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The invention described herein, if pat 
ented, may be used by the Government, or 
any of its officers or employees in prosecu 
tion of work for the Government, or by any 

5 other person in the United States, without 
the payment to me of any royalty thereon. 
My improvements in steam and vapor 

generators apply to the type known as Water 
tube boilers, particularly that type of steau 

10 generator used in automobiles, steam vehi 
cles, Small boats, and aeroplanes. 
An object of the invention is to provide a 

steam-generator which shall have a large 
generating capacity as compared with its 

15 bulk, and which at the same time may be 
easily and quickly repaired. 
Another object of my invention is to pro 

vide a steam-generator in which the heat of 
the burning fuel is efficiently and rapidly 

20 transferred by radiation as well as by con 
diction to the heat absorbing medium con 
taining the water or other liquid to be 
vaporized. 
Another object of my invention is to pro 

25 vide a steam-generator for producing Super 
heated steam without the additional use of 

: a superheater. . . . . 
Other advantages of my invention will be 

apparent from the following detailed de 
30 scription, when taken in connection with the 

accompanying drawings; in which -- . 
Figure 1 is a plan view of the steam 

generator, with the top removed; parts be 
ing cut away to more clearly illustrate the 

35 invention. 
Figure 2 is a plan view of a modified form 

showing a suitable arrangement for large 
units. m 

Figure i3 is a cross-sectional view on line 
40 3-3, Fig. 4, of the lower header showing 

feed-water heater incorporated therein. 
Figure 4 is a vertical sectional view of my 

steam-generator, showing the general ar 
rangement of the combustion chamber, water 

45 tube coils, headers, etc.; and, 
Figure 5 is an enlarged view of the heat 

absorbing vanes inserted between the coils to 
radiate heat to the coils. 

Referring to the drawings more in detail, 
50 the steam generator consists of a suitable 

hetallie casing. 1, with a suitable heat in 
stilating: lining. 2; the botton part of Said 
casing being attached to and reinforced by 
an angle bar 3 which is welded to the lower 

Water header 4 and a reinforcing cross mem 
ber 5, which act as supports for cylindrical 
helical coils of piping 6, 6b, 6, 6, suitably 
arranged within the compartment formed 
by the casing and around a combustion 
chamber 7. The cylindrical helical coils of 
piping. 6", 6", 6", 6", are arranged concentri 
cally, with passages between each to permit 
the passage of hot gases, and are securely 
connected at the lower end to a water header 
4 and at the upper end to a steam header 9. 
Arranged within the circle of the inner coil 
of piping 6 and running from the top of 
the coil to the bottom and resting upon the 
lower header 4, is a bucket shaped combus 
tion chamber 7, formed of any suitable re 
fractory material or other material with a 
high melting point. The interior wall of 
the combustion chamber is fluted from top, 
to bottom, thereby forming heat absorbing 
vanes 10 which absorb the heat of combus 
tion and conduct it to the Outer Wall of the 
combustion chamber where it is radiated to 
the inner coil pipe 6". The upper part of 
the outer wall of the combustion chamber 
7 terminates in a shoulder or projecting wall 
11 that fits snugly within the coil pipe 6", 
thereby preventing the gases passing be 
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tween the outer wall of the combustion 
chamber and the inner surface of the coil 
pipe 6". Should the gases pass between the 
combustion chamber and the coil they would 
be discharged at a higher temperature than 
they had upon entering the passage, due to 
the high radiant heat in the passage, and 
would thus lessen the efficiency of the steam 
generator. On the bottom of the combus 
tion chamber is placed some broken refrac 
tory material which is raised to a white heat 
in the combustion of the gases and thereby 
assists in the proper combustion of the in 
coming cold gaseous mixture; and also acts 
as an insulator to prevent the radiant heat 
escaping through the bottom of the com 
bustion chamber. 

Instead of making the combustion cham 
ber of an opaque refractory material it may 
be made of a transparent or trainslucent mal 
terial with a high melting point. Such as 
quartz. The use of such a material will per 
mit more radiant heat reaching the Water 
containing element than would be the case 
should an opaque material be used 
A top 12 for the generator lined with suit 
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able insulating material 13 is Securely but 
detachably fastened to the casing or Wall 1 
so that it may be readily removed for in 
spection of the interio', or for other pur 
poses. s 

The gases or fuel for combustion are ill 
troduced into the combiastion chamber by a 
biower or other suitable means through the 
nozzle or fuel burner 14, placed in an open 
ing in the top 12 and directly over the center 
of the combustion chanabel'. The gases al'e 
ignited by a spark plug 17 or other suitable 
means for ignition arranged within the Walls 
of the nozzle, and then pass on to the pri 
mary combustion chamber, where they are 
thoroughly mixed and combustion is partly 
completed. The hot gases in process of coln 
bustion give off a considerable quantity of 
heat to the combustion chamber which ra 
diates the heat to the inner coil pipe. After 
combustion is mostly completed the hot gases 
pass into the upper or secondary combustion 
chamber where combustion is completed; the 
gases then passing down between the coil 
pipes and discharging through the opening 
19, as indicated by the heat arrows. 
To prevent the flames igniting the incom 

ing gases in the supply pipe 15 a wire mesh 
16 is inserted in the line between the nozzle 
and the supply pipe. It may happen that 
the gases enteiring the combustion chamber 
are not ignited immediately and will ac 
cumulate to such an extent that an explo 
sion may take place upon ignition which is 
liable to damage the generator. To guard 
against any damage being done in case of 
an explosion I provide a relief valve 20 
preferably mounted in the bottom of the cas 
ing; said valve adapted to open and release 
any excessive pressure to the atmosphere. 
The time it takes for a heat absorbing 

element to also b heat from hot gases de 
pends to a great extent upon the velocity of 
the gases past, the element and the amount 
of radiant heat impinging upon the element. 
In the steam-generator described herein the 
Water tubes will absorb just so much heat 
from the passing gases, depending upon the 
Velocity of the gases, in a given length of 
time and no more. in order to transmit a 
greater amount of heat to the tubes I provide 
W-shaped vanes 21 in the gas passages be 
tween the tubes to absorb heat from the gases 
and transmit it by radiation and conduction 
to the tubes. In the walls of the vanes 21 
al'e projections 22 which cause eddies in the 
gases in order to cause every particle of gas 
to lake contact with the tubes and vanes. 

Inside the water header 4 I provide a 
feed-water heating unit consisting of a tube 
23, with heat absorbing vanes 25 on the in 
terior surface, running the full length of the 
header to transmit heat from the exhaust 
steam of the engine or other form of power 
plant, which steam enters the feed water 
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heater at B and exhaust at B into a con 
denser, to the feed-Water in the water pas 
sage 24 between the outer wall of the tube 
23 and the inner wall of the header 4. The 
Water for generating steam enters the lower 
header 4 through an intake pipe A" and 
passes through the passage 24 to the Water 
tubes 6, 6, 6°, and 6, where it is converted 
into steam. The steam passes into the steam 
header 9 as superheated Steam and from 
there to the engine or other power unit, 
through the opening A. By observing the 
flow of gases through the tubes and the flow 
of water within the tubes it will be seen that 
the Water and gases go in an opposite direc 
tion. in this arrangement only the Water 
at the top in the tubes is evaporated into 
Steam as it has a higher temperature than 
the Water in the lower part of the tubes. 
The supply and control system for the 

liquid to be evaporated and the fuel for com 
bustion is not shown herein as they will 
be shown in a subsequent application, but 
any One familiar with steam generating 
plants will understand how the various sys 
tems of Water and fuel supply may be ap 
plied and used with the steam or vapor gen 
erator described herein. 
In accordance with the patent statutes, I 

have described what I now believe to be the 
best embodiment of my invention, but I do 
not Wish to be undel'stood thereby as limiting 
llyself or the Scope of my invention, as many 
modifications may be made without depart 
ing from the spirit of my invention, and all 
Silch aim to include in the scope of the 
appended claims. 
What I claim as new and desire to secure 

by Letters Patent is:- 
1. in a steam or vapor generator, a com 

bustion chamber, a burner adjacent the up 
per end of the combustion chamber, a coil 
encircling the combustion chamber and 
Spaced therefroin, Said coil containing the 
liquid for eyaporation, heat absorbing vanes 
cal'ried by the combustion chamber walls and 
projecting into the combustion chamber, 
Said Vanes adapted to absorb the heat from 
the hot gases and conduct it to the outer 
Wall of the combustion chamber, the heat be 
ing then radiated to the walls of the encir 
cling coil, and an impact surface at the lower 
end of the primary combustion chamber 
against, which the incoming gases impinge 
and rebound in moving contact with the 
Walls thereof. 

2. In a steam or vapor generator, a pri 
nary combustion chamber, a burner adjacent 
the upper end of the primary combustion 
chamber, a liquid containing element sur 
l'ounding the primary combustion chamber, 
a secondary combustion chamber, communi 
cating with the primary combustion cham 
ber and arranged to guide the combustion 
gases into contact with the liquid containing 
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element, and an impact surface at the lower 
end of the primary combustion chamber 
against which the incoming gases FE 
and rebound in moving contact with the 
walls thereof. 

3. In a steam or vapor generator, a pri 
mary combustion chamber open at the top 
thereof, a burner adjacent the upper end of 
the primary combustion chamber, a series of 
liquid containing coils surrounding the com 
bustion chamber and a secondary combus 
tion chamber communicating with the pri 
mary combustion chamber, and with the 
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spaces between the series of coils, and an 
impact surface at the lower end of the pri 
mary combustion chamber against which the 
incoming gases impinge and rebound in mov 
ing contact with the walls thereof. 

4. In a steam or vapor generator, a pri 
mary combustion NEF, a liquid contain 
ing coil encircling the primary combustion 
chamber and spaced therefrom, a second coil 
encircling the first coil and spaced there 
from, a secondary combustion chamber com 
municating with the primary combustion 
chamber and the space between the two 
coils, and means for preventing the entrance 
of combustion gases from the secondary com 
bustion chamber into the space between the 
primary combustion chamber and the first 
mentioned coil. 

5. In a steam or vapor generator, a com 
bustion chamber, a coil surrounding the com 
bustion chamber, a liquid header communi 
cating with the coil, and a feed-water heater 
associated with the header and comprising a 
tube mounted in the header and spaced 

, thereform, the incoming liquid adapted to 

.5 

flow through the space between the header 
and the tube, inwardly projecting vanes car 
lied by the tube and adapted to absorb heat 
from the heating medium, such as exhaust 
steam, and transmit it to the incoming 
liquid. 

6. In a steam or vapor generator, a pri 
mary combustion chamber, a plurality of 
spaced coiled tubes arranged concentrically 
around the combustion chamber, a liquid 
header communicating with the lower ends 

of the tubes and forming a support for the 5 
tubes, a radial header communicating with 
the upper ends of the tubes and function 
ing as a receiving chamber for the steam 
generated, a fuel nozzle located centrally 
above the primary combustion chamber, a 
Secondary combustion chamber located over 
the coiled tubes and communicating directly 
with the primary combustion chamber, and 
an impact surface at the lower end of the 
primary combustion chamber, the construc 
tion and arrangement being such that the in 
coming gases for combustion strike the bot 
tom of the primary combustion chamber 
and are thoroughly mixed by the eddying 
motion imparted to the gases, thence pass 
ing in a state of combustion to the secondary 
combustion chamber and thence down the 
passages between the coils in a direction op 
posite to the flow of the liquid in the coils. 

7. In a steam vapor generator, a liquid 
container element surrounding a combustion 
chamber adapted to prevent the gases in 
process of combustion coming into contact 
with the liquid containing element, said com 
bustion chamber being a heat absorbing and 
heat radiating element in the form of a re 
ceptacle, open at one end, a burner adjacent 
the open end of the combustion chamber, 
Said combustion chamber having an impact 
surface at the other end against which the 
incoming gases impinge and rebound in 
moving contact with the walls thereof, said 
walls being adapted to radiate the heat ab 
sorbed from the gases of combustion to the 
liquid containing element. 

8. In an apparatus for generating vapor, 
the combination of a combustion chamber, a 
cylinder of coils associated with the com 
bustion chamber, said combustion chamber 
extending downwardly into the central space 
inclosed by the said cylinder of coils, said 
combustion chamber having a closed end act 
ing as an impact surface against which the 
incoming combustible mixture impinges, and 
a burner adjacent the opposite end of the 
combustion chamber. 
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