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tion engines; especially to multiple expan 

..sion oil engines. . . . . . . , 
One of the principal objects of the inven 
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To all whom it ?ay concern; Beit known that I, HERMAN J. SoHAR 
NAGEL, a citizen of the United States of Amer 
ica, residing at 85 Hannah street, Tompkins 
ville, in the county of Richmond and State 
of New York, have invented certain new 
and useful Improvements in Multiple-Ex 
pansion Internal-Combustion Engines, of 
which the following is a specification. 
This invention relates to internal combus 

tion is to improve upon the valves used in 
such engines for the admission of air to the 
high pressure cylinder and for the trans 
fer of the gases from the high to the low 
pressure cylinder after the completion of 
the working stroke of the piston in the high 
pressure cylinder. ". . . 

Another object of the invention is to pro 
vide means for the effectual cooling of the 
transfer valve; and to accomplish this with 
the use of the intake 
sure cylinder. A further object is to provide means for 
preventing the pressure of the gases enter 
ing the low pressure cylinder from one high 

30 valve between the low pressure cylinder and 
the second high pressure cylinder, if em 
ployed. A further specific object is to de 
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filed July 18th, 1917. . 
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vise a transfer valve especially adapted for 
the type of engine shown in the copending 
application of Elmer A. Sperry for multi 
ple expansion gas engines Serial No. 181204, 

Referring to the drawings wherein I have 
shown what I now.consider to be the pre 
ferred form of my invention: 

Figure 1 is a sectional side elevation of 
the upper part of an engine embodying my 

45 

invention. . . . . . . . . 
- Fig. 2 is a sectional elevation of the com 
bined inlet and transfer valve. . 

Fig. 3 is a section taken on-line 3-3 of 
Fig. 4 is a side elevation of levers for 

operating the valves. . . 
50 Fig. 5 is a detail showing the cams for ac 

tuating the said levers. . - 

air for the high pres 

pressure cylinder, from forcing open the 

Fig. 6 is a modification showing means . 

Specification ?? Letters Patent. Patented Sept. 21, 1920. 
Application filed November 28, 1917. Serial No. 204,349. 

for keeping the air intake valve normally 
closed. . . . . . . . . . . 
In the drawings, 1 and 2 represent high 

pressure cylinders, while 3 represents'a low 

oR. To ELMER. A. 

55. 

pressure cylinder; the low pressure piston 
being shown at 4. Passages 5 leading from 
the high pressure cylinders' are provided to 
afford conqi...unication through ports 6 from said high pressure cylinders to the low pres 
sure cylinder. The said passage preferably 
forms a continuation of the clearance space. 5'in the high pressure cylinder by extend 
ing the clearance space laterally to overlie 
the low pressure cylinder a? shown. Two yalve casings 8 are shown secured by 

60 

bolts-9 in the top or cylinder head 10 of the T. 
- engine. The said valve casings are prefer 
ably immediately above the low pressure 70 
cylinder and adjacent the inner end of the 
aforesaid passages 5. The parts within each. 
of these casings are the same, so that a de-" " 
scription of one will suffice for "both. The 
preferred details are shown in Fig. 2. The 
structure comprises a common transfer and 
intake valve mechanism or two part, valve, 

75 

which for convenience will be treated as two separate valves, the transfer valve 7 and 
the intake. valve 19. . . . . 

Valve 7 is shown below the valve casing 8, 
With a stem portion or shank 11 reaching 
into said casing. A stem 11 fastened to said 

80 

shank continues up through the top of the . . . 
casing. Walve 19 is shown as a sleeve -85 
mounted over the shank 11 and seating at 
25 on the flaring or flanged portion 26 of 
valve 7. Grooves or passages 24 are shown 
in the shank 11 adjacent the sleeve or valve 

90 19: The upper part 62 of sleeve 19 is pref 
erably larger than the lower part and has 
..shank 11 of valve 7... . . . . . . . . 

The function of valve 19 is to admit air to the high pressure cylinder, while valve 

therein a balancing piston 61 fixed on the 

95 
7 is to permit the gases in the high pressure 
cylinder after the completion of the working 

... stroke of the piston. (not shown) therein, 
to enter the low, pressure cylinder. Walve 
7 closes port 6, and is normally held in such 
position by a spring 16 engaging member 

100 
17 fixed to the top 18 of casing 8 and a collar . 
15 locked on the stem 11 of valve 7. 
A top portion 12 is shown fixed to stem 
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of Elmer A. Sperry, the intake air is pre 

ing said lever to bear down on stem 11 of 
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11 and having flanges 3 and 14 thereon. 
A lei crank ever 35 pivoted at 36 to a 
franae or bracket 3 secured to the valve 
casing may be bifurcated at one end 38 to 
engage stem 11 between fianges 13 and 14 
and is shown as having a roller 32 to en 
gage a cam 33 on the cit in shaft. 34 of the 
engine. The cam shaft is designed to be 
rotated by the engine crank shaft through 
any suitable gearing (hot showi)). 
33 is designed to rock lever 35 to effect the 
opening of valve 7. 

Waive 19 is held normally closed by 
springs 27 j}ressing at one end against the 
top 18 of the vai ve casiung, and at the othei: 
against a shoulder or collar 28 on said alve. 
A lever 29 pivoted at 30 (See also Fig. 4) 
is bifurcated at one end 31. This end may 
reach into the valve casing airl engage 
shoulder 28 as shown in Figs. 2 and 4. The 
other end of the lever is shown as having a 
roller 32 engaging a can 33 on can shaft 
34. The rocking of lever 29 effects the 
opening of valve 19. 
According to the aforesaid application 

compressed. Said compressed air, or other 
intake air, may be admitted through a 
channel 20 into a chain ber 21 in the valve 
casing. It then passes through openings 
22 in valve 19, then down through passages 
or grooves 23 therein, and also down 
through passages or grooves 24 in valve 7 
(see Fig. 3). Upon the opening of valve 
19 at 25 the air is forced through passage 
5 into the high pressure cylinder. 
The channels 23 and grooves 24 are so ar'- 

ranged as to expose a sufficient Strface of 
valves 7 and 19 to the incoming air to effect 
the proper cooling of these valves; the ob 
ject being to cool the valves sufficiently to 
insure the proper working and preservation 
of these parts, and yet not enough to ma 
terially reduce the temperature of the gases 
cylinder. passing from the high to the low pressure 

The valves in addition are of 
course made preferably of heat resisting 
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material. 

but that the heat which is abstracted there 
from is not wasted but taken up by the in 
take air and hence wholly conserved. The 
particular construction of the valves adopt 
ed lends itself well to the rapid trans 
fer of heat from the exposed surface of the 
transfer valve 7 to more shielded parts of 
the valve where the heat is rapidly and ef 
fectively, dissipated. A valve stem 11 of 
substantial cross section is employed which 
serves to rapidly conduct the heat away 
from the exposed surface of the valve. 
Moreover, the valve stem is channeled or 
fluted by grooves 24 thereby not only in 
creasing its radiating surface but also fur 
nishing channels for the passage of the com 

Cam 

It should also be noted that not 
only is the transfer valve effectively cooled 

??? ? 

pressed intake air. This air flows down the 
channels, which are preferably spiraled 
around the stem as indicated in Fig. 3, over 
the top of the valve 7 proper and into the 
combustion cylinder. 70 

It will be noted that the lifting of valve 
7 will also effect the lifting of the air in 
take valve 19, without, however, opening 
the latter. 

it will also be seen that while spring 16 
is designed to hold valve 7 normally closed, 
springs 27 pressing down on valve 19 which 
in turn rests on valve 7 at 25, will also bear 
down on said valve 7 holding it more firmly 
in its seat. When valve 19 is open, how 
ever, it will, as has been seen, be raised off 
valve 7. desire therefore to provide 
19 for applying the downward pressure of 
springs 27 to said valve 7 in another manner. 
For this purpose I have shown the fulcrum 
30 of lever 29 as being pinned to a link 59 
suspended at (30 from bell crank lever 35. 
When cam 33 rocks lever 29 on floating full 
crum 30 to open valve 19, a force will be 
applied to lever 35 through link 59 caus 
valve 7. Another link 61 pivoted to link 
59 at 62 and frn bracket 37 at 63 may serve 
to hold lever 29 against longitudinal move 
ment. The system, furthermore, is so de 
signed that when one of valves 7 is open, 
and during the entire period in which the 
products of combustion entering there 
through are at work in the low pressure cyl 
inder, the valve 7 of the opposite cylinder 
is subject to a maximum pressure from 
springs 27, since valve 19 is also closed dur ing this period?. 

In the drawings I have shown a four cycle 
engine. Taking high pressure cylinder 1 
for instance; presuming the cylinder to be 
in the exhausted state and the piston therein 
(not shown) nearing the limit of its down 
stroke. Cam 33 is designed at this moment 
to tilt lever 29 and open valve 19, permitting 
the air which is under initial compression in 
chamber 21 to fill the said cylinder. The 
'valve then closes as the piston starts on its 
up stroke, and the air in the cylinder be 
comes further compressed to a very high 
degree. At the end of the up stroke, the 
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means, responsive to the opening of valve 
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fuel is admitted through valve 39 and be 
comes ignited whereupon the piston is then 
forced down. At the end of this down stroke. 
cam 33' is designed to rock lever 35, open 
ing valve 7, ahd permitting the gases in cyl 
inder 1 to pass into the low pressure cylinder 
3 to force piston 4 down. The same process 
takes place in cylinder 2 as in cylinder 1; 
the two acting alternately. 

In order to prevent the pressure of the 
gases passing from one of the high pres 
sure cylinders from forcing open the valve 
7 between the low pressure cylinder and the 180 
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2. ???8,848 . 

other high pressure cylinder, I have shown 
a passage 40 through valve 7 to chamber 41 
The gas entering at the opposite valve will 
thus pass into chamber 41 and produce a 
downward pressure on the balancing piston 
61 of the valve, substantially equal to the up 
ward pressure. Thus, beside subjecting the 
valve 7, which is closed to the maximum 
spring pressure during the working stroke of 
the low pressure cylinder, means are pro 
vided for equalizing the gas pressure on both 
sides of the valve. 
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In Fig. 6 I have shown a slight modifica 
, -tion in the air inlet valve. In this figure the 

air valve is shown at 19' and is provided. 
with a balancing piston in the form of a 
flange 42 extending to the walls 43 of the 
valve casing 8. The purpose of this piston 

present to the compressed air circu is to 
lated through the valve, a greater surface 
exposure for downward than for upward 
pressure. Thus, instead of the air under 
high pressure tending to force its way 
through the valve when closed into the high 
pressure cylinder, it will hold the valve more. 
tightly closed. A small air channel 44 may. . 
be provided to allow any air which may 
force its way under piston 42 to escape. 

30 
Suchsa-piston may be used to supplement or 
replace entirely springs 27 for holding the 
valves closed. - 
The lubrication of the various parts of 

the valve may be effected by forcing oil 
35 

40 
cate bearing 49 and also the rubbin 
faces 59 between valves 7 and 19: Holes 50. 

into the valve casing at 45. Passing through 
channel 46, it will run down the inside of . 
the valve casing into a groove 47 to lubri 
cate the bearing surfaces 48. The oil seep 
ing through bearing 48 will süffice to lubri 

??? 

through the upper portion of valve 19 per 
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mit oit to runout fröm. 
through holes 51 in collar 28, to bearing 52 
and down to bearing 53. . . . 
An oil cup 54, shown in Fig. 4, may be 

provided to supply oil through recess 55 in the top of the valve casing to bearings 
56 and 57 for valve stem 11. . . . . 
As shown at 58 in Fig. 3, grooves 24 ex 

tending down the side of valve 7 may be 
slightly spiral, so that the rib or fins 60 
will engage a greater surface on valve 19 
when the latter is opened and closed, and 

of furrows in said valve 19. in 
While my invention is illustrated in con 

nection with a compound engine, it may be 

60 

used also in simple engines, in which case 
valve. 7 would serve as the exhaust valve. 
When so used, the means provided for bal 
ancing the valve by admitting the gases to 
the rear thereof may be dispensed with. 

65 

Fluid passages or ducts 63 may be pro 
vided in the valve casing, through which air 
or water or other cooling fluid may be 

iling the temperature of the valves. 

claim and 

groove 47, down 

its seat. . . . . . . . . . 
2. In an internal combustion engine, ther. 

combination with a cylinder, of a unitary 
thus reduce the tendency toward the wear- . . . therefor, a port normally closed by said 

caused to flow. Any suitable means (not - 
shown) may be provided for controlling 
the temperature of the said fluid for control 

ne, advantage of constructing the valves 
according to my invention is that 
surface of the transfer valv exposed to 

aminimum - • 

the hot gases, thereby rendering the tem 
perature of Said valve more easily controlled. 
The air inlet valve, on the other hand which 
covers a large part of the exhaust 

75 

valve, is thereby subject to much of 

through the valve into the cylinder, and the 
the heat to which the exhaust valve would 
otherwise be subject, but the air passing: 80 
cooling fluid in duct 63 serve to keep this . . . 
valve properly cooled. It should also be 
noted that the area of the surfaces exposed 
to the heated gases is much less than the 
area exposed to the cooling fluid, the interior 85 
surfaces being channeled and fluted while the exposed surfaces are smooth. . . . . . . . 

In accordance with the provisions of the 
patent statutes, I have herein described the 
principle of operation of my invention, to 90. 
gether with the apparatus, which I now con 
sider to represent the best embodimen?ithere 
of, but I desire to have it understood that 
the apparatus shown is only illustrative and 
that the invention can be carried out by 95 
other means. Also, while, it is designed to 
use the various features and elements in the 
of these may be altered and others omitted 
without interfering with the more general 
results outlined, and the invention extends 
to such 'üse. si ‘ . . . . . . . . . . . . . 

combination and relations described, some 
00 

Having described my invention, what I 
entºis : . . . . "' ", " . . . . . . . . . . . . . 
1.In an internal combustion engine, the 

combination with a cylinder, of a unitary 
intake and exhaust valve mechanism there for comprising an outwardly opening ex 
haust, valve, a stem therefor, a port nor 
mally closed by said valve, a sleeve sur 

desire to secure by Letters Pat 
05. 

110 

rounding said stem and normally seated 
upon said other valve forming an intake 
valve and means for raising each valve from 

115 

intake and exhaust valve mechanism there. for comprising. an exhaust valve, a stem. 
valve, a sleeve surrounding said stem and 

ing an intake valve, a passage, along said 
stem for guiding the intake air into contact 
therewith, and means for raising each valve 
from its seat. 

3. in an internal combustion engine, a 

120 
normally seated upon said other valve forms 

25 

cylinder, a unitary two part, valve for said 
cylinder for admitting air thereto and for 
permitting the exhaust of the products of 130 

  



combustion, a casing for said waive, a chani 
ber in said casing adapted to contain air in 
der pressure, a piston in said chainber on 
one of said parts for holding the same O'- 
mally closed, means for holding the other 

I of said parts join: y closed, and meals 

O 

for opening the said parts. 
4. In a compound internal combustion en 

gine, in which the intake air, is precom 
pressed, a high and a low pressure cylinder, 
a port, between said cylinders, and a unitary 
two part valve comprising a central part 
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having a stem for closing said port and a . 
sleeve part surrounding said stem and 
seated on said central part for guiding air 
in contact with said stem and for admitting 
it to said high pressure cylinder. 

5. In a compound internal combustion en 
gine, a high and a low pressure Cylinder, a 
port between said cylinders, a unitary two 
part valve comprising a central part for 
closing said port and a sleeve. part mounted 
over and seated on said central palt for ad 
mitting air to said high pressure cylinder 
and passages in said parts for a cooling fluid 
to pass through. 

6. In a compound internal combustion en 
gine, a high and a loy pressure Cylinder, a 
port between said cylinders, a unitary two 
part valve comprising a central part for 
closing said port and a sleeve part mounted 
over and seated on said central part for ad 

35 

40 

mitting air to said high pressure cylinder, a 
piston on said central part, a chamber ad 
jacent said piston anda i passage through 
said central part of said chamber. 

7. In a compound internal combustion en 
gine in which the intake air is precom 
pressed, a high and a low pressure cylinder, 
a port between said cylinders, a unitary two 
part valve comprising a central part for 
closing said port and a sleeve art mounted 

- over and seated on said central part for ad 
45 
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mitting air to said high pressure cylinder, 
and a piston on said sleeve part, having its 
working face exposed to the compressed in 
take air and operating to hold both valves 
closed. . . . 

8. In an internal combustion engine, a 
cylinder, a unitary two part valve associated 
therewith comprising a central part, a sleeve 
part mounted over and seated on said cen 
tral part, a chamber in said casing, an air 

· passage leading into said chamber. means 
55 

60 

for opening said sleeve part to permit air 
from said chamber to enter said cylinder, 
means for directing said air into contact 
with said parts for cooling the same, means 
for opening said central part and a common 
means for holding either or both of said 
parts normally closed irrespective of the po 
sition of the other valve. 

9. In an internal combustion engine, a 
high pressure cylinder, a low pressure cyl 

inder, a passage between said cylinders, & 
connon waive itecha) is in attapted to admit, 
air to saici high firessure cylinder and io ad 
mit gases from said higi pressi'e cylinder 
to said low pressure cylinder' and in eans for 
causing said air to circulate through said 
mechanism to cool the same. 

10. In a multi-stage expansion combus 
tion engine, a high and a low pressure cyl 
inder, means for pre-compressing the air 
prior to compression in the high pressure 
cylinder, a passage between said cylinders, 
a two part valve adjacent said cylinders, 
One part thereof adapted to open and close 
said passage and the other part thereof 
adapted to admit the compressed air to said 
high pressure cylinder, means for opening 
said first part between two expansion stages, 
and means for opening, the other part be 
tween two compression stages. 

11. In an internal combustion engine, a 
high and a low pressure cylinder, a passage 
between said cylinders, a two part valve as 
sociated with said cylinders, comprising a 
central part having a stem adapted to seat 
in said passage for opening and closing the 
same and an outer part Surrounding Said 
stem and seated on said central part and 
adapted to open and close by moving re 
ciprocally on and relative to said central 
part for admitting air to said high pressure 
cylinder and air passages along said stem to 
cool the same. 

12. In an internal combustion engine, a high pressure. cylinder, a low pressure cyl 
inder, a passage between said cylinders, a 
Talve adapted to open and close said pas 
sage, and a second valve adapted to admit 
air to said high pressure cylinder, said 
valves being coaxial and having passages 
through which the intake air passes to cool 
the same. 

13. In a combustion engine having a 
multi-stage compression for the intake air 
and a multi-stage expansion for the working 
products, the combination with a combus 
tion cylinder and an expansion cylinder, of 
a common two piirt valve mechanism acting 
between the respective stages on both the 
compression and expansion operations of 
the cycles. 

14. In a unitary two part valve, a central 
valve, a sleeve valve mounted thereover and 
seated thereon, means for holding said sleeve 
valve normally closed, thereby also holding 
said central valve normally closed, means 
for opening each of said valves, and means 
connected with said opening means for hold 
ing said central valve closed when said 
sleeve valve is opened. 

15. In a unitary two part valve, a central 
valve, a sleeve valve mounted thereover and 
seated thereon, means for holding sail 
valves normally closed, levers for opening 
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said valves, and a link between said levers 
for holding said central valve closed when 
said sleeve valve is opened. 

16. In a unitary two part valve, a central 
valve, a sleeve valve mounted thereover and 
seated thereon, means for holding said in * - ? . * 

the one which is seated on the other is valves normally closed, a lever for opening 
said central valve and a lever for opening 

0. 

5 

... Said sleeve valve, the fulcrum.of said second . 
mentioned lever being supported from said 
first mentioned lever for holding said cen 
tral valve closed when said sleeve valve is 
opened. . . . . . . . . . . . 

: : : 17. In a two part valve, à central part, . 
an outer part adapted to seat on said central 
part, a spring for holding said outer part 

20 

normally closed and thereby also holding 
Said central part normally closed, means for. 
Opening each of said parts, and means for 
causing said spring to continue to hold said 
central part closed when said outer part is 
open. 

25 
normally closed and thereby also hold said 
central part normally closed, means for 
opening each of Said parts, means for caus 

...” , ing Said Spring to continue t? hold said cenº, 
30 

and additional means for assisting in hold 
ing said central part normally closed. . . . . 

... 19. In a multiple expansion engine, a 
transfer valve having, a stem, an intake 
valve seated thereon, and surrounding the 
stem of said transfer valve, said intake valve. having a passageway therethrough to guide. 

tral part closed when said outer part is open 

the incoming air over the transfer valve and stem. 
40 0?na multiple expansion engine in 

which the intake air is precompressed, a 

45 

transfer valve, a valve seat therefor, an in 
take valve seated thereon, and a piston, on 
said intake valve subject to the pressure of 
the intake air for holding both the valves 
on their seats. . . . . . . . . . . 21. In a multiple expansion engine, a 
transfer valve having a stem, an intake 
valve seated thereon, said valves having pas 

50 

said transfer valve stem in pressure cylinder. 

55 
ton on the valve which is seated on the other 

60 

Sages such that the intake air passes along 
n in entering the high 

22. In a multiple expansion engine in 
which the intake air is precompressed, a 
transfer valve, an intake valve, one of said. 
valves beifig seated on the other, and a pis 
valve for holding both valves on their seats. 

23. In an internal combustion engine, a 
double valve comprising a central valve and 

18. In a two part valve, a centra? part, 
an outer part, adapted to seation said central 
part, a spring for holding said outer part 

said hot gases. 

a sleeve valve, one of which is seated on the . 
other, a common yielding means for hold 
ing both valves closed, linkage for opening : - 
each valve, and linkage associated therewith . . . 
for transferring the pressure of said yield 65 
ing means to the other of said valves when 
raised. . . 

parts of the valve, and an intake valve ad jacent thereto having a passageway leading 
thereto adapted to cause the air to pass 
in contact with said stem, as it enters the engine. : 
... 25. In a multiple expansion internal com 

24. In än multiple expansion engine in s 
which the intake air is precompressed, a 
transfer valve, a stem, therefor adapted to 
conduct heat rapidly away from the exposed 

70. 
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bustion engine, the combination with high 
and low pressure cylinders, the former hav 
ing anelongated clearance space: overlying 
the end of the latter, a transfer passage 
leading from said space into the low pres 
sure cylinder, an outwardly opening trans 
fer valve having a stem normally closing 
Said passage, a sleeve surrounding said stem 

80 

85. 
and seated on said valve, and means for cir 
culating air through said sleeve to cool the . . 
valve. . . . . 26. In a multiple expansion internal com 
bustion, engine, the combination with high . . . 
and low pressure: cylinders, the former hav 

90 

ing a substantial clearance space, a transfer 

valve and stem. . . 
27. In a multiple expansion internal com 

valve having a stem passing through said 
space, and a protective sleeve shielding said 95 

bustion engine, a combined intake and trans- . 
º fer valve comprising a disk transfer valve 
having a stem, a seat therefor opening into 100 the low pressure cylinder, a sleeve seated on 
said valve forming the intake valve and sur 
rounding said stem, and means for increas 
ing the surfaces of said sleeve and stem 
washed by the intake air above: the area 
of the exterior surfaces exposed to 
products in the two cylinders. 

28. In an internal combustion engine, a 
cylinder receiving hot gases alternately from 
two other cylinders, a valve communicating 
with such cylinder having a plurality of Sur 
faces, means for supplying a cooling me 
dium one of said surfaces being exposed 
to the said hot gases, and another surface 

... for the valve of greater area being exposed 
to said cooling medium and shielded from 

In testimony whereof I have affixed my 
signature. . 

HERMAN J. SCHARNAGEL, 
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