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Reissued Feb. 19, 1924. 
UNITED STATES 

Re. 15,769 
PATENT OFFICE. 

wILLIAM w. McELRATH, J.R., of EAST RADFORD, v.RGINIA, AssIGNOR. To TURBO 
- MOTOR COMPANY, OF TRENTON, NEw JERSEY, A coRPORATION of NEWJERSEY. 

NTERNA-COMBUSTON ENGINE 

Original No. 1,319,100, dated October 21, 1919, Serial No. 190,224, filed september 7, 1917. Application for 
reissue fled December 14, 1920. Serial No. 430,752. 

To all whom it may concern: 
Be it known that WILLIAM W. McELRATI, 

Jr., of East Radford, county of Montgom 
ery, State of Virginia, has invented an Im 
provement in Internal-Combustion Engines, 
of which the following description, in con 
nection with the accompanying drawings, is 
a specification. 

- My invention relates to improvements in 
0 internal combustion engines, and has par 

ticular reference to such apparatus embody 
ing a reciprocatory engine and a rotary en 
gine or turbine, combined in a novel man 
ner, for the production of a prime mover 
having the maximum degree of efficiency. 
As is well known, the ordinary internal 

combustion engine of the reciprocatory type 
is not efficient in a big degree, as it only 
converts into useful energy about fifteen to 

0 twenty per cent of the total amount of en 
ergy supplied thereto, by the ignition of the 
fuel. About thirty to thirty-eight per cent 
of this energy remains in the heated exhaust 
gases, which are ordinarily exhausted to the 
atmosphere. 

It is thus apparent that the efficiency of 
such an engine could be greatly increased, 
if the energy present in the exhaust gases 
could be utilized. Attempts have hereto 
fore been made to utilize the energy con 
tained in the exhaust gases of internal com 
bustion engines, but such attempts have not 
proven satisfactory, owing to the fact that 
a certain degree of back pressure is developed 

* in the exhaust pipe of the engine, thus pre 
venting a proper scavenging of the products 
of combustion from the cylinders of the en gine, and to the fact that back pressure is 
developed in the cylinders, at or about the 
time that a fresh charge of fuel should be 
drawn therein, whereby a proper intake of 
the fuel is prevented. "... 
An important object of the invention is 

to provide a prime mover of the above men 
tioned character, which is adapted to employ 
a liquid or gaseous fuel, or a mixture 
thereof. . . . . . . . . 
A further object of the invention is to 

provide a prime mover of the above men 
tioned character, which will operate with 
the maximum degree of silence. , 
A further object of the invention is to provide a prime mover having means for 

introducing a suitable charge of fuel into 

each cylinder at various speeds and under all 55 
conditions of operation. 
A further object of the invention is, to 

provide a prime mover of the above men 
tioned character, which is adapted to de 
velop a maximum degree of horse power, is 60 
light, comparatively simple in construction, 
and has its parts arranged in a highly com 
pact and convenient manner. 
A further object of the invention is to 

provide a prime mover of the above men- 65 
tioned character, which is extremely high in 
flexibility and acceleration, for the weight 
per horse power. 
A further object of the invention is to pro 

vide a prime mover of the above mentioned 70 
character, which is particularly well adapt 
ed for use in connection with power units, 
which are operated under full load, such as in 
the aviation field, the sub-marine, motorboat, 
generator sets, hydro-aeroplane, and the like. 75 

Other objects and advantages of the in 
vention will be apparent during the course 
of the following description. 
In the accompanying drawings, formin 

a part of this specification, and in whic 
like numerals are employed to designate like 

80 

parts throughout the same, 
Fig. 1 is a side elevation of a prime mover 

embodying my invention, 
Fig.2 is an end elevation of the same, 
Fig. 3 is a side elevation of a prime mover 

embodying a slightly different form of the 
invention, Fig. 4 is a plan view of an inertia pipe or 
conduit, , -' . oo 

Fig. 5 is a side elevation of a rotary 
blower or fan, v , w 

Fig. 6 is an edge elevation of the same, 
Fig. 7 is a side elevation of the rotatable 

element of the fan or blower, 
Fig. 8 is a side elevation of parts of the 

turbine, as viewed from line 8-8 of Fig. 
10, and looking to the left, . . . 

Fig. 9 is a similar view of the other por 
tion or half of the turbine, viewed from 100 
line 8-8 of Fig. 10, and looking to the 
right, 

Fig. 10 is a transverse sectional view - 
through the turbine, . . . . . . . . 
Fig.11 is a side elevation of the wheel or ' 
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rotor of the turbine, Fig. 12 is a transverse sectional view of 
Fig.11, and ...' " - 
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Fig. 13 is an enlarged section, partly dia 
grammatic, showing the ports in the sta 
tionary blocks, and their relation to the 
vanes or blades of the wheel or rotor. 

In the drawings, wherein for the purpose 
of illustration is shown a preferred embodi 
ment of my invention, the numeral 15 desig 
nates, a cylinder casting or block, or an in 
ternal combustion engine having six cylin 
ders, while this number may be varied, if 
desired. In the forms of engines shown in 
Figs. 1, 2, 3 and 4, there are six exhaust 
pipes 16, which lead into the cylinders, and 
are connected with one. branch of an ap 
proximately U-shaped inertia pipe 17. At 
tention is called to the fact that the exhaust 
pipes 16 are angularly arranged and extend 
in the direction of travel of exhaust as in 
the inertia pipe. 
The engine is provided with a crank case 

18, within which is disposed the usual crank 
shaft 19, carrying a disk 20, for cooperation 
with clutch mechanism, (not shown) where 
by the rotation of the crank shaft may be 
impris to the apparatus to be driven. 

rranged at the rear end of the crank 
case 18 is a turbine 21, comprising casing 

30 

sections 22 and 23, which are rigidly secured 
together at 24. The casing section 23 may 
be rigidly secured to the crank case 18, by 
any suitable means. This turbine comprises 

40 

a rotatable wheel or rotor 25, shown more 
clearly in Figs. 10, 11, 12 and 13. The 
rotor 25 has a hub 26, arranged upon the 
crank shaft 19. This crankshaft has a 
flange 27 rigidly secured thereto, and at 
tached to the rotor 25 by bolts 28. The 
rotor 25 is provided at its periphery with 
a plurality of concavo-convex blades 29, in 
closed in a ring 30. The rotor is arranged 
within the turbine casing and is disposed to 
operate between a plurality of spaced block 
sections 31 and 32. The block sections 31 
are held stationary within the casing sec 
tion 22, at a point near its periphery, and 
the block-sections 32 are held stationary 
within the casing section 22, at a point near 
its periphery. The block-sections 31 and 32 are thus arranged in oppositely disposed 
airs, upon opposite sides of the rotor 25. 
ach block-section 31 is provided with an in 

let port 33, passing through the inner and 
outer faces thereof, and angularly arranged, 
to properly discharge the gas to or between 
the blades 29. Each block-section 32 is pro 
vided with an approximately U-shaped re 
verse port 34, passing through the inner face 
of the block-section alone, and adapted for 
the reception of the exhaust of gas from the 
blades 29, which gas has been supplied there 
to from the inlet port 33. The reverse port 
34 has its outlet end arranged to discharge 
gas to or between the blades 29, and this 
gas discharges from the blades into the in 
take end of a reverse port 35, formed in the 
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block-section 31. The outlet end of this re 
verse port discharges the gas to or between 
the blades 29, and this gas passes into the 
turbine casing, and through the exhaust 
thereof to be described. It is thus apparent 
that the exhaust gases, while passing 
through these ports, will be expanded to re 
duce their pressure. The velocity of the 
gases serves to drive the rotor. The turbine 
casing has an exhaust pipe 22, which leads 
into the same between the block-sections. 
As more clearly shown in Figs. 1, 3 and 

10, the casing section 22 is provided with an 
annular inlet conduit 36, which has com 
munication with the ports 33. One branch 
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of the inertia pipe 17 is connected with and 
leads into the annular inlet conduit 36, as 
shown at 37. It is thus apparent that the 
exhaust from the cylinders will be supplied 
to the conduit 36 and then to the interior of 
the turbine. .. 
The function of the inertia pipe 17 is to 

provide means whereby the exhaust gases 
will travel therein at a high velocity, and 
this travel of the exhaust through the same 
will create a high degree of suction within 
the exhaust pipes 16, whereby the cylinders 
of the engine will be completely scavenged 
prior to the inlet of the fresh charge of fuel 
thereto. It is thus apparent that the intro 
duction of the fuel into the cylinders will 
be materially aided. 
In the form of the engine shown in Fig. 

1, I provide a rotatable fan or blower 38. 
(See Figs. 5, 6 and 7). This blower com 
prises a casing 39, having an outlet 40, which 
in Fig. 1 is connected with the upper or 
short arm of the inertia pipe 17. Arranged 
within the casing 39 is a rotatable fan 41, 
carried by a shaft 42. This fan is adapted 
to draw in air through openings 43, and dis 
charge the same through the outlet 40. 
The shaft 42 is driven by a small gear 44, 

engaged and driven by a large gear 45, re 
ceiving its rotation from a small gear 46. 
This small gear is driven by a large gear 
47, carried by the cam shaft 48 of the en 
gine, to be driven thereby. It is thus ap 
parent that speed increasing gearing is em 
ployed to connect the shaft 42 with the cam 
shaft 48. Other suitable means may be em 
ployed to drive the blower. 

In Fig. 3, the blower 38 is omitted, and 
the end of the upper arm of the inertia pipe 
17 is closed, or the inertia pipe may be elimi 
nated and any suitable form of exhaust 
manifold used. In this form of engine I 
employ a blower 49, similar to the blower 
38. The outlet pipe 50 of this blower is 
connected with the intake manifold 51 of the 
engine between the carbureter and engine, 
and thus serves to accelerate the introduc 
tion of the fresh charge into the cylinders 
of the engine. The blower 49 has a rota 
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table fan which is driven by a shaft 52, in 
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turn driven by suitable gearing serving to 
connect the shaft with the cam shaft or 
other movable part of the engine. 
l The operation of the apparatus is as fol 
OWs. . . . . . . . . ; '' . 

The exhaust from the cylinders of the en 
gine passes into the long inertia pipe 17 
and travels therein at a high velocity, where 
by it creates a suction in the exhaust pipes 
16, at or after the intake stroke of the cyl 
inders has begun, thereby thoroughly scav 
enging the same. The fan or blower 38 dis 
charging into the intake end of the inertia 

55 

pipe increases the high velocity of the ex 
haust therein. . . . . , , , 
In Fig. 3, the fan or blower 49 is connected 

with the intake manifold of the engine, be 
tween it and the carbureter. As soon as the 
intake valves of the cylinders open, this 
blower will force the fresh charge into the 
Sae. . . . . . - 

The exhaust passes through the inertia 
pipe or exhaust manifold and enters the 
annular supply conduit 36 of the turbine. 
This exhaust then passes through the inlet 
ports 33, and between the blades 29 of the otor. The gas then passes through the 
ports 34, between the blades 29, the ports 35, 
between the blades 29, and into the turbine 
easing, for discharge through its exhaust. 
It is thus apparent that the exhaust will 
serve to drive the rotor. During this opera 
tion, the exhaust is SS whereby its pressure is reduced, and back pressure avoid 
ed. When the exhaust discharges to the at 
mosphere through the turbine exhaust it is 
found to be below or at atmospheric pres 
Se 

It is to be understood that the forms of 
my invention herewith shown and described 
are to be taken as preferred examples of the 
same, and that various changes in the shape, 
size, and arrangement of parts, may be re 
sorted to, without departing from the spirit 

i of my invention, or the scope of the sub 
joined claims. 

In the claims the word “blower' is used 
to designate any means for accelerating the 
flow of fluid as distinguished from com 
pressing the fluid passing through it; that is, 
for increasing the velocity of the fluid pass 
ing into the inlet manifold without much in 
crease in the pressure of the fluid at the out 
let of the blower over that at the inlet. 

I claim the following as my invention: 
1. A combined reciprocating rotary ex 

plosive engine comprising power cylinders 
having exhaust ports and pistons, a crank 
shaft operatively connected to said pistons, 
a turbine rotor mounted on said shaft, an 
inertia pipe for conveying exhaust gas to 
said rotor, exhaust pipes connecting the ex 
haust ports of said cylinders with said in ertia pipe, the exhaust pipes being angularly 
disposed with respect to the inertia pipe and 

extending in the direction of travel therein 
whereby apartial vacuum is produced with 
in said cylinders by the inertia of exhaust gases passing through said exhaust pipe, and 
means for injecting fluid under pressure into 
the entering end of said inertia pipe in the 
direction of the flow of the exhaust gases 
therethrough to facilitate the removal of 
spent gases from said exhaust pipes. 

2. A combined reciprocating rotary ex 
plosive SE comprising power cylinders 
having exhaust ports and pistons, a crank 
shaft operatively connected to said pistons, 
a sectional casing, a turbine rotor mounted 
on said shaft and arranged between the sec 
tions of said casing, an annular inlet conduit 
carried by said casing and having communi 
cation with the interior thereof, an inertia 
pipe for conveying exhaust gases to said con 
duit whereby said gases are directed upon 
said rotor, exhaust pipes connecting the ex 
haust ports, of said cylinders with said in 
ertia pipe, the exhaust pipes being angularly 
disposed with respect to the inertia pipe and 
extending in the direction of travel there 
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in whereby a partial vacuum is produced 
within said cylinders by the inertia of ex 
haust gases passing through said exhaust 
pipe, and means for injecting fluid under 
pressure into the entering end of said in 
ertia pipe in the direction of the flow of the 
exhaust gases therethrough to facilitate the 
removal of spent gases from said exhaust 
plpes. 

3. A combined reciprocating rotary explo 
sive engine comprising power cylinders hav 
ing exhaust ports and pistons, a crank shaft 
operatively connected to said pistons, a sec 
tional casing, a turbine rotor mounted on 
said shaft and arranged between the sections 
of said casing, an annular inlet conduit car 
ried by said casing and having communica 
tion with the interior thereof, an inertia 
pipe for conveying exhaust gases to said con 
duit whereby ES gases are directed upon 
said rotor, exhaust pipes connecting the ex-. 
haust ports of said cylinders with said in 
ertia pipe, the exhaust pipes being angularly 
disposed with respect to the inertia pipe and 
extending in the direction of travel therein 
whereby a partial vacuum is produced with 
in said cylinders by the inertia of exhaust 
gases passing through said exhaust pipe, and 
a blower connected to the entering end of 
said inertia pipe for injecting air currents 
into the inertia pipe in the direction of the 
flow of exhaust gases therethrough to facili 
tate the removal of spent gases from said ex 
shaust pipes, said blower being Ey. 
connected with the crank shaft of the engine. 

4. A combined reciprocating rotary explo 
sive engine comprising 
ing exhaust ports, a turbine, an inertia pipe 
adapted to convey the exhaust gas to said 
turbine, exhaust pipes connecting the ex 
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haust ports of said cylinders with said in 
ertia E. the exhaust pipes being angularly 
disposed with respect to the inertia pipe and 
extending in the direction of EP therein 
whereby apartial vacuum is produced with 
in said cylinders by the inertia of exhaust 
gases passing through said inertia pipe, and 
means for injecting fluid under pressure into 
the entering end of said inertia pipe in the 
direction of the flow of the exhaust gases 
therethrough to facilitate the removal of 
spent gases from said cylinders. 

5. A combined reciprocating rotary explo 
sive engine comprising power cylinders hav 
ing exhaust ports, a sectional casing, a rotor 
mounted within the said casing on a shaft, 
an annular inlet conduit integral with said 
casing and having communication with the 
interior thereof; an inertia pipe adapted to 
convey exhaust gases to said conduit where 
by said gases are directed upon said rotor, 
exhaust pipes connecting the exhaust ports 
of said cylinders with said inertia pipe, the 
exhaust pipes being angularly disposed with 
respect to the inertia pipe and extending in 
the direction of travel therein, whereby a 
partial vacuum is produced within said cyl 
inders by the inertia of exhaust gases pass 
ing through said inertia pipe, and means for 
injecting fluid under pressure into the enter ing end of said inertia pipe in the direction 
of flow of the exhaust gases therethrough to 
facilitate the removal of spent gases from 
said cylinders. 

6. A combined reciprocating rotary explo 
sive engine comprising power cylinders hav 
ing exhaust ports, a sectional casing, a rotor 
arranged between the sections of the casing, 
and mounted on a shaft therein, an annular 
inlet conduit carried by said casing and hav 
ing communication with the interior thereof, 
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an inertia pipe for conveying exhaust gases 
to said conduit whereby said gases are di 
rected upon said rotor, exhaust pipes con 
necting the exhaust ports of cylinders 
with said inertia pipe, the exhaust pipes be 
ing angularly disposed with respect to the in 
ertia pipe and extending in the direction of 
travel therein, whereby a partial vacuum is 
produced within said cylinders by the in 
ertia of exhaust gases passing through said 
inertia pipe, and a pressure blower connected 
to the entering end of said inertia pipe for 
injecting air into the inertia pipe in the di 
rection of flow of exhaust gases therethrough 
to facilitate the removal of spent gases from 
said cylinders, said blower being operatively 
driven for the purpose described. 

s 

7. An internal combustion engine of the 
character described having power cylinders, 
means for scavenging the exhaust gases from 
said power cylinders comprising a blower 
rotated at a speed proportional to the speed 
of the engine, and a fluid pressure turbine 
arranged to operate on said exhaust gases to 6. 
increase the efficiency and power output of 
said engine. 

8. An internal combustion engine of the 
character described having power cylinders, 
means for scavenging the exhaust gases from 
said power cylinders comprising a blower 
rotated at a speed proportional to the ise 
of the engine, and a fluid pressure turbine 
arranged to operate on said exhaust gases to 
increase the efficiency and power output of 
said engine, said power cylinders and tur 
bine, being so proportioned as to develop 
maximum power in the cylinders under 
varying operating conditions. 
Signed at East Radford, this 19th day of 

November, 1920. 
WILLIAM W. McELRATH, JR. 
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