July 12, 1949. R. H. GODDARD | . 2,476,185
COMBUSTION CHAMBER WITH REFRACTORY LINING

Filed Aug. 23, 1947

4l n_50-/6NV/TER

INVENTOR.

_PRobe¥l_H. Coddard, Decd. .
ESTher G Godolaad Execiitay

3y .
~
é/aw r- ?j ATTORNEY




Patented July 12, 1949

2,476,185

UNITED STATES PATENT OFFICE

2,476,185

COMBUSTION CHAMBER WITH -
REFRACTORY LINING

Robert H. Goddard, deceased, late of Annapolis,

- Md., by Esther €. Goddard, executrix, Worces-
ter, Mass., assignor of one-half to The Daniel
and Florence Guggenheim Foundation, New
York, N. Y., a corporation of New York

Application August 23, 1947, Serial No. 770,311
7 Claims. (Cl 60—35.6)

1 .

This invention relates to a combustion cham-
ber adapted for use in propulsion apparatus and
comprising an elongated and generally cylindri-
cal body portion and an associated discharge noz-
zle portion. ' :

It is the general object of the present inven-
tion to provide a combustion chamber having a
refractory lining with helical corrugations in the
body portion and with longitudinally extending

.grooves arranged in a-circumferential series in

the nozzle portion.
In the preferred form, the helical corrugations

of the body portion increase in pitch and merge-

gradually into the longitudinal grooves of the
nozzle portion. .

A further object of the invention is to pro-
vide a combustion chamber having a metal wall
or casing with similar corrugations and grooves
in the body and nozzle portions. This metal cas-
ing supports and positions the refractory lining.
Provision is also made for cooling the outer sur-
face of said metal casing.
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lower end, so that the corrugations 23 merge
gradually into longitudinal grooves 24 in the
nozzle lining 22. 'The walls of the chamber and

- nozzle are of thin metal and are preferably simi-

[0

20

The invention further relates to arrangements

and combinations of parts which will be herein-
after described and more particularly pointed
out in the appended claims.

A preferred form of the invention is shown in
the drawing, in which

Fig. 1 is a transverse sectional elevation of a
combustion chamber embodying this invention;

Fig. 2 is an enlarged sectional elevation of a
portion of PFig. 1; :

Fig. 3 is a transverse sectional plan view of
the nozzle structure, taken along the line 3—3
in Fig. 1;- :

Pig. 4 is a fragmentary vertical section of a
portion of the nozzle structure, taken along the
line 4—4 in Fig. 1; and

Fig. 5 is a fragmentary view of a portion of a
supporting brace or partition.

Referring to the drawing, a combustion cham-
ber is shown having a relatively thin metal casing

providing a body portion {8 and a discharge nozzle -

portion 1{. The combustion chamber is mounted
within an outer jacket {5 and is firmly held in
spaced relation thereto by. perforated partitions
I7 (Pigs. 1 and 5). The nozzle portion If is
similarly supported by longitudinally extending
ribs or partitions 18 (Fig. 3). '

A refractory lining 20 is provided in the body
portion 10, and a similar refractory lining 22 is
provided in the nozzle portion If. The lining
portion 28 is provided with corrugations 23 (Fig.
2) which preferably form a continuous helix.
The helix preferably increases in pitch at its
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larly corrugated and grooved. )

The lining portions 20 and 22 may be formed
of any suitable refractory material, such as car-
bon, a carbide or a high refractory oxide.

A suitable cooling liquid is supplied to the
jacket space S through a pipe 30 and a volute
passage 31 (Fig. 3). Openings 34 (Fig. 4) con-
nect the volute 31 with the lower end of the
jacket space S. The cooling liquid then flows
upward through the perforated partitions 11 and
preferably enters the upper end of the combus-
tion chamber through tangentially disposed
nozzle elements 35 (Figs.1and 2).- )

Combustion liquids, such as gasoline and liquid
oxygen, may be fed to the upper end of the
combustion chamber through pipes 40 and 41
and spray openings 42 and 43. A suitable igni-
tion device is also provided, indicated generally
by the numeral 50. - ' .

The thickness of the refractory lining mate-
rial in the lining portions 20 and 22 is preferably
such that the material is slightly below its soften-
ing or melting point at its inner surface when the
chamber is in operation, while the outer surface
which is in contact with the metal walls of the
combustion chamber and nozzle, is at a lower
temperature at which injury to these walls will
be avoided.

The corrugated and lined construction above
described presents substantial advantages in
combustion chamber operation. The chamber
lining portion 20 serves to retain heat within the
chamber, and prevents direct contact of the hot
combustion gases with the metal wall {8, which
latter element is kept relatively cool by the cool-
ing liquid in the jacket space S.

The corrugations in  the refractory lining
present a relatively large area.on which surface
combustion may take place and furthermore,
the corrugations produce eddies and vortices and
thus facilitate mixing of the combustion ele-
ments. . :

The gradual increase in pitch of the corruga-
tions 23 assists the combustion gases to achieve
smooth flow into the axial grooves of the nozzle
portion if.

A combustion chamber constructed as above
described resists wear and oxidation and may be
maintained in operation .over relatively long
periods of time.

Having thus described the invention and the
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. advantages thereof, it will be understood that the
invention is not to be limited to the details here-
in disclosed, otherwise than as set forth in the
claims, but what is claimed is:

1. In a combustion chamber having an elon-
gated cylindrical body portion and having a noz-
zle portion, in combination, a refractory lining
for sald body portion which is provided on its
inner surface with a continuous helical groove
of relatively small pitch, and in its nozzle portion
with longitudinally extending grooves into which
said helical groove merges.

2. The combination in a combustion chamber
as set forth in claim 1, in which the helical groove
increases in pitch towards iis lower end and
merges gradually into the longitudinal grooves.

3. The combination in a combustion chamber
as set forth in claim 1, in which the combustion
chamber has an oufer metal wall having helical
and longitudinal grooves corresponding in section
to the grooves of the refractory lining.

4. A combustion chamber comprising an elon-
gated cylindrical metal body portion having a
helically grooved inner surface provided with a
similarly srooved refractory lining, and said
chamber having a longitudinally grooved metal
nozzle portion provided with a longitudinally
grooved refractory lining.

§. The combination in a combustion chamber
as seb forth in claim 4, in which the helical lining
groove increases gradually in pitch as it ap-
proaches the longitudinal grooves of the nozzle
lining. : .

6. In a combustion chamber having an elon-

gated cylindrical body portion and having a noz- 35 2,417,445

zle poriion, in combination, a refractory lining
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for said body portion which is provided on its
inner surface with a continuous helical groove
of relatively small pitch, and in its nozzle portion
with longitudinally extending grooves into which
sald helical groove merges, an ouler jacket casing
providing a jacket space surrounding said body
portion and nozzle, and means to supply a cooling
liquid to said jacket space.

7. In a combustion chamber having an elon-
gated cylindrical body portion and having & noz-
zle portion, in combination, a refractory lining
for said body portion which is provided on its
inner surface with a continuous helical groove
of relatively small pitch and in its nozzle portion
with longitudinally extending grooves into which
said helical groove merges, an outer jacket casing
providing a jacket space surrounding said body
portion and nozzle,. means to supply a cooling
liquid to said jacket space, and means to dis-
charge said liquid tangentially from said jacket
spece to said combustion chamber.

ESTHER C. GODDARD,
Ezxecutriz of the Last Wil and Testament of
Robert H. Goddard, Deceased.
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