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My invention relates to steam generators, and
has for its object to provide a novel steam gen-
erator which has a high steam generating capac-
ity for a small size of structure, a generator in
which a very efficient circulation of water takes
place, one which is structurally easy to manu-
facture and easy to maintain in repair, and one
which is capable of withstanding corrosive action
of gases, has long life and has high efficiency
at different ratings.

My invention relates particularly to steam geri-
erators in which the water passes transversely
through the heating or combustion zone in two
directions. As & general proposition it has been
considered necessary in the vpast to obtain ther-
mosiphon circulation in a boiler of this type by
causing an upward flow of steam and water within
the heating chamber. This has been most com-
monly accomplished by slightly inclining the
tubes which are in direct contact with the prod-
ucts of combustion. Another method of accom-
plishing this has been to use a plurality of verti-
cally spaced tubes connected in series by bends
or headers. In either of these cases the de-
signer has had in mind a vertical displacement
of the water between the point of initial heat-
ing and the point of exit from the heating zone.
In both these cases there has been a difference
in elevation of the connections of the tube unit
for any one individual flow between the inlet to
the distributing header and the outlet to the
collecting header.

In the first case, in which the tubes are in-
clined, it is apparent that parallelism of header
walls is impractical in boilers of this type. For
various types of work it is desirable to have
what might be termed right angle construction
in which the combustion chamber or heating
chamber is a rectangular structure and the tubes
are disposed at right angles to the walls. This
is particularly true of boilers having extended
surface members encasing the tubes. I has been
proposed to cbtain the structural advantages of
right angle relationship of parts in a boiler by
superposed rows of tubes connected in series.
It will be evident that with this arrangement the
intensity of circulation is in part determined by
the number of vertical rows connected in series.
There are certain structural limitations in this
connection and, in a boiler of this type, partic-
ular care must be taken to avoid excessive re-
sistance to circulation at relatively low capacity
due to friction in the tubes.

In a boiler in accordance with the present in-
vention I provide loop tubes with the inlet and

(CL 122—279)

outlet of each tube at the same elevation. The
tubes are disposed strictly horizontally. Con-
sequently, the flow from the inlet of any U-tube

to the outlet thereof, i. e., the flow back and
forth across the combustion chamber or heating 5
chamber, is in a definite horizontal plane. I de-~
pend for thermosiphon circulation entirely on
the head differential in the outside connections.
By this means I obviate all structural limita-
tions as to number of superposed rows connected 10
in series and at the same time obtain the struc-
tural advantages of what I have termed right
angle construction.

The nature of my improved steam generator,
its advantages and further objects of the in- 16
vention will become apparent from a considera-
tion of the following specification, taken in con-
Jjunction with the accompanying drawings, form-
ing a part of this specification, which drawings
show several embodiments of the invention, and 20
of which:

Fig. 1 is essentially a vertical sectional view
of one form of my improved steam generator
taken on the line I—I1 of Fig. 2;

Fig. 2 is essentially a side view taken on the 25
line 2—2 of Fig. 1;

Fig. 3 is a transverse sectional view taken on
the lines 3-—8 of Fig. 1 and Fig. 2;

Fig. 4 is a vertical cross-sectional view taken
on the lines 4—4 of Fig. 6 and Fig. 7 showing 30
another form of steam generator embodying the
invention;

Fig. b is an end view of the structure shown
in Fig. 4;

Fig. 6 is a top view of the structure shown in 85
Big. 4;

Fig. 7 is a transverse sectional view taken on
the line T—7T of Fig. 4;

Fig. 8 is an enlarged sectional view taken on
the line 8—8 of Fig. 4; 40
Fig. 9 is a vertical sectional view taken on the
lines 8—§ of Fig. 10 and Fig. 11 showing still

another form of the invention;

Pig. 10 is a cross-sectional view taken on the

line {8—i0 of Fig, 9; 45
Fig. 11 is a horizontal sectional view taken on
the line ii—1!1 of Fig. 9;

Fig. 12 is an end view of the structure shown
in Figs. 9, 10, and 11;

Fig. 13 shows a modified header construction 50
for use in my novel steam generator;

Fig. 14 illustrates a detail of construction; and

Fig. 15 illustrates another detail.

The steam generator shown in Figs. 1, 2, and 3
comprises preferably four side walls which are dis- 55
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‘the same horizontal plane.

2

posed in vertical planes and at right angles to each
other so that the herizontal cross-section of the
interior or gas space of the boiler is rectangular,
as shown in Fig. 3. Af the two sides of the com-
bustion chamber {0 are vertically disposed flat
steel or cast iron plates {1 and §2. These plates
may be made up of sections of plate or may be
of single pieces of plate. Plates {i and 2 are
punched or drilled at right angles thereto with
tube holes.

Outside the gas passage or combustion or heat-
ing chamber {0 and to the ocutside of plate i{ and
near the bottom of the generator setting is a hori-
zontally disposed mud drum {3 carried by a cradle
14.. Cradle {4 is of the general shape of an I-beam
with the upper flange curved. Above mud drum
i3 are vertically disposed hedders {5 and (6.
The headers {8 are shorter than headers 6. For
convenience of description I term headers 45 dis-
tributor headers and headers {8 collector headers.
The headers {5 are alternately disposed with re-
spect to the headers 18§, as shown in Fig. 2. Nipples
7 connect the lower end of each of the headers
15 and {6 with mud drum 3. The mud drum, i3
serves as a support for the headers {8 and {8 by
means of the nipples {7.

On the oppesite side of the setting and on the
outside of the wall {2 is a steam and water drum
i8. The drum has its axis horizontally disposed
and is near the upper part of the setting. Con-
nected to the bottom of the drum is a series
of water connections {2, which extend downward-
ly and then horizontally, as shown in Fig. 1,
through the plates {2 and { | at right angles there-
to and connect into the upper ends of distributor
headers [5. Three steam and water connections
28, 2! and 22 connect the upper ends of each col-
lector header 1% with the steam and water drum
18. Connection 22 is connected to the top end of
collector header i§; connection 2{ is connected to
collector header §8 a short distance below the
top; and ccnnection 28 is connected a still fur-
ther distance below the top of the header 8.
Both the water condicting tubes {8 and the steam
and water connections 28, 2 and 22 may be con-
nected to the drum (8 in staggéred relation in-
stead of in'line as shown on the drawings.

Connecting headérs {5 with adjacent headers
i6 respectively are loop tubes 23. These loop tubes
extend horizontally across the combustion cham-
bér 18. One end of each loop tube 23 is expanded
into a header {5 and the other end of the loop tube
is expanded into a header i5. The connections of
each loop tube 23 to the headers {5 and (6 are in
The bent ends of the
loop tubes are horizontal and are outside the com-
bustion chamber on the outside of the plate 2.
Thus all the portions of the tubes which are in
the combustion space are straight, and the bends
and connections are protected by being outside the
combustion space. If desired, separate curved
connections may be used instead of the integral
bends. As shown in Fig. 2, the tubes 23 are ar-
arranged in vertical staggered relation. 'This is
also shown in Fig. 3. 'This affords a-tortucus
path for the products of combustion upwardly
through the combustion chamber, the general
line of flow being indicated by the arrows.

The tubes 23 are encased in surrounding mate-
rial, preferably cast iron members 24 of the type
known as gill rings or fins. These may be made
up in groups or singly, and are preferably shrunk
on the tubes. It will be seen that all the porticns
of the tubes within the combustion space are or
may be covered with this cast iren extended sur-
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face material. The tube holes in the plates are
large enough to accomodate the tubes with the
fins assembled thereon, the tubss being inserted
into the setting from the left as shown in Fig, 1.

Insulating material 25 may be inserted in suit-
able insulation casings 28 arcund the itubs ends
outside the plates {§ and 12. The headers (5
and i6 are provided with suitable access holes
21 for expanding the tubes 28 thereinto. At the
ends of the combustion chamber {8 are provided
cast iron members 28 which may be ribbed, as
shown, and which may be riveted or bolted to
the plates !{ and {2. The steam and water drum
is suitably supported by a bracket 3.

Steam is withdrawn from the steam and water
drum {8 through pipe 3! and is conducted to a
superheater 32 comprising headers §3 and 24, to
which are connected superheater tubes 35 of the
same general construction as the boiler tubes £3.

If the flow of gases is upwardly through the
generator, the superheater is placed at the bottom
as shown. Should the flow of gases be the other
way, the superheater would be placed in the hot
zone of the productés of combustion. .

Above the boiler section is an economixer 37.
The particular economizer I have shown includes
tubes extending horizontally and transversely of
the boiler setting in the opposite direction to that
of the tubes 23. The economizer tubes 38 are con~

nected in series, row by row, by connections 38:

outside the plates 46 forming the gas passage.
Feed waiter is admitted to the inlet header &1 and
is distributed to the tubes of the upper row and
thence flows, row by row, to the header 43, whence

the feed water flows by pipe 44 into the steamn s

and water drum 8. 'The economizer tubes are
likewise encased in extended surface cast iron
members. :

In the operation of the above described steam
generator, water fiows from the steam and water
drum through pipes #9 and into the various dis~
tributor headers {5. The water flows downwardly
in headers {§ and is distributed to the tubes 23.
The water flows through tubes 23, across the com-~
bustion chamber, through the bends outside the
plates 12 and back throcugh the other branches
of the tubes 22 across the combustion chamber to
the collector headers {6. Steam and water rise

“through the headers [§ and are delivered to the

steam and water drum through connections 28, 2
and 22. The heating of the tubes 23 causes the
formation of steam. )

‘Flow of the heated fluid across the heating
chamber 18 is strictly horizontal. 'The flow is
produced due to the difference in heads in the dis-
tributor headers and the collector headers, re-

“spectively. Hach distributor header contains only

or substantially only water. Hach collector head-
er contains a considerable proportion by volume
of steam. Consequently the columns of fluid in
the distributor headers are heavier than the fluid

“columns in the collector headers. This produces

circulation downwardly in the distributor headers
and upwardly in the collector headers. This i~
duces the circulation in the locp tubes 23 due to
the pressure differential between the inlet and
outlet of each loop tube due to the head differen-
tial. - It wiil be seen that the vertical directional

~ effect for producing circulation is not within the

heating or combustion chamber, but is outside the
same and that the size of the tubes 23 does not
affect the rate of circulation if the size is not so
small as to give high fricticn loss. I contemplate
using. tubes of 2 inches or more in diameter,
though it is to be understood that this statement
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is made for illustrative purposes only and not by
way of limitation.

With. this construction the boiler may be built
up to a considerable height; that is, the construc-
tion becomes less dependent on height than pre-
vious constructions of the same type having ver-
tically spaced tubes in series.

It will be seen that the steam connection to the
drum through pipes 20, 21 and 22 is of greater
cross-sectional flow area than the water connec-
tion through pipes (9. Also pipes {9 are con-
nected at the bottom of the drum whereas the
pipes 20, 21 and 22 are connected at a higher
level and preferably above the liquid level. The
size, shape and position of these connections as-
sure circulation in the manner above stated.
Conduits 18, due to their relative restricted size,
tend to prevent flow of steam upwardly through
the distributor headers and thus insure the cor-
rect direction of flow. :

With the above described construction, a maxi-
mum heating surface can be provided in a mini-
mum space. The structure is compact. Tube re-
placement is easy since any loop tube can readily
be withdrawn individually from the side opposite
the headers. It is not necessary to enter the
heating chamber to alter any of the parts. All
the tube joints are outside the heating chamber.
And the construction particularly lends itself to a
most efficient utilization of fins, gill rings or the
like.

It may be desirable to place restrictions at the
inlets of the loop tubes in some constructions in
order to ensure flow in the right direction and
these restrictions may be of different cross-sec-
tion, smaller as the tubes are farther down, to
compensate for differences in flow-producing
head as shown at 60, 61 and 62 in Fig. 14.

The steam generator shown in Figs. 4 to 8 in-
clusive is in general similar to the steam gen-
erator of Figs. 1 to 3. The tubes 23 are encased
in extended surface members 24, preferably of
cast iron, and which are corrosion-resisting. The
tubes are so close that the fins 24 almost touch
each other, thus giving high gas velocity. This
form includes only one vertically disposed dis-
tributor header {5« and one vertically disposed
collector header (6a. The distributor and col-
lector headers are of rectangular cross-section
and the collector header may be of greater cross-
sectional area than the distributor header. The
headers are disposed adjacent to and outside the
wall {fa. The tubes are staggered as shown in
Fig. 7 and the side plates 28a are made of corru-
gated cast iron in order to provide a sinuous
passageway to conform to the staggered rela-
tion of the tubes and to avoid relatively large
gas spaces between tubes and to give high gas
velocity. This arrangement, including corrugated
side plates close to the tubes, is advantageous for
such applications as treatment of exhaust gases
of Diesel engines. In will be noted that the corru-
gation of the side plates prevents straight or
streamline flow adjacent any side wall and there-
by increases the effectiveness of such a device
when used for mufiling purposes. In this arrange-
ment the gases are caused to have sinuous flow
transversely as well as being restricted and ex-
panded in the general line of flow whereby good
muffiing effect can be obtained.

Wall structure Ila is a double wall comprising
an inner wall 50 and an outer wall 5{. These
walls are parallel and spaced somewhat from each
other, the intermediate space being preferably
filled with insulating material 52. Wall 88 is

3

preferably made of cast iron or other corrosion-
resistive material since it is directly subjected to
the hesat of the heating chamber, Since the tubes
are staggered and since it is desirable for certain
purposes that the tubes are connected fo the
headers in alignment, the tubes must be bent. If
the tubes are bent inside the heating chamber,
it is difficult to surround the tubes with extended
surface members without the provision of special
members or special manufacture. If the bends
are outside the heating champer and between the
wall structure Ite and the header, it is difficult
to expand the tube into the wall structure f(la,
particularly after the apparatus is assembled. I
therefore have provided the double wall in order
to be able to use one kind of members for encas-
ing the tubes and at the same time entirely sur-
rounding the tubes in the heating chamber with
the extended surface members, while permitting
expanding of the tubes intc the wall after as-
semblage. The tubes are bent between the two
plates of the double wall so that they pass at
right angles both through the inner plate 50 and
the outer plate 51. Hand holes 53 provided with
suitable hand hole covers are provided opposite
the tubes in the headers {5« and {6a. It will be
seen that the portions of the tubes between the
wall structure !la and the headers are straight.
Hence, an expanding tool can be inserted through
the hand holes for expanding the tubes into the
wall structure |la whereby gas tightness is ob~
tained. This is particularly important in connec-
tion with certain corrosive gases. The space be-
tween the plates is preferably filled with insula-
tion material or refractory whereby the uncovered
portions of the tubes are protected from the gases
both by the plate 50 which is, in effect, a baffle
plate, and the insulating material. The loop
ends of the tubes, as in the case of the previously
described embodiment, extend through the op-
posite wall and are encased in insulating material
within a gas tight enclosure 26a. It will be seen
that this steam generator can readily be made gas
tight because the wall corners can be readily made
gas tight and the only other places needing atten-
tion are the places where the tubes pass through
the wall and the arrangement herein disclosed
facilitates the expanding of these tubes into the
wall to give gas tightness. Besides having the ad-

vantages above described, this construction facili- 5

tates the staggering of the tubes in the heating
chamber, thereby improving heat absorption. It
will be seen that only two forms of loop tubes.are
necessary, and it will be cbvious that by suitably

placing the headers it is possible to use but one 5

form of loop tube construction in which adjacent
loop tubes are simply reversed as to position. For
purposes of replacement, with.either arrange-
ment only one form of loop tube is necessary, the
end of one branch being cut to facilitate applica-
tion to header construction of the type shown
in Fig. 8.

The walls or plates through which the tubes
pass and which are directly contacted by the heat~
ing gases, may be made up of plate sections indi-
vidually fitted onto the loops.

In this embodiment, the drum {8« is disposed
verticailly. Water passes from the drum through
connection 54 to the header i8a. The water passes
through the tubes 22 and into header [8e¢ and
thence through connections 28a, 2ia, 22¢ and 55 to
the steam and water drum. A connection 58ispro-
vided to vent any vapor or gas from the distributor
header {5a to the steam and water drum.

This embodiment includes the characteristic
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‘feature of the invention in that the tubes are hori-
‘zontal and the ends therecof are connected to the

effect.

distributor and collector headers at the same ele-
vation. This embodiment is of the right angle
construction above described. The flow of gases

‘may be either upwardly or downwardly. A mini-
‘mum gas passage has been provided, thus giving

a high velocity of flow of gas which is advan-
tageous for heat transmission and for preventing
deposits on the heat absorbing surfaces.

In Pigs. 9 to 12 is shown a steam generator

‘which is particularly applicable {o heating by cer-
tain waste heat gases.

Vertical headers 15a and
{6 are shown which are similar to those of the
last described embodiment. The steam and water

‘drum (8c is placed immediately above and only a
‘short distance above the headers

i3a and {8a.
Short direct connections (8¢, 28c and 2ic connect

‘the steam and water drum with the headers.

These short connections and the position of the

‘steam and water drum directly above the headers
‘insure free circulation. This arrangement obvi-

ates extending any bare tubes through the heating
space as in the structure shown in Fig. 1, the
avoidance of bare tubes in the heating chamber
being particularly advantageous with certain cor-

‘rosivewastegases. It will he noted that the down-
-comer connection i8c is of smaller cross-sectional

ares, than the combined cross-sectional area of
the upcomer connections 28c and 2{c.

Blow-off connections 56 are connected to each
of the headers f5a¢ providing a maximuin cleaning
The side walls 28¢ in this case are made
of refractory and may be curved to increase the
velocity of the heating gases. Again in this em-

‘bodiment the characteristic of the invention is

present, in that the point of entry of the heated

‘fluid into the heating space and the point of exit

thereof are at the same level.

In the embodiments of the invention where a
double wall is used and the tubes are bent between
the wall plates, the protection may be afforded as
shown in Fig. 15 by refractory members held on
meatal pieces 83 bridging the various loop tubes or
supported on the side walls. This facilitates re-
moval and replacement of tubes since refractory
so supported will not fall when any tube is re-

‘moved and will not be struck by a tube being re-

inserted. Such metal member may be in the form
of an angle member with a base portion for sup-

“porting the refractory and a front portion to the
“fire side for protecting the refractory.

‘In Fig. 13 the distributor headers {5d and the
collector headers {6d are comibined, as shown, into
units each comprising one distributor header and
one collecting header. .

It will be understeod that the invention is capa-
ble of further modifications and that I am not to
be limited to the structures shown and described.
Tor instance, in certain cases it may be possible
to extend the collector and distributor headers up-~
wardly and eliminate the steam and water drum.

What I claim is:

1. A steam generator comprising wall structure

enclosing a heating chamber, said wall structure -
including a vertical wali, a collector header out-
- side s2id chamber and adjacent said vertical wall,

a distributor header outside said chamber and ad-
jacent said vertical wall, a horizonfally extending
loop tube extending within said chamber and
passing through said vertical wall at right angles
‘thereto, one end of said tube being connected to

said distributor header and the other end being

connected to said collector header, the connec-
tions of the tube to the headers being at the same

2,013,829

elevation, and extended surface members sur-
rounding said tube in said chamber, the portions
of said tuke between the headers and said vertical
wall being straight and the tube being expanded
into said wall. .

2. A steam generator comprising vertically dis-
posed walls enclosing a heating chamber, a series
of vertically disposed distributor headers outside
said chamber, a series of vertically disposed collec-
tor headers cutside said chamber, the distributor
headers and the collector headers being alternate-
ly disposed, horizontally extending loop tubes ex~
tending within said heating chamber and connect-
ing each distributor header with each collector
header at the same elevation, a steam and: water
drum, connections from the steam and water drum
to -the distributor headers, and connections be-
tween the collector headers and the steam and
water drum providing thermosiphon flow.

3. A steam generator comprising vertically dis-
posed walls enclosing a heating chamber, a series
of vertically disposed distributor headers, a series
of vertically disposed collector headers, the dis-
tributor headers and the collector headers being
alternately disposed, horizontally extending loop
tubes extending within said heating chamber and
connecting each distributor header with each col-
lector header at the same elevation, a steam and
water drum, open connections from the steam and
water drum to the upper portions of the distribu-
tor headers, and open connections beftween the
upper portions of the collector headers and the
steam and water drum.

4, A steam generator comprising vertically dis-
posed walls forming a setting and enclosing a
heating chamber, a series of vertically: disposed
distributor headers outside said chamber, a series
of vertically disposed collector headers outside said
chamber, the distributor headers and the col-
lector headers being adjacent and alternately 40

s

a0

20

25

80

“disposed, horizontally extending loop tubes con-

necting each distributor header with each col-
lector header at the same elevation and ex-
tending through walls of the setting, a steam
and water drum, connections from the steam and 45
water drum to the distributor headers, and con-
nections between the collector headers and the
steam and water drum providing thermosiphon
flow.

5. A steam generator comprising vertically dis- 50
posed walls forming a setting and enclosing a
heating chamber, a series of vertically disposed
distributor headers, a series of vertically dis-
posed ‘collector headers, the distributor headers
and the collector headers bheing adjacent and 55
alternately -disposed, horizontally extending loop
tubes connecting each distributor header with
each collector header at the same elevation and
extending through walls of the setting and being
looped outside one of the walls-of the setiing and 60
connected to the headers cuiside ancther wall, a
steam and water drum, conhections .from the
steam and water drum to the distributor headers,
and connections between the collector headers
and the steam and water drum.

6. A steam generator comprising vertically dis-
posed walls enclosing a heating chamber, a series
of vertically disposed distributcr headers, a series
of vertically disposed collector headers, the dis-
tributor headers and the collector headers being 70

65

. alternately disposed, horizontally extending tubes
‘extending within said heating chamber and each

connecting a distributor header with a collector
header at the same elevation, a steam and water

~drum, open connections from the steam and water 79
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drum to the distributor headers, and open con-
nections between the collector headers and the
steam and water drum. :

7. A steam generator comprising vertically dis-
posed walls enclosing a heating chamber, a series
of vertically disposed distributor headers, a series
of vertically disposed collector headers, the dis-
tributor headers and the collector headers being
alternately disposed, horizontally extending loop
tubes extending within said heating chamber and
connecting each distributor header with each col-
lector header at the same elevation, extended
surface corrosion-resisting material on said tubes,
a steam and water drum, open connections from

- the steam and water drum to the upper portions

of the distributor headers, and open connections
between the upper portions of the collector
headers and the steam and water drum.

8. A steam generator comprising vertically dis-
posed walls enclosing a heating chamber, a series
of vertically disposed distributor headers, a series
of vertically disposed collector headers, the dis-
tributor headers and the collecter headers being
adjacent and alternately disposed, horizontaily
disposed loop tubes connecting each distributor
header with each collector header at the same
elevation and having the loop bends therecf hori~
zontal and situated outside the heating chamber
at the opposite side of the generator to the dis-
tributor and collector headers, a steam and water
drum, water connections from the steam and
water drum to the distributor headers, and steam
and water connections between the collector
headers and the steam and water drum, whereby
thermosiphon flow is produced due to head differ-
ential outside the heating chamber.

9. A steam generator comprising wall structure
enclosing a heating chamber, said wall structure
including a vertical wall, a collector header out-
side said chamber and adjacent said vertical wall,
a distributor header ouiside said chamber and
adjacent said vertical wall, a horizontally extend-
ing loop tube extending within said chamber and
passing through said vertical wall at right angles
thereto, one end of said tube being connected to
said distributor header and the other end being
connected to said collector header, said wall struc-
ture including an inner wall parallel to and
spaced from said vertical wall, said tube passing
at right angles through said inner wall and be-
ing bent between said walls, the portions of said
tube between the headers and said first-men-
tioned wall being straight, and said tube being
expanded in said first-mentioned wall.

10. A steam generabtor comprising wall struc-
ture enclosing a heating chamber, said wall struc-
ture including a vertical wall, a collector header
outside said chamber and adjacent said vertical
wall, a distributor header outside said chamber
and adjacent said vertical wall, a horizontally ex-
tending loop tube extending within said cham-
ber and passing through said vertical wall at
right angles thereto, one end of said tube being
connected to said distributor header and the other
end being connected to said collector header, the
connections of the tube to the headers being at
the same elevation, said wall structure including
an inner wall parallel to and spaced from said
vertical wall, said tube passing at right angles
through said inner wall and being bent between
said walls, the portions of said tube between the
headers and said first-mentioned wall being
straight, and said tube being expanded in said

first-mentioned wall.

11. A steam generator comprising wall struc-
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ture enclosing a heating chamber, said wall struc-
ture including a vertical wall, a coillector header
outside said chamber and adjacent said vertical
wall, a distributor header outside said chamber
and adjacent said vertical wall, a horizontally g
extending loop tube extending within said cham- -
ber and passing through said vertical wall at
right angles thereto, one end of said tube being
connected to said distributor header and thie other
end being connected to said collector header, yq.
said wall structure including an inner wall parallel

1o and spaced from said vertical wall, said tube
passing at right angles through said inner wall
and being bent between said walls, the portions

of said tube between the headers and said first- 15
mentioned wall being straight, said tube being
expanded in said first-mentioned wall, and pro-
tective material between said first-mentioned
wall and said inner wall.

12. A steam generator comprising vertically 20
disposed walls enclosing a heating chamber, a
series of vertically disposed distributor headers,

a series of vertically disposed collector headers,
the distributor headers and the collector headers
being alternately disposed and the collector head- g5
ers having their upper ends at a higher level than
the upper ends of the distributor headers, hori-
zontally extending loop tubes extending within

"said heating chamber and connecting each dis-

tributor header with each collector header at the gg
same elevation, extended surface corrosion-re-
sisting material on said tubes, a steam and water
drum, connections from the steam and water
drum to the upper portions of the distributor
headers, and connections between the upper por- gs
tions of the collector headers and the steam and
water drum. .

13. A steam generator comprising vertically
disposed walls enclosing a heating chamber, a
horizontal drum at the lower part of the steam 44
generator outside the heating chamber and ad-
jacent one of the walls, a series of vertically dis-
posed distributor headers, a series of vertically
disposed collector headers, the distributor head-
ers and the collector headers being adjacent and 45
alternately disposed, nipples connecting said
headers with said horizontal drum, horizontally
disposed loop tubes connecting each distributor
header with each collector header at the same
elevation and having the loop bends thereof hori~ 5o
zontal and situated outside the heating chamber
at the opposite side of the generator to the dis-
tributor and collector headers, a steam and water
drum, water connections from the steam and
water drum to the . distributor headers, and 55
steam and water connections between the col-
lector headers and the steam and water drum. .

14. A steam generator comprising vertically
disposed walls disposed at right angles and form-
ing a setting and enclosing a heating chamber of g0
rectangular cross-section, a series of vertically
disposed distributor headers, a series of vertically
disposed collector headers, the distributor head-
ers and the collector headers being outside the
heating chamber on one side thereof and alter- ¢5
nately disposed, horizontally extending loop
tubes connecting each distributor header .with
each collector header at the same elevation and
extending through opposite walls of the setting
at right angles thereto and being looped outside 70
one of the walls of the setting and connected to
the headers outside the opposite wall, extended
surface rings covering said tubes within the heat-
ing chamber, a steam and water drum, connec-
tions from the steam and water drum to the dis- 76
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tributor headers, connections between the col-
lector headers and the steam and water drum, a
superheater comprising tubes passing through
and at right angles to opposite walls of the set-
ting, and extended surface rings covering said
superheater tubes within said heating chamber.

15. A steam generator comprising vertically
disposed walls disposed at right angles and form-
ing a setting and enclosing a heating chamber of
rectangular cross-section, a series of vertically
disposed distributor headers, a series of vertically
disposed collector headers, the distributor head-
ers and the collector headers being outside the

. heating chamber on one side thereof and alter-

nately disposed, horizontally extending loop
tubes connecting each distributor header with
each collector header at the same elevation and
extending through opposite walls of the setting
at right angles thereto and being looped outside
one of the walls of the setting and connected to
the headers outside the opposite wall, extended
surface rings covering said tubes within the heat-
ing chamber, a steam and water drum, contec-~

_ tions from the steam and water drum to the dis-
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tributor headers, connections between the collec-
tor headers and the steam and water drum, a
superheater comprising tubés passing through
and at right angles t¢ opposite walls of the set-

... ting, extended surface rings covering said super-
30~

heater tubes within the heating chamber, an
economizer comprising tubes passing through and
at right angles to opposite walls of the setting,
and extended surface rings covering said econo-

. mizer tubes within the heating chamber.
35"

16. A steam generator comprising wall struc-
ture enclosing a heating chamber, said wall struc-
ture including a vertical wall, a collecior héader
outside said chamber and adjacent said vertical
wall, a distributor header ouifside said chamber
and adjacent said vertical wall, and a horizontally
extending loop tube extending within said cham-
ber and passing through said vertical wall at
right angles thereto, one end of said tube being
connected to said distributor Liéader and the other
end being connected to said collector header, said
wall structure including an inner wall spaced
from said vertical wall, said tube passing at right
angles through said inner wall and being bent
between said walls, the portions of said tube be-

" tween the headers and said first-mentioned wall

being straight.
17. A steam generator comprising a heating
chamber, a vertically disposed distributtor header,

.. @ vertically disposed collector héader, a plurality
55"

of horizontally disposed loop tubes extending
within the heating chamber, each having one end
of the tube connected to the distributor header
and the other end connécted to the colléector
hedder, the connections of the ends of each loop
tube to said headers béing at substantially the
same elevation, a steam and water drum, a con-
nection from the distributor header to said drum,
a connection from the collector header to said
drum, and restrictions in the loop tubes adjacent
the distributor header to cause the steam gener-
ated in said tubes to flow toward the collector
headers.

18. A steam generator comprising a heating

. chamber, a vertically disposed distributor header,

a vertically disposed collector header, a plurality
of horizontally disposed loop tubés extending
within the heating chamber, each having one end
of thé tube connected to the distributor header
and the othér end connécted to the collector
header, the connections of thé énds of each loop

2,015,896

tube to said headers being at substantially theé:
same elevation, restrictions in the loop tubes ad--
jacent the distributor header to cause the steam’
generated in said tubes to flow toward the col-
lector headers, a steam and water drum, a-con-
nection from the distributor header to said dium’
and a connection from the collector header to’
said drum to provide thermosiphon circulation
from said drum through the distributor header,
loop tubes, collector header and back to the drum: 10

19. A steam generator comprising a heating
chamber, a series of vertically disposed distribu-~
tor headers, a series of vertically disposed col--
lector headers, the distributor headers and the
collector headers being alternately disposed, hori- 15 -
zontally extending loop tubes in  the heating
chamber and connecting each distributor header
with each collector header at the same elevation,
a steam and water drum, connections from the
steam and water drum to the distributor head- 20
ers, connections between the collector headers
and the steam and water drum providing ther~
mosiphon flow, and restrictions in the loop tubes
adjacent the distributor headers to cause the
steam generated in said tubes to flow toward the 25 -
collector headers.

20. A steam generator comprising a heating
chamber, a vertically disposed distributor header,
a vertically disposed collector header, a plurality
of horizontally disposed loop tubes extending 30
within the heating chamber, each having one end
of the tube connected to the distributor header
and the other end connected to the collector
header, the connections of the ends of each loop . .
tube to said headers being at substantially the 85
same elevation, a steam and water drum, a con-
nection from the distributor header to said drum,
a connection from the collector header to said
drum, and restricting means causing the steam
generated in said tubes to flow toward the col-
lector headers.

21. A steam generator comprising a heating
chamber, a vertically disposed distributor header,
a vertically disposed collector header, a plurality .
of horizontally disposed loop tubes extending 45
within the heating chamber, each having one end
of the tube connected to the distributor header
and the other end connected to the collector
header, the connections of the ends of each loop 50"
tube to said headers being at substantially the
same elevation, a steam and water drum, a
connection from the distributor header to said
drum and a connection from the collector header
to said drum having a larger flow area than the gx
connection from the distributor header to the
drum.

22. A steam generator comprising a heating
chamber, a vertically disposed distributor header,
a vertically disposed collector header, a: plurality g¢
of horizontally disposed loop tubes extending
within the heating chamber, each having one end
of the tube connected to the distributor header
and the other end connected to the collector
header, the connections of the ends of each loop 65
tube to said headers being at substantially the
same elevation, a steam and water drum, a con-
nection from the distributor header to said drum
and a connection from. the collector header to
said drum, the collector header having a larger 70
flow area than the distributor header.

23."A steam generator comprising a heating
chamber, a vertically disposed distributor header,
a vertically disposed collector header, a plurality ..
of horizontally disposed loop tubes extending 17
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within the heating chamber, each having one
end of the tube connected to the distributor head-
er and the other end connected to the collector
header, the connections of the ends of each loop
tube to said headers being at substantially the
same elevation, a steam and water drum, a con-
nection from the distributor header to said drum
and a connection from the collector header to
said drum having a larger flow area than the con-
nection from the distributor header to the drum,
the collector header having a larger flow area
than the distributor header.

24. A steam generator comprising a heating
chamber, a vertically disposed distributor header,
a vertically disposed collector header, a plurality
of horizontally disposed loop tubkes extending
within the heating chamber, each having one end
of the tube connected to the distributor header
and the other end connected to the collector
header, the connections of the ends of each loop
tube to said headers being at substantially the
same elevation, a steam and water drum, a con-
nection from the distributor header to said drum
and a connection from the collector header fo
said drum above the normal water level in said
drum, the latfer connection having a larger flow
area than the former.

25. A steam generator comprising a heating
chamber, a vertically disposed distributor header,
a vertically disposed collector header, a plurality
of horizontally disposed loop tubes extending
within the heating chamber, each having one end
of the tube connected to the distributor header
and the other end connected to the collector
header, the connections of the ends of each loop
tube to said headers being at substantially the
same elevation, a steam and water drum, a con-
nection from the disfributor header to said drum,
a connection from the coilector header to said
drum having a larger flow area than the con-
nection irom the distributor header to the drum,
and restrictions in the loop tubes adjacent the
distributor header to cause the steam generated
in said tubes to flow toward the collector headers.

28, A steam generator comprising a heating
chamber, a vertically disposed distributor head-
er, a veriically disposed collector header, a plu-
rality of horizontally dispcsed loop tubes extend-
ing within the heating chamber, each having one
end of the tube connected to the distributor head-
er and the other end conmected to the collector
header, the connections of the ends of each loop
tube to said headers being at substantially the
same elevation, and means connecting the upper
ends of the distributor and collector headers, the
collector header having a larger flow area than
the distributor header.

27. A steam generator comprising a heating
chamber, a vertically disposed distributor head-
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er, a vertically disposed collector header, a plu-
rality of horizontally disposed loop tubes ex-
tending within the heating chamber, each hav-
ing one end of the tube connected to the distrib-
utor header and the other end connected to the
collector header, the connections of the ends of
each loop tube to said headers being at substan-
tially the same elevation, restrictions in the loop
tubes adjacent the distributor header to cause
steam generated in the tubes to flow toward the
collector header and means connecting the upper
ends of the distributor and collector headers.

28. A steam generator comprising a heating
chamber, a vertically disposed distributor head-
er, a vertically disposed collector header, a plu~-
rality of horizontally disposed loop tubes extend-
ing within the heating chamber, each having one
end of the tube directly connected to the dis-
tributor header and the other end directly con-
nected to the collector header, the connections
of the ends of each loop tube to said headers
being at substantially the same elevation, a steam
and water drum, a connection from the distrib-
utor header to said drum and a connection from
the collector header to said drum, the arrange-
ment providing thermosiphon circulation through
the generator,

29. A steam generator comprising a heating
chamber, a vertically disposed distributor header
disposed outside the heating chamber, a verti-
cally disposed collector header, a plurality of
horizontally disposed loop tubes extending within
the heating chamber, each having one end of the
tube directly connected to the distributor header
and the other end directly connected to the col-
lector header, the connections of the ends of each
loop tube to said headers being at substantially
the same elevation, a steam and water drum, a
connection from the distributor header to said
drum and a connection from the collector header
to said drum, the arrangement providing thermo-
siphon circulation through the generator.

30. A steam generator comprising a heating
chamber, g vertically disposed distributor header
disposed outside the heating chamber, a verti-
cally disposed collector header disposed outside
the heating chamber, a plurality of horizontally
disposed loop tubes extending within the heating
chamber, each having one end of the tube direct-
ly connected to the distributor header and the
other end directly connected to the collector head-
er, the connections of the ends of each loop tube
to said headers being at substantially the same
elevation, a steam and water drum, a connection
from the distributor header to said drum and a
connection from the collector header to said drum,
the arrangement providing thermo-siphon circy-
lation through the generator.
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