*, which admit of ready access be-
ing gained to the tubes for the purpose of ex-
amining, cleaning, and removing them and
for further tightening u]p their ends in the
inner shell 2 when desired. :

Instead of fixing the ends of the water-tubes
by expanding them in holes in the walls and
crown of the fire - box, as hereinbefore de-
scribed, I prefer to connect them to the fire-
box by couplings or unions, which enable the
tubes to be readily detached and removed
when necessary through the fire-door open-
ing 8. In this case the removable closures 4
4* are dispensed with.

Figs. 5 and 6 show one form of coupling
suitable for this purpose. It comprises a hol-
low serew plug or nipple 9, (hereinafter called
a ‘“plug,”) which is screwed tightly into a
thickened part of the fire-box shell 2 and pro-+
jeets into the fire-box, and a nut 10, whichis
screwed onto the inwardly-projecting end of
the plug and also ontothe thickened adjacent
end 3% of the water-tube 3. Thescrewed part
of the plug projecting into the fire-box is
made larger in diameter than the serewed
part of the tube 3, and the pitch of the screw-
thread thereon is also made greater than that
on the tube. The two screw-threads on the
nut are made the one to fit the plug and the
other to fit the tube. To fix the tube end in
place,the nut is run back onto the tube,which
is placed in position, after which the nut 10
is run forward onto the plug and screwed up
tight.” As the screw-thread on the latter is
coarser than that on the tubeend, the conical
end of the tube is drawn tightly into or

against a conical seat 9* on the plug, thus
forming a steawm - tight joint. By screwing
back the nut the tube end can be readily de-
tached.

Figs. 7 and 8 show a modification in which
the tube end is provided with a collar 3¢, by
which its coned end is forced into close con-
tact with the coned end of the plug 9 by the
flange 10* of the coupling-nut 10. The collar
is preferably formed on a sleeve 3, screwed
tightly onto the tube end. .

In the arrangement shown in Figs. 9 and 10
the tube end has fixed to it in a fluid-tight
manner an externally-screw-threaded sleeve
11, having a coned end 11°, which is fixed in
place by passing it through the hole in the
fire-box plate 2 when the plug 9 is removed,
then serewing the said plug through the hole
until it bears in a water-tight manner against
the coned end 11* of the sleeve, and finally
screwing the nut 10 on the sleeve until it
bears in a steam-tight manner against the
plug.

Figs. 11 and 12 show a modification some-
what like that illustrated in Figs. 9 and 10, ex-
cept that the plug 9 serews onto the sleeve 11,
which is made shorter and is unprovided with
a nut.

Figs. 13 and 14 show another modification,
in which the tube end is outwardly flared or
coned and the interior of the plug 9 isin-
wardly coned, and a ferrule or ring 12, coned
externally and internally to fit the plug and
tube end, respectively, is forced into close
contact with each of them, so as to make a

70

75

8o

Q0

95

100

steam-tight joint with both and hold the tube

end in place by a foreing-nut 10, screwed into
the plug 9. The outer end of the plug may
be formed, as shown in dotted lines, to serve
as an abutment for the tube end. v

With each arrangement the tube endis re-
leased by simply sérewing back the nut 10in
Figs. 5 to 8, inclusive, and Figs. 13 and 14,
the nut 10 and plug 9 in Figs. 9 and 10, and
the plug 9 in Figs. 11 and 12.

I am aware that the tube-plate in the fire-

box of alocomotive-boiler has heretofore been .

connected to the rear end wall 2* of the fire-
box by rearwardly and upwardly inclined
water-tubes, upon which the brick arch has
sometimes been placed;also,that thesaid tube
plate has been provided with a rearwardly
and upwardly inclined water-chamber con-

. nected by tubes to the rear end plate 2* of the

fire-box; but such constructions, which are
outside the scope of my invention, are objec-
tionable in practice, because should anything
happen to the boiler-tubes 7, Figs. 1 and 3,
the water-tubes or water chamber and tubes
prevent ready access being gained to such
tubes. Thisobjection is obyviated by arrang-
ing the water-tubes in the manner hereinbe-
fore described. _

I am also aware that it has heretofore been
proposed to connect the crown of the fire-box
by water-tubes to the sides and front wall or
tube-plate of the fire-box, but in such cases
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no provision has been made to admit of such
tubes being easily and readily removed and
replaced without the necessity of taking the
boiler to pieces. This drawback is overcome
by employing the couplings or union herein-
before described.

‘What I claim is—

1. In a steam-generator of the locomotive
type, the combination with the inner shell of
the fire-box, of a series of bent tubes within
the fire-box on either side secured at their
ends-in said shell and extending obliquely
from the forward end of the box toward the
rearward end, whereby access to the flues is
unobstrueted and efficient circulation of the
water between the shells forming the walls of
the fire-box is effected. _

2. In a steam-generator of the locomotive
type, the combination with the fire-box of
such generator, of water-tubes located within
said fire-box and each of which has its ends
connected to the portion of the inner shell of

- the fire-box in rear of the tube-plate, so as to
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be in free communication with the water-
space formed by and between the inner and
outer shells of said fire-box, all of said tubes
being so arranged as to admit of free and un-
obstructed acecess to the boiler-tubes from the
fire-door, substantially as described.

3. In a steam-generator of the locomotive
type, the combination with the fire-box of
suchagenerator,of water-tubeslocated within

‘said fire-box and having their ends connected
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to the portion of the inner shell of the fire-
box in rear of the tube-plate, so as to be in
free communication with the water -space
formed by and between the inner and outer
shells of said fire-box, and coupling devices
whereby the ends of said tubes can be read-

ily connected to and disconnected from the |-

said inner shell from the inside of said fire-
box, substantially as described. -
4. In a steam-generator of the locomotive

type, the combination with the fire-box of
such generator, of water-tubes located within
said fire-box, and coupling devices provided
in the inner wall of the fire-box adapted to
thrust the ends of the tubes endwise and to
connect them in a detachable manner to said

-| inner wall, substantially as described.

5. In a steam-generator of the locomotive
type the combination with the fire-box of such
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generator,-of water-tubes located within said -

fire-box, hollow plugs or nipples screwed into
the innershell of the fire-box from the inside
and adapted to form seatings at their inner
ends, theendsof the said tubes being adapted

to form a joint with said seatings, and coup-

ling - nuts within the fire-box adapted to
tighten the ends of the tubes against the said
seatings, substantially as desecribed. :

6. In a steam-generator- of the locomotive
type the combination with the fire-box of such
generator, of water-tubes located within said
fire-box, hollow plugs fixed in the wall of, and
projecting inwardly into, the fire-box, the
projecting ends of each plug being externally
screw - threaded and formed with a conical
seating, and coupling-nuts each threaded in-
ternally at one portion to screw upon the cor-

responding plug and provided at another por-

tion of smaller diameter with internal screw-
threads of a different piteh to the others and
adapted to screw upon the screw-threaded
end portion of the adjacent water-tubes, the
ends of said water-tubes being coned corre-
spondingly to the seatings on the plugs, sub-
stantially as described.

In testimony whereof I have signed my
name to this specification in the presence of
two subsecribing witnesses.

WALTER MACKERSIE SMITH.

Witnesses:
Ravrr J. ROBSON,
JOON WEATHERBURN,

'
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