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No. 779,778. 

UNITED STATES 
Patented January 10, 1905. 

PATENT OFFICE. 

FRANKLIN WOOD HAGAR, OF NASH VILLE, TENNESSEE. 

EXPLOSIVE ENGINE. 

SPECIFICATION forming part of Letters Patent No. 779,778, dated January 10, 1905. 
Application filed May 17, 1904, Serial No. 208,382, 

To ?t(/, 7 fu ()7, it inctly concern: 
Beit known that I, FRANKLIN WOODHAGAR, 

a citizen of the United States, and a resident 
of Nashville, in the county of Davidson and 
State of Tennessee, have invented certain new 
and useful Improvements in Explosive-En 
gines, of which the following is a specification. 
My invention relates to explosive-engines: 

and its object is to provide such an engine 
which is particularly simple in construction 
and highly efficient in operation. 
To this end the invention includes the com 

bination and arrangement of component parts 
and the details of construction to be hereinaf 
ter described, and particularly pointed out in 
the claims. 
Although the inventionis susceptible of wa 

rious embodiments it has been deemed neces 
sary for the purpose of fully disclosing the 
Same to illustrate and describe but one exem 
plification thereof. 
The selected exemplification is illustrated in 

the accompanying drawings, in which 
Figure 1 is a longitudinal sectional view. 

Fig. 2 is a detail view of one of the valves 
used on the engine; and Fig. 3 is a detail sec 
tional view on the line 11, Fig. 1. 

For the purpose of illustrating one exem 
plification of my invention I have shown the 
Same embodied in an engine of the double 
four-cycle type in which one impulse is pro 
duced upon each revolution of the shaft oc 
curring either alternately or simultaneously 
in each cylinder. In the particular descrip 
tion of the specific arrangement of the selected 
embodiment of my invention which is to fol 
low only one cylinder and associated parts 
will be described. 
The invention includes generally a cylinder, 

an unrestricted port leading thereto from a car 
bureter or a port having no throttling device as 
Sociated with the same, an air-chamber, an in 
let-opening therefor, a valve for controlling 
the same opening under the influence of the 
piston and held to its seat under variable ten 
sion, means for varying the action of the 
valve in reference to the force for opening 
the same created by a piston, an explosion 
chamber, and a novel relative arrangement of 

ports leading therefrom into the cylinder and 
Other ports leading from the air-chamber into 
the cylinder. 
The cylinder is designated in the accompa 

nying drawings by 1, is provided with a valve 
controlled exhaust-port 2 and with an inlet 
port 3, leading from a carbureter 4, which is 
Substantially unrestricted or without a throt 
tling device of any character, so that the 
amount of the explosive mixture which is 
drawn into the cylinder from the carbureter is 
dependent entirely upon the vacuum or suction 
created in the former. A check-valve 5 is lo 
cated at the discharge end of the port 3 for 
the purpose of preventing back pressure in 
the latter during the compression of the charge 
and during the high pressure created by the 
explosion; but the tension of this spring is so 
light that it does not materially affect the un 
seating of the valve under the influence of the 
Suction created in the cylinder. 
The air-chamber is designated by 6, and in 

the present exemplification of my invention 
is formed within a casing 7, which incloses 
the crank-shaft and the sides of which pro 
vide bearings for the latter. The chamber 6 
is in Open communication with the inner end 
of each of the cylinders, is in communication 
with the outside atmosphere through a port 
9, controlled by a valve 10, and is in commu 
nication with the interior of each cylinder 
above the piston when the latter is in its in 
nermost position through unobstructed ports 
11. The valve 10 is yieldingly held to its seat 
and suitable adjustable mechanism is provided 
for varying the tension of the yielding means. 
This mechanism and means in the illustrated 
embcdiment of my invention includes a boss 
12, having an axial opening providing a guide 
for the stem 13 of the valve 10, a sleeve 14 
mounted on the boss and adjustable length 
wise of the latter, and a helical spring 16 in 
terposed between the opposing surfaces 16 17 
On the stem 13 and the sleeve 14, respectively. 
The sleeve 14 is intended to be shifted either 
automatically or manually for varying the 
tension of Spring 15, and the illustrated con 
struction for obtaining this object includes 
cam-surfaces 18 on the inner end of the sleeve 
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coacting with fixed surfaces 19, and means, 
as a handle 20, for rotating the sleeve on the 
bOSS. 

In the illustrated exemplification of my in 
vention each cylinder 1 includes a base-flange 
21, bolted to one wall of the casing 7, and a 
cylindrical portion having an external annu 
lar recess formed therein, a plurality of ex 
ternal annular radiating surfaces 22 at its 
Outer end portion, and a shell or band 23 em 
bracing the external surfaces of the cylinder 
On Opposite sides of the recess, completely 
covering the same and forming there with an 
annular closed chamber 24. This chamber is 
in Open communication at its innermost end 
with the chamber 6, through a plurality of 
ports 25, leading through the lower portion of 
the walls of the cylinder and through the base 
21, and at its outermost end with the interior 
of the cylinder 1, through a plurality of ports 
26, leading through the wall of the cylinder. 
The ports 25 26, together with the chamber 
24, constitute the ports 11, hereinbefore re 
ferred to. The ports 26 preferably extend 
obliquely in a plane lengthwise of the cylin 
der in relation to the longitudinal axis of the 
same Or are inclined inwardly toward the axis 
of the cylinder and outwardly toward the head 
thereof and are disposed in a plane trans 
versely of the cylinder substantially tangen 
tially in relation to the inner periphery of 
the same or at angles to imaginary radial lines 
intersecting the ends thereof, so that the 
streams of air issuing from said ports are di 
rected toward the outer end of the cylinder, 
partake of a whirling movement, and hug the 
inner periphery of the wall of the cylinder. 
The discharge ends of these ports are prefer 
ably arranged in close juxtaposition, so that, 
in effect, the streams of air issuing therefrom 
intermingle and form a film having a whirl 
ing and a lengthwise movement in reference 
to the cylinder. 
The explosion-chamber 27 is located in the 

head of the cylinder 1, is preferably disposed 
axially thereof, and is provided with a por 
tion 28 extending a distance within the cyl 
inder and provided with a plurality of later 
ally-directed discharge-ports 29, which ex 
tend Substantially tangentially in reference to 
the axis of the cylinder and in opposite direc 
tions to the ports 26, so that the mixture issu 
ing from the ports 29 will partake of a whirl 
ing movement in an Opposite direction to the 
whirling movement of the air discharged 
through the ports 26. The port 3 communi 
cates directly with the outer end of chamber 
27, and between Said point and the ports 29 
Suitable sparking electrodes 30 are located, 
which are connected up in the usual manner 
with a suitable source of supply and with 
make and break mechanism. 
The operation of the herein-described en 

gine is substantially as follows: Assuming 
that a charge has been compressed in the up 
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per portion of the cylinder 1 and ignition has 
just taken place, the piston will be forced in 
Wardly or toward the crank-shaft, and will 
thereby act to compress the air in the cham 
ber 6, which was drawn into the same during 
the outstroke of the piston. Before the end 
of the instroke of the piston is reached the 
exhaust-valve opens, which permits of the es 
cape of the exploded charge or dead gases, a 
part of which immediately begins to pass out 
through the port 2. In the continued move 
ment of the piston and just before the limit of 
its stroke is reached the ends of the ports 26 
are uncovered, whereupon the air from the 
chamber 6 immediately rushes into the cyl 
inder 1 under the burned gases therein and ex 
pels the larger quantity of the same through 
the port 2. In the first part of the out 
stroke of the piston the residue of said gases 
will be forced out, and in the continued out 
ward movement only the fresh air will be pres 
ent in the cylinder, and this will serve to take 
off heat from both the cylinder and the pis 
ton. As will be appreciated, when the ports 
26 are uncovered by the piston the exploded 
charge in the upper portion of the cylinder is 
already under motion on its way out through 
the exhaust-port 2, and the incoming charge 
of fresh air only sets in motion that part of 
the exploded charge or dead gases in the lower 
part of the cylinder and immediately contigu 
Ous to the cylinder-head. The exhaust-valve 
is timed so that it will close at a point in the 
Outstroke of the piston which will insure a 
predetermined quantity of air remaining in 
the cylinder in relation to the amount which 
passes thereinto through port 26. Upon the 
Succeeding inward stroke of the piston a vacu 
um or suction is created in the cylinder, the 
strength of which varies in accordance with 
the quantity of fresh air remaining therein, 
and under the influence of this suction a quan 
tity of the explosive mixture is drawn into 
the cylinder from the carbureter through port 
3, chamber 27, and ports 29. At the same 
time the quantity of air which has been drawn 
into the chamber 6 in the preceding outward 
stroke of the piston is now compressed, and 
as soon as the outer edge of the piston passes 
the ends of ports 26 this air passes out into 
the cylinder and acts only to crowd the ad 
mitted charge toward the upper end of the 
cylinder and will be maintained itself in the 
lower part thereof and about the head of the 
piston, so that as the explosive charge is com 
pressed and fired Substantially at the comple 
tion of the outstroke the flame or highly 
heated residuum of dead gases does not come 
into contact with the piston-head or lower 
part of the cylinder-wall, as the same is thor 
oughly protected by the film of fresh air. 
Upon substantially the completion of the com 
pression-stroke of the piston the initial part 
of the explosion occurs in the chamber 27, 
and the positiveness and the completeness of 
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this explosion are assured by reason of the 
richness of the mixture in said chamber, and 
the flames escaping through the ports 29 in 
stantaneously ignite the major portion of the 
compressed charge in the cylinder. The tend 
ency of the flame issuing through the ports 
29 to contact with the cylinder-wall is ar 
rested in a large measure by the body of air 
traveling in a reverse direction to the medium 
issuing through ports 29, which air has been 
introduced through the ports 26, as hereinbe 
fore described. 
By reason of the fact that the tension of 

spring 13 can be regulated it is possible to reg 
ulate the amount of air which will be drawn 
into chamber 6 on the outward stroke of the 
piston and therethrough the amount of air 
which will be forced into cylinder 1, and as 
the suction or vacuum which is created in the 
latter by the inward stroke of the piston de 
pends on the quantity of said air and as the 
mixture drawn from the carbureter into the 
cylinder depends upon the strength of said 
vacuum or suction the speed of the engine can 
be regulated by varying said tension. 
By the described construction it will be ap 

preciated that the cylinder is not only thor 
oughly Scavengered and cooled, but the speed 
of the engine is controlled by varying the 
quantity of air utilized for performing the 
other functions. 
The construction and operation of my in 

vention will be readily understood upon ref 
erence to the foregoing description and the 
accompanying drawings, and it will be appre 
ciated that the parts and combinations recited 
may be varied within a wide range without 
departing from the spirit and scope thereof. 
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Having thus described my invention, what 
is claimed as new, and desired to be secured 
by Letters Patent, is 

1. In an explosive-engine, and in combina 
tion, a cylinder, a piston movable therein, 
means for feeding an explosive mixture to 
the cylinder controlled by the strength of the 
vacuum or suction in the latter, means for 
feeding a quantity of air to the cylinder for 
Scavenging and cooling the latter, and means 
for varying the quantity of said air and there 
through the strength of the vacuum or suc 
tion created in the cylinder, substantially as 
described. 

2. In an explosive-engine and in combina 
tion, a cylinder, a piston, an air-chamber hav 
ing an inlet-port, a valve controlling the same 
and movable under the influence of the piston, 
means for varying the action of said valve, 
ports leading from the air-chamber to the 
chamber in the cylinder, a carbureter, and a 
substantially unrestricted or unthrottled port 
leading therefrom to the cylinder. 

3. In an explosive-engine and in combina 
tion, a cylinder, a piston movable therein, 
means for feeding an explosive mixture to 
the cylinder controlled by the strength of the 
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vacuum or suction created in the latter by the 
movement of the piston, an air-chamber, un 
restricted ports leading therefrom to the cyl 
inder, an air-inlet port leading to the air 
chamber, a valve for controlling the same, 
yielding means for holding said valve upon 
its seat, and means for varying the tension of 
said yielding means, substantially as de 
scribed. 

4. In an explosive-engine and in combina 
tion, a cylinder, a piston movable therein, 
means for feeding an explosive mixture to 
the cylinder controlled by the strength of the 
vacuum or suction created in the latter by the 
movement of the piston, an air-chamber, un 
restricted ports leading therefrom to the cyl 
inder, an air-inlet port leading to the air 
chamber, a valve for controlling the same 
having a stem, a boss providing a guide for 
said stem, a sleeve mounted upon said boss, a 
spring for holding the valve to its seat inter 
posed between opposing surfaces of the valve 
stem and boss, respectively, and means for 
shifting the sleeve lengthwise of the boss, 
substantially as described. 

5. In an explosive-engine and in combina 
tion, a cylinder, a piston movable therein, 
means for feeding an explosive mixture to 
the cylinder controlled by the strength of the 
vacuum or suction created in the latter by the 
movement of the piston, an air-chamber, un 
restricted ports leading there from to the cyl 
inder, an air-inlet port leading to the air 
chamber, a valve for controlling the same 
having a stem, a boss providing a guide for 
Said stem, a sleeve mounted upon said boss, a 
spring for holding the valve to its seat inter 
posed between opposing surfaces of the valve 
stem and boss, respectively, and means for 
shifting the sleeve lengthwise of the boss, said 
means comprising cam-surfaces on the sleeve 
and fixed surfaces coacting there with, sub 
stantially as described. 

6. In an explosive-engine and in combina 
tion, a cylinder, a piston movable therein, 
means for feeding an explosive mixture to the 
cylinder controlled by the strength of the 
vacuum or suction created in the latter by the 
movement of the piston, an air-chamber, un 
restricted ports leading therefrom to the cyl 
inder, an air-inlet port leading to the air 
chamber, a valve for controlling the same 
having a stem, a boss providing a guide for 
said stem, a sleeve mounted upon said boss, a 
spring for holding the valve to its seat in 
terposed between opposing surfaces of the 
valve-stem and boss, respectively, and means 
for shifting the sleeve lengthwise of the boss, 
said means including cam-surfaces on the 
sleeve, fixed projections coacting therewith 
and means for rotating the sleeve on the boss, 
substantially as described. 

7. The combination with a cylinder, a pis 
ton, an explosion-chamber formed in the cyl 
inder-head and having a portion extending 
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within the cylinder, ports leading laterally 
through the projecting portion of the wall of 
said chamber and disposed substantially tan 
gentially of the axis of the cylinder, an inlet 
in the opposite end of the chamber, and spark 
ing mechanism located between said inlet and 
the discharge-ports, substantially as described. 

8. The combination with a cylinder, a pis 
ton, an explosion-chamber formed in the cyl 
inder-head and having a portion extending 
within the cylinder, ports leading laterally 
through the projecting portion of the wall of 
said chamber and disposed substantially tan 
gentially of the axis of the cylinder, air-ad 
mission ports leading through the wall of the 
cylinder having their end portions disposed 
obliquely in relation to the longitudinal axis 
of the cylinder and at angles to imaginary 
radial lines intersecting said ports and ar 
ranged to discharge the mixture issuing there 
from in an opposite direction to the medium 
issuing from the ports in the combustion 
chamber, an inlet-port in communication with 
the combustion-chamber, and sparking mech 
anism arranged in the latter, substantially as 
described. 

9. In an explosive-engine, the combination 
with a cylinder, a piston movable therein and 
an outlet-port, of ports leading to the cyl 
inder-chamber, for the admission of air under 
pressure, so disposed as to give said air a 
whirling motion and distribute the same in 
the cylinder-chamber in the form of a belt or 
film, and means for feeding the explosive mix 
ture toward said belt or film, substantially as 
described. 

10. In an explosive-engine, the combination 
with a cylinder, a piston movable therein and 
an outlet-port, of ports leading to the cylinder 
chamber, for the admission of air under pres 
sure, so disposed as to give said air a whirl 
ing motion and distribute the same in the cyl 
inder-chamber in the form of a belt or film, 
and means for feeding the explosive mixture 
toward said belt or film from substantially the 
axis of the same, substantially as described. 

11. In an explosive-engine, the combination 
with a cylinder, a piston movable therein and 
an outlet-port, of ports leading to the cylinder 
chamber, for the admission of air under pres 
sure, so disposed as to give said air a whirl 
ing motion and distribute the same in the cyl 
inder-chamber in the form of a belt or film, 
and means for feeding the explosive mixture 
into said belt or film, Substantially as described. 

12. In an explosive-engine, the combination 
with a cylinder, a piston movable therein and 
an outlet-port, of ports leading to the cylinder 
chamber, for the admission of air under pres 
sure, so disposed as to give said air a whirl 
ing motion and distribute the same in the cyl 
inder-chamber in the form of a beltor film, and means for feeding the explosive mixture 
into said belt or film from substantially the 
axis of the same, Substantially as described. 
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13. In an explosive-engine, the combination 
with a cylinder and a piston movable therein, 
of means at one end of the cylinder for sup 
plying a body of air under compression to the 
cylinder-chamber in the form of a whirling 
film or belt, an outlet-port and an inlet-port, 
One of the latter ports communicating with 
the Zone inclosed by said film or belt and the 
other of said ports communicating with the 
belt, substantially as described. 

14. In an explosive-engine, the combination 
with the cylinder and a piston movable there 
in, of a port in communication with the axis of 
the cylinder-chamber, a second port also in 
communication with the cylinder - chamber, 
and inlet-openings at the opposite end of the 
cylinder to said ports for supplying a body 
of air to the cylinder-chamber in the form of 
a whirling belt or film havilag a spiral and an 
advancing movement toward said ports, sub 
stantially as described. 

15. In an explosive-engine and in combina 
tion, a cylinder; an inlet for the explosive mix 
ture and a discharge-port located at one end of 
the cylinder, and means for discharging a body 
of air into the cylinder adjacent to the oppo 
site end of the same in the form of a whirling 
film contiguous to the inner wall of said cyl 
inder, substantially as described. 

16. In an explosive-engine and in combina 
tion, a cylinder; an inlet for the explosive mix 
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ture and an exhaust-port located at the rear end 
of the cylinder, an air-compression chamber, 
and means for conducting air from the latter 
and discharging the same into the forward end 
of the cylinder tangentially of the inner wall 
of the latter, substantially as described. 

17. In an explosive-engine and in combina 
tion, a cylinder; an inlet for the explosive mix 
ture and an exhaust-port located at the rear end 
of the cylinder, an air-compression chamber, 
and means for conducting air from the latter 
and discharging the same into the forward end 
of the cylinder tangentially in relation to the 
inner wall of the same and toward the rear end 
of the latter, substantially as described. 

18. In an explosive-engine and in combina 
tion, a cylinder having an inlet-port for the 
explosive mixture and an exhaust-port at one 
end of the same, an air-compression chamber 
and ports leading from the latter to the cylin 
der, the discharge ends of said ports being 
disposed substantially tangentially in relation 
to the inner wall of the cylinder and arranged 
obliquely in relation to the longitudinal axis 
of the latter, substantially as described. 

19. In an explosive-engine and in combina 
tion, a cylinder having an inlet-port for the 
explosive mixture and an exhaust-port at one 
end of the same, an air-compression chamber 
and ports leading from the latter and discharg 
ing into the cylinder tangentially of the same 
in a plane adjacent to the head of the piston 
when the latter is at the limit of its outstroke. 
substantially as described. 
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20. In an explosive-engine and in combina 
tion, a cylinder, an air-compression chamber, 
a plurality of ports providing means of com 
munication between the cylinder and cham 
ber, said ports having their discharge end por 
tions disposed at an angle to an imaginary 
line radiating from the axis of the cylinder 
and intersecting the extreme ends of said 
ports, said ends forming substantially a con 
tinuous line around the inner wall of the cyl 
inder, Substantially as described. 

21. In an explosive-engine and in combina 
tion, a cylinder, an air-compression chamber 
and a plurality of ports equidistantly spaced 
around the cylinder, each having an end por 
tion arranged obliquely in relation to the lon 
gitudinal axis of the cylinder and disposed in 
a horizontal plane substantially tangentially 
of the inner wall thereof, substantially as de 
scribed. 

22. In combination with an explosive-en 
gine, an air-compression chamber, a cylinder 
opening into the upper end of the latter at its 
lower end, a piston working in said cylinder 

5 

constituting a diaphragm for separating the 
cylinder - space from the air - compression 
space, a valve-controlled inlet for said air 
compression chamber, and a plurality of ports 
vertically arranged in the wall of the engine 
cylinder opening at their lower ends into the 
air-compression chamber, and at their upper 
ends into the cylinder in a horizontal plane 
above that occupied by the head of the piston 
when at the extremity of its downstroke, the 
end portions of said ports being inclined in 
wardly and arranged substantially tangen 
tially of the inner wall of said cylinder, Sub 
stantially as described. 

In testimony whereof I have hereunto 
signed my name, in the presence of two attest 
ing witnesses, at Nashville, in the county of 
Davidson and State of Tennessee, this 7th day 
of May, 1904. 

FRANKLIN WOOD HAGAR. 
Witnesses: 

B. T. LANNOM, 
MARY C. McCARTHY. 
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