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UNITED STATES PATENT OFFICE.

CHARLES B. HODGES, OF PITTSBURG, PENNSYLVANIA, ASSIGNOR TO H. K. PORTER
COMPANY, OF PITTSBURG, PENNSYLVANIA, A CORPCRATION OF PENNSYLVANIA.

COMPRESSED-AIR ENGINE.

953,336.

Lo all whom 1t may concern:

Be it known that I, Cmarues B. Hobess,
a resident of Pittsburg, in the county of Al-
legheny and State of Pennsylvania, have in-
vented a new and useful Improvement in
Compressed-Air Engines; and T do hereby
declare the following to be a full, clear, and
exact description thereof.

My invention relates to compound com-
pressed air engines, its object being to pro-
vide an engine of this type constructed to
obtain the full and proper reheating of the
air expanded within the high pressure cyl-
inder and the proper operation of the en-

5 gine, especially when applied to use for loco-

motives.

The invention comprises, generally stated,
an engine having a main reservoir, an auxil-
lary reservoir, a long contracted air inter-
heater and means for inducing a scouring
draft through the inter-heater; as well as
other improvements hereinafter described.

The special points of the invention de-
sired to be covered will be set forth in the
claims.

In the accompanying drawing Figure 1 is
a side view of a locomotive engine embody-
ing the invention; Fig. 2 is a side view
partly broken away on the opposite side
thereof; Fig. 3 is a cross section on the line
3—3 Fig. 2; Fig. 4 is an enlarged longitu-
dinal section of the inter-heater; and Fig.
5 is a cross section thereof.

The apparatus best adapted for the prac-
tice of the invention as at present developed
is illustrated in said drawings in connection
with a locomotive engine, having the main
air reservoir 1 supported on a suitable loco-
motive truck or underframe 2 mounted on
the driving wheels 3 and 4 on two sides of
the locomotive. On the high pressure side
as illustrated in Fig. 1, the high pressure
engine is shown at 5 while on the other side
the low pressure engine is shown at 6, these
engines being connected up to the wheels 8
and 4, said wheels being secured to the driv-
ing shafts or axles 7. The auxiliary reser-
voir 8 is supported on the main reservoir 1
and air is fed thereto from the main reser-
voir through a suitable reducing valve 9,
bringing the air at proper pressure to the
valve chest 10 of the high pressure cylinder
11. The pipe 12 leads to the high pressure
cylinder and located therein is the control-
Jing or throttle valve 13 which is connected

Specification of Letters Patent.
Application filed June 11, 1908.

Patented Mar. 29, 1910.
Serial No. 501,643,

by the rod 14 to the throttle lever 15. The
pipe 16 leads from the exhaust passage of
the high pressure cylinder 11 to the inter-
heater 17, and the pipe 18 leads from the
inter-heater to the valve chest 19 of the low
pressure cylinder 20 from which cylinder
the air is exhausted to the atmosphere. The
inter-heater as illustrated in Tigs. 2 to 5, is
supported in a horizontal position on the
side of the main reservoir and extends for
practically the full length theveof, being
made of small diameter and relatively greal
Iength, and is filled with a large number of
small tubes to provide for a relatively strong
or violent draft of air through the tubes
thereof for reheating the compressed air.
For example, in practical use I have found
that with the cylinders 5 and 10 inches di-
ameter by 10 inch stroke the best form of
inter-heater is made of a casing 23 about 7
feet long and about 8 inches in inside di-
ameter, this inter-heater being filled with a
large number of tubes 24 extending for the
full length of the inter-heater and seated in
the end walls 25 and 26 thereof, the tubes be-
ing of small diameter, for example, about 80
tubes 1 inch in diameter being employed. I
also prefer to employ within the inter-heater
a suitable series of baffles 27 between the tubes
24 so as to cause the compressed air to be
re-heated to travel in a circuitous course
around said reheating tubes, these baflles ex-
tending alternately from the opposite sides
of the inter - heater practically across the
same and forming passages 19" for the pas-
sage of the air within the heater in such cir-
cuitous course.

To induce a draft or current of atmos-
pheric air through the inter-heater I may
employ any suitable means, utilizing for ex-
ample either air under pressure, or exhaust
air from the low pressure cylinder, or both.
Where air under pressure 1s employed for
this purpose it may be drawn from any suit-
able part of the apparatus. I have illus-
trated it as drawn from the pipe 18 which
leads from the interheater to the low pres-
sure cylinder, and for that purpose I have
employed the pipe 30 extending therefrom
to the nozzle 28 at the exhaust end of the
inter-heater, the pipe 30 leading to the air
jet 29 entering said nozzle and thereby in-
ducing a violent current through the tubes
of the inter-heater. Where the supply of
air is drawn from said pipe 18 I prefer to
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connect it to said pipe between the stop
valve 21, and the valve chest of the low pres-
sure cylinder, this stop valve Dbeing de-
scribed in an application for patent filed
by me October 26, 1908, Serial No. 459,642,
and having a pipe 22 on the delivery
side of the stop wvalve which commuu-
cates with the pipe 12 leading from the
high pressure cylinder so that pressure
from said pipe 12 will raise the valve when
the main or throtﬂe valve 13 is opened, and
upon the closing of said main valve the pres-
sure within the inter-heater and a spring
will close the stop valve 21 and so hold the
aly within the inter-heater, cutting off the
supply of air to the air ]et 29, so that ar
under pressure is ouly supphul to said jet
when the engine is in operation. By locat-
ing the valve 31 in the pipe 30 leading to
the air jet the amonnt of air fed to the air jet
can be controlled. To generate a stronger
inducing current from the air under pres-
sure the air jet as illustrated at 382 1% of an-
nular form, being shown as formed of a Ting
pipe with a series of jet ovifices therein. To
aid in inducing the draft through the inter-
heater T may also employ the exhaust from
the low pressure cylinder, and to that end
the exhaust pipe 33 may connect with the
pipe 30, as lustrated in Fig. 2, so enabling
me to utilize both the exhaust air and air
under pressure for generating a strong
scouring current throagh the inter-heater.

Tn the uge of the invention the c ompressed
air is stored ot a relatively high pressire,
usually abont 800 pounds, ‘within the main
reservoir 1. and 1t is maintained \\'i(hin the
auxiliary reservoir 8 at the desived pressure
for the operation of the engine, say. at ab out
250 pounds.  Upon the operation of the
throttle valve 13 the air passes to the evl-
inder 11 nf the high pressure engine and
moves the piston therein. eseaping there-
from at a velatively low pressuve, for ex-
ample, in the best practice at about 50
pounds.  The sudden and rapid expansion
of the air while moving the piston within
the high pressure (‘\lllld(‘l causes a violent
drop in the temperature of the air. For ex-
ample, 1f it enters at an average atmospheric
temperature of 60° Fahvenheit, the air
passes therefrom at a temperature below
lowest atmospheric temperature, the reduie-
tion of temperature heing usnally about 140°
I, so that it is brought To a temperature of
about 80° . below zero. At such low tem-
perature the volume of air is nsufficient to
fill the low pressure cylinder at a pressure
of 50 ponnds where the cvhndels are made
of what T have found to be the most desir-
able relative sizes. for example, where the
cubical contents of the low pressure cyl-
inder is about four times that of the h]oh
pressure cylinder, and to obtain the best 1
sults and give a substantial balance of the

' power generated by the two engines the air

should be incrensed to about four times the
vohume at which it enters the high pressure
eylinder. The difference in temperature be-
tween the exhaust air when it enters the
inter-heater and atmospheric temperature is
so great that it quickly causes condensation
of molsture carrvied in the atmosphere which
forms a cmtmg of frost over the exposed
surfaces of the inter-heater such as within
the tubes 24 thereof. and this frost coating
serves as a non-conductor, and when a short
vertieal inter-heater of the construction illus-
trated in Letters Patent Mo, 868,500, granted
to me October 15, 1907, 18 emploved the frost
coating under certain conditions forns on
the exposed surfaces of sueh tubes and pre-
vents the full reheating action of the atmos-
pherie ir passing through the same and
umdnall\ aathers =o that unless removed 1t
will (log and partially close the tubes so re-
flucing the current of air carried there-
through and impair the operation of the in-
ter-henter. By the employment of the inter-
heater illustrated in this application.
however. where a long contracted horizontal
inter -heater of small diameter having a
large nmmber of small tubes 18 employed, |
am enablod to induce a very violent draft
through the tubes of the inter-heater by the
suction action obtained. such as by the dis-
charge of air under pressure or by exhaust
air from the low pressuve exlinder, or both,
and such violent draft of atmospherie ar
through the tubes acts to scour over the sor-
faces thercot. on account of the lavge anmount
of air earvied through the small tubes and
tlrereby prevents the formation of frost on
the exposed sorfaces of sueh tubes and
scours off any such frost in case it 18 formed
thercon, so keeping the tubes of the inter-
heater clear from frost and enabling the aiv
carried therethrough to mmpart its full re-
heating action to the compressed air con-
fined within the inter-heater. I have found
that by the emplovment of such construction
and the violent scouring draft throngh the
tubes resulting therefrom T am able to keep
%uoh tubes clear from frost even when op-
rating the engine at atmospheric tempera-
mle% consider f\blv below freezing point, and
thus to obtain tle efficient opemtlon of the
engine under such extreme conditions. The
amount of air under pressure used to obtain
such scouring action can be controlled by the
ralve 31 within the air jet pipe 30 accord-
ing to atmospheric conditions, while by tak-
ing the air under pressure for operating the
;et from the pipe 16 between the stop valve
21 and the low pressure cylinder, the dis-
charge of the air through the air jet i= con-
trolled by the opevation of the main throttle
valve and no air for such purpose is wasted
when the engine is not in operation, but is
automatically fed to the air jet as soon as the
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throttle valve is opened and the stop valve
is also opened to admit air from the inter-
heater to the low pressure engine.

In application of even date herewith, Se-
rial No. 501,641, L have described and claimed
the general method of operating a compound
compressed air engine consisting in carry-
ing the compressed air through and expand-
ing it in one cylinder and reheating the ex-
haust air by extended exposure thereof to
air heating at atmospheric temperature, car-
rying the reheated air through a low pres-
sure cylinder; and in application of even
date herewith, Serial No. 501,642, I have
described and claimed the special method
practiced by the apparatus here set forth in

which such a violent current of alr is car-

ried over the exposed surfaces of the inter-
heater as to scour from or prevent the for-
mation of frost on such surfaces.

Application filed by me of even date here-
with Serial No. 501,639, describes and claims
the employment of the same lever for op-
erating the main throttle valve and means
for inducing a current over the exposed sur-
faces of the inter-heater.

What I claim is:

1. In a compound compressed air engine,
the combination of a high pressure engine,
a low pressure engine, and an inter-heater
between them, said inter-heater having a
long contracted body of small diameter filled
with a large number of tubes of small diam-
eter, and means for inducing a current of
atmospheric air through said tubes sufficient
to cause a scouring draft through the said
tubes and prevent the formation of frost
thereon.

2. In a compound compressed alr engine,
the combination of a high pressure engine,
a low pressure engine, an inter-heater be-
tween them having large exposed surfaces
and having a nozzle on the discharge end
thereof, an air jet communicating with said

54

nozzle and a pipe carrying air under pres-
sure as high as that entering the low pres-
sure cylinder and communicating with said
air jet.

3. In a compound compressed air engine,
the combination of a high pressure cylinder,
a low pressure cylinder, an air inter-heater,
a pipe leading from the exhaust of the high
pressure engine to said inter-heater, and a
pipe leading from said inter-heater to the
low pressure cylinder, and a pipe leading
from said latter pipe to supply air under
pressure to produce the current of air over
the exposed surfaces of the inter-heater.

4. In a compound compressed alr engine,
the combination of a high pressure engine,
a low pressure engine, an inter-heater, a
pipe leading from the high pressure engine
to the inter-heater and a pipe leading from
the inter-heater to the low pressure engine,
said pipe having a stop valve located there-
in, and a pipe connected to said pipe between
the stop valve and the low pressure engine
for supplying air under pressure to produce
a draft over the exposed surfaces of the
inter-heater.

5. In a compound compressed air engine,
the combination of a high pressure engine,
a low pressure engine, an inter-heater be-
tween them having a discharge nozzle and
an air jet to induce a draft over the ex-
posed surfaces of the inter-heater, a pipe
carrying air under pressure as high as that
entering the low pressure cylinder and lead-
ing to said air jet and a pipe leading from
the exhaust of the low pressure engine to
said air jet.

In testimony whereof, I the said CmarLms
B. Hopges have hereunto set my hand.

CHARLES B. HODGES.

Witnesses:
Roeerr C. TorreN,

J. F. WiLL.
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