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[57] - ‘ ABSTRACT 

An operative internal combustion engine is trans 
parent for demonstration of internal combustion en 
gine principles. A transparent cylinder houses a non 
contacting piston, the combustion chamber being 
sealed by means such as protruding annular teflon 
rings seated in an annular groove of the piston or a 
?exible flap formed integrally with the piston which is 
pressed firmly to the internal surface of the cylinder 
wall by pressure developed within the combustion 
chamber during operation of the engine. Other por 
tions of the engine are transparent to enable their con 
tained parts to be observed during operation. The en 
gine also has an enlarged ?ywheel to permit operation 
of the engine at low, observable speeds. The invention 

' burns low carbon fuels such as alcohol to keep the 
cylinder walls clean and operate without polluting the 
air. 

15 Claims, 5 Drawing; Figures 
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TRANSPARENT INTERNAL COMBUSTION 
ENGINE ' 

BACKGROUND OF THE INVENTION 

This invention relates in general to internal com 
bustion engines and, more particular concerns trans~ 

5 

parent engines for educational use exposing the inter- ‘ 
nal moving parts of the engine to view during opera 
tion. The invention is relatively easy and inexpensive to l 
fabricate, safe, illustrates what happens during each 
cycle of engine operation and negligibly pollutes the air 
so that inside operation is safe and practical. 
The wide use of internal combustion engines has 

resulted in extensive classroom study of their construc- - 
tion and operating principles. Internal combustion en 
gines, are employed frequently to demonstrate laws 
relating to the physical sciences and mechanics. Trans‘ 
parent models of such engines have been made to ena 
ble students to inspect visually the internal moving 
parts of the engine. In prior transparent engines, how 
ever, actual combustion does not take place because-of 
the structural limitations which are necessary in order 
toprovide the transparency characteristics. 

It is an important object of this invention to provide a 
demonstration transparent internal combustion engine 
which actually burns fuel yet enables all operative parts 
to be viewed and inspected during operation. 

It is another object of the invention to achieve the 
preceding object while ‘negligibly polluting the air so 
that the engine may be operated indoors. 

It is still a further object of the invention to achieve 
one or more of the preceding objects while maintaining 
the transparent walls clear‘ during operation. ’ i 

‘It is still another object of the invention to achieve 
one or more of the preceding objects while having the 
engine operate slow enough ‘so that its operation may 
be easily observed. ‘ ' ' i 

It is still another object of the invention to achieve 
one or more of the preceding objects with safety. 

It is still another object of the invention ‘to achieve 
one or more of the preceding objects with an engine 
capable of burning a variety of inexpensive fuels. 

It is still another object of the invention to ‘achieve 
one or more of the preceding objects with apparatus 
that is relatively easy and inexpensive to fabricate. 

.It is still a further object of the invention to achieve 
one or more of the preceding objects with apparatus 
capable of operating for relatively long periods of time. 

SUMMARY OF THE INVENTION 

According to the invention, an internal combustion ' 
engine includes piston means and means de?ning a 
cylinder wall surrounding the piston means made of 
transparent material so that operation of thepiston, 
valves and spark gap may be visually observed as the 
engine operates. Means are provided for coacting with 
the piston and the cylinder wall to seal the combustion 
chamber without oil. According to one aspect of the in 
vention this is accomplished with at least one ‘set of 
rings made of material having a low coef?cient of fric 
tion, such as Te?on attached‘ to the piston and'sealing 
the region between the piston and the cylinder wall, 
there being means for supporting the piston to permit 
relative axial displacement with the cylinder wall while 
being radially spaced from the cylinder wall in noncon 
tacting relationship. The preferred and'alternate piston 
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2 
seal comprises at least one split piston ring of high tem 
perature elastomeric seated in an annular groove in the 
piston to keep. friction low while the rings have enough 
resiliency to force them against the cylinder wall and 
keep the combustion chamber sealed. The piston may 
be metal. According to another aspect of the invention, 
the piston is fabricated from high temperature material, 
which may be plastic such as Te?on or 

0 tetra?uoroethylene and having an annular groove 
formed in its upper face near the periphery of the 
piston to de?ne a somewhat ?exible circumferentially 
continuous flap which bears against the inner surface of 
the cylinder wall to seal the region between the piston 
and the cylinder wall. The annular groove formed in 
the upper face near the periphery of the piston 
preferably accommodate a thin flexible leaf spring for 
augmenting the pressure force that helps the flap seal 
the combustion chamber on the suction stroke. In 
creasing pressure inside the combustion chamber urges 
the ?ap toward the cylinder wall. ' 7 

According to another feature of the invention, the 
flywheel is quite massive relative to‘the ‘cylinder and 
piston ‘to help establish continuous operation at low 
speeds, thereby allowing operation of the engine to be 
‘inspected visually. 

According tov still another feature of the invention, 
the engine may burn low carbon fuel, such as alcohol, 
so that the transparent portions remain clean to permit 
visual observation and the engine exhaust negligibly 
pollutes the air, thereby allowing operation of the in 
vention indoors. . _ 

Preferably the cylinder comprises a high temperature 
glass composition coated with a thin ?lm of high tem 
perature plastic, such as fluoroethylene polymer for ab 
sorbing energy and con?ning fragments should ac 
cidental damage occur to this cylinder. 
An important feature of the piston and cylinder seal 

combination according to the invention is that the 
piston does not contact the cylinder wall. The circum 
ferential means near the top of the‘ piston, such as the 
?ap or rings, functions both to. provide bearing surface 
between the piston and cylinder wall and effect a'seal in - 
contrast with customary engine construction where the 
piston and cylinder wall are essentially in contact over 
their common length, providing a larger area for wear 
and normally requiring a ?uid lubricating system. 
Numerous other features, objects and advantages of 

the invention will become apparent from‘ the following 
speci?cation when read in connection with the accom 
panying drawing in which: 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a sectional view along section 1-1 of FIG. 
2 illustrating an exemplary embodiment of the engine 
according to the invention; 

FIG. 2 is a plan view of this‘ embodiment of the en 
gine; - 

FIG. 3 is a perspective view of a preferred embodi 
ment of the invention having a metal piston; 

FIG. 4 is a rear view of this embodiment; and 
FIG. 5 is a view of the modi?cation of the embodi 

ment of FIGS. 1 and 2 illustrating the details of the 
piston rings that both effect the seal and provide the 
bearing surface. ‘ 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

with reference now to the drawing and more particu 
larly FIGS. 1 and 2 thereof, there is shown an embodi 
ment of a transparent internal combustion engine ac 
cording to the invention. FIG. 1 is a sectional view 
through section 1—1 of the engine shown in plan view in 
FIG. 2. This embodiment of the invention includes all 
the essential elements of a four-cycle internal com 
bustion engine. The internal moving parts of the engine 
‘comprise conventional materials ordinarily used in 
constructing engines. The various housings, such as the 
cylinder, the intake and exhaust manifolds, the dis 
tributor housing, the carburetor housing and certain 
areas of the crankcase comprise transparent materials, 
such as an appropriate plastic or glass, or combinations 
thereof, to expose the internal moving parts to view. 
Since internal combustion engines are well known in 
the art, the detailed description which follows will, to 
the extent practical, omit mention of details well 
known in the art so as to avoid obscuring principles of 
the invention. Throughout the drawing the same 
reference symbols designate corresponding elements. 
The engine includes an internal crankcase and en 

gine block 10 in which the crankshaft 12 is journaled. 
Metallic bearings 14 may be provided to support the 
crankshaft 12. An enlarged ?ywheel 16 is connected to 
the outwardly projecting end of the crankshaft 12, the 
?ywheel 16 being of a mass which is substantially 
greater than would normally be required in an opera 
tive one-cylinder engine so that the engine may be 
operated steadily at low speeds to permit visual obser 
vation of theinternal combustion process. 8 
A shoulder 18 is formed about an opening 20 in the 

crankcase 10 and receives the cylinder 22. The 
cylinder 22 is sealed resiliently to the crankcase 10 by 
resilient gasket 24 which permits limited expansion and 
contraction of the cylinder 22 with respect to the 
crankcase 10 to preclude undue stressing of these parts 
during operation. The cylinder 22 is fastened securelyv 
to the crankcase 10 by a number of bolts 26 which pass 
downwardly through the cylinder head 28, about the 
‘cylinder 22 and which are screwed into the crankcase 
10. The cylinder 22 is fabricated from any one of a 
number of commercially available high temperature 
glass compositions which can withstand the tempera 
tures and pressures generated with the combustion 
chamber 30. The engine also includes a piston rod 32 
and piston 34 which are connected in the usual 
manner. 

The cylinder head 28 includes an upper head plate 
36 and a lower head plate 38 which are formed from 
brass or aluminum. The upper and lower plates 36 and 
38 are separated and spaced vertically by spacer 
bushings 40 which also receive the bolts 26. The 
cylinder 22 and upper and lower head plates 36, 38 are 
secured together and to the crankcase 10 by upper and 
lower nuts 42, 44 which are threaded about their 
respective bolts and bear downwardly against the upper 
and lower head plates 36, 38 respectively. 
The head 28 includes overhead intake and exhaust 

valves 46, 48 which extend downwardly through the 
head plates 36, 38 and seat at the underside of the 
lower head plate 38. The exhaust valve 48 is biased in a 
normally closed position by a spring 50 and keepers 52, 
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4 
54. The exhaust valve is operated by the exhaust cam 
58 (see FIG. 2). The inlet valve 46 also is biased in a 
normally closed con?guration by a relatively small 
spring 60 and its associated keepers 62, 64. The intake 
spring 60 is designed so that it will maintain the intake 
valve in a normally closed position but will open in 
response to the reduced pressure in the combustion 
chamber 30 as the piston 34 travels downwardly to 
begin the intake stroke. The intake valve could also be 
cam operated. , 

As shown also in FIG. 2, the carburetor 66 is 
mounted beneath an extension of the upper head plate 
36. Fuel is stored in the fuel tank 67 which is mounted 
on top of the upper head plate 36. Fuel ?ows from the 
tank 67 to the carburetor through the conduit 69. The 
fuel-air mixture is directed to the inlet port by a T 
shaped manifold 68 which has a vertically disposed 
portion surrounding the intake valve 46 between the 
upper and lower head plates 36, 38. The ends ‘of the 
vertical portion of the inlet manifold 68 are sealed to 
the upper and lower head plates 36, 38 by resilient 
gaskets 70. The manifold 68 also is formed from trans 
parent glass to permit the action of the valve within to 
be viewed during operation. 
The exhaust valve 48 has a similar T-shaped exhaust 

manifold 72 which is retained between the upper and 
lower head plates 36, 38 in surrounding relation to the 
exhaust valve stem. The exhaust manifold 72 similarly 
is sealed between the upper and lower head plates 36, 
38 by resilient gaskets 74. 
The upper end of the cylinder 22 ?ts somewhat 

loosely within a shoulder 76 formed within the under 
side of the lower head plate 38. A resilient gasket 78 is 
disposed between the mating ends of the cylinder 22 
and lower head plate 38 to permit limited ?exure 
therebetween as a result of any expansion or contrac 
tion of these parts during operation. The engine also in 
cludes a spark plug 79 and magneto or distributor 81 
which function in the usual manner. 
An important aspect of the invention resides in the 

construction of the piston 34 to effect a seal between 
.the piston and the inner surface of the cylinder to ena 
ble engine operation and permit observation of the 
piston and combustion chamber without scratching or 
scoring the inner cylinder wall. The piston is thus made 
of material which if allowed to contact the cylinder wall 
directly would damage the cylinder wall while the 
means for effecting a seal between the piston and the 
inner surface of the cylinder and for radially spacing 
the piston from the cylinder wall in noncontacting rela 
tionship prevent damage to the cylinder wall. The 
piston 34 is formed from a heat-resistant, ?exible 
material, such as tetra?uoroethylene, or Teflon. The 
upper surface of the piston 34 is formed to define a 
somewhat deep annular groove 80 which is exposed to 
the combustion chamber 30. The groove preferably is 
tapered, as shown, and de?nes a relatively thin continu 
ous ?ap 82 about the upper periphery of the piston 34. 
The outer surface of the piston is undercut circum 
ferentially, as indicated by the reference character 84 
about the region of the ?ap 82 to provide greater 
freedom of ?exure for the ?ap 82. 
When the engine is operated, the increased pressures 

which develop within the combustion chamber tend to 
urge the flap 82 into firm engagement with the inner 
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surface of the cylinder 22, thus effecting the desired 
seal. The lower circumferential regions of the piston 
below the undercut portion 84 are cylindrical and mate 
smoothly with the inner surface of the cylinder 22 to 
seal the piston from the bottom. By fabricating the 
cylinder 22 and piston 34 from materials which display 
a relatively low relative coefficient of friction, the use 
of piston rings and lubricants are avoided. 

In operating the engine it is preferred to employ fuels 
havinga high vapor pressure and relatively broad limits 
of flammability. For example, acetone, ether, ethyl‘al 
cohol and methyl alcohol ‘have been found satisfactory 
because of their low energy content and also because of 
the absence of carbon, soot or other noxious or solid 
material in combustion products. The exhaust is so free 
of pollutants that the engine may be operated indoors 
in classrooms. Solid combustion products should 
preferably be avoided because they might tend to 
scratch or coat the cylinder wall and reduce its trans 
parent qualities. This is most undesirable in that it 
would hinder the observation of the internal moving 
parts for which the device is designed. 

Thus, the invention provides an internal combustion 
engine of transparent construction to permit the opera 
tion of its internal parts to be visually inspected while 
the engine burns fuel in an actual combustion process 
that emits negligible pollution. Moreover, the invention 
includes an improved seal between the piston and the 
transparent cylinder which will not mar the cylinder or 
otherwise reduce its transparent qualities while sustain 
ing the combustion process. 

Referring to FIGS. 3 and 4, there are shown perspec 
tive views of a preferred embodiment of the invention. 
Since this embodiment of the inventionis essentially 
the same as the embodiment described in connection 
with FIGS. land 2, except for the piston-to-cylinder 
wall sealing arrangement, the discussion which follows 
will omit much of the detail set forth above. Referring 

' to FIG. 3. there are shown certain additional features. 
This embodiment of the invention includes ?rst and 
second ?ywheels in flywheel housings 101 and 102, 
respectively, to facilitate having exceptionally high in 
ertia in a relatively compact structure while further 
facilitating observing the engine operation. The hous 
ing 10 includes a front cover plate 103 having vertical 
ribs that permits observation of the crankshaft 12 and 
other‘ internal elements while providing additional pro 
tection against fingers getting in. The housing 10 also 
includes the rear transparent cover plate 104 that 
facilitates observing operation of the camshaft and 
valve lifters, as best seen in FIG. 4., 
Another feature of this embodiment of the invention 

is having the cylinder wall 22 inside a strong trans 
parent plastic tube 105 supported between horizontal 
arms 106 and 107 to further protect against injury 
should the cylinder wall 22, explode. As indicated 
above, cylinder wall 22 is preferably coated with a thin 
plastic layer so that even if it did explode, the chances 
of sharp pieces of glass being projected are minimized. 

Still another feature of the embodiment of FIGS. 3 
and 4 is the provision of cooling fins, such as 108. Such 
fins may also be located adjacent to the other side ‘of 
‘spark plug 79 facing the front. 

This embodiment also includes an ignition switch 
111, terminals 112 to which a battery is connected and 
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6 
terminals 113 to which a coil is connected. With the 
battery and coil connected, switch 111 is turned on. A 
pull rope isthen wrapped around pulley 114 attached 
to the crankshaft and pulled to start the engine. Mix 
ture and fuel controls to control acceleration are con 
ventional and not illustrated here. 
An important feature ‘of this embodiment of the in 

vention comprises the piston ring construction in which 
the piston is made of metal of diameter less than the in 
side diameter of the cylinder wall, and the sole contact 
between the cylinder wall and the piston assembly is 
with the piston rings. Referring to FIG. 5, there is 
shown a sectional view through piston 34 of FIG. 3 and 
cylinder wall 22. There are upper and lower pairs of 
piston rings 121 and 122, respectively. These rings are 
visible in FIG. 3; however, the relationship of the piston 
assembly to the cylinder wall is best seen in FIG. 5. 
Upper piston rings 121 and lower piston rings 122 are 
made of plastic material having a low coefficient of. 
friction, such as tetra?uoroethylene. The sealing rings, 
such as rings 121 and 122 are thus made of resilient’ 
self-lubricating material having a lowv coefficient of 
friction. The piston cylinder 123 may be made of metal 
and formed with annular recesses at the top and bottom 
as indicated for accommodating upper ring pair 121 
and lower ring pair 122. These recesses also accom 
‘rnodate springs 124 and 125, which may be accordion 
springs that urge piston rings 121 and 122 ?rmly 
against the cylinder wall. A gap between the metal 
piston 123 and the inside wall of cylinder 22 insures no 
contact between piston and cylinder wall. As additional 
feature to prevent contact between piston and cylinder 
in case of ring wear or abnormal loading two nonseal 
ing brazed rings above and below the sealing rings can 
be provided in respective annular grooves. 

In conventional manner a wrist pin bearing 126 ac 
commodates a wrist pin‘127‘ through which connecting 
rod 32 is attached to the piston, wrist pin 127 being 
held in place by retaining ring 128 in a conventional 
manner. ‘ ‘ 

An important feature of this aspect of the invention 
is that the piston rings 121 and 122 effect a good seal 
between the cylinder 123 ‘and cylinder 22 while provid 
ing bearing surfaces along which the piston 34 rides. 
The seal is sufficient so that the combustion chamber 
above may develop adequate pressure to move piston 
34 down after ignition while developing an adequate 
drop in pressure during the intake stroke to draw an 
adequate mixture into the combustion chamber. All 
these results are accomplished while avoiding the liquid 
lubrication used in conventional internal combustion 
engines, something that would be especially disad 
vantageous for the purposes of the invention because 
the ?uid might well obscure or distort the desired view 
of the operating cycle. ' 
There has been described a novel transparent engine 

that is especially advantageous in connection with 
teaching the principles of operation of an internal com 
bustion engine. The relationship between ignition of 
the spark and piston and valve positions are readily ob 
served. The action of the various valves, shafts, rods 
and cams are readily observable in relationship to one 
another to illustrate engine operation. 

It is evident that those skilled in the art may now 
make numerous uses and modifications of and depar 



3,698,370 
7 

tures from the speci?c embodiments described herein 
without departing from the inventive concepts. For ex 
ample, the invention could be used in engines such as 
diesels and two-cycle engines or with different valving 
in external combustion engines such as steam engines. 
Consequently, the invention is to be construed as em 
bracing each and every novel feature and novel com 
bination of features present in or possessed by the ap 
paratus and techniques herein disclosed and limited 
solely by the spirit and scope of the appended claims. 
What is claimed is: 
1. An operative internal combustion engine for dis 

playing the operative relationship among elements 
. thereof comprising, 

piston means, 
means de?ning a cylinder wall surrounding the 

piston means made of transparent material so that 
operation of said engine may be visually observed 
during operation, 

and means coacting with saidv piston and said 
cylinder wall for sealing the combustion chamber 
bounded by means including said cylinder wall and 
said piston, 

the latter means also comprising means for establish 
ing a dry lubricating relationship with said cylinder 
wall as said piston reciprocates therein during en 
gine operation, 

said engine being free from liquid lubrication inside 
said cylinder wall, 

said means for sealing said combustion chamber 
comprising at least one sealing ring made of 
resilient self-lubricating material having a low 
coefficient of friction attached to said piston 
means and sealing the region between said piston 
means and said cylinder wall, 

said engine including ?rst means on said piston 
means for supporting said piston means to permit 
relative axial displacement with said cylinder wall 

‘ and means cooperating with said first means and 
said piston means for radially spacing said piston 
from said cylinder wall in noncontacting relation 
ship therewith, ‘ 

said piston means made of material which if allowed 
to contact the cylinder wall directly would damage 
said cylinder wall while said sealing ring and said 
means for radially spacing prevent damage to said 
cylinder wall. 

2. An internal combustion engine in accordance with 
claim 1 wherein said means for sealing also comprises 
said means for radially spacing. 

3. Apparatus in accordance with claim 1 wherein 
said piston means is made of high temperature material 
and formed with an annular groove formed in its upper 
face near the periphery of said piston means to de?ne a 
somewhat ?exible circumferentially continuous ?ap 
which bears against said cylinder wall to seal the region 
between said piston means and said cylinder wall, 
whereby increasing pressure inside the combustion 
chambers urges said ?ap toward said cylinder wall. 

4. Apparatus in accordance with claim 1 and further 
comprising, . ' 

?ywheel means having a moment of inertia suf? 
ciently high for slowing the operating rate of said 
engine to enable visual observation of the opera 
tion of the parts thereof. 
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5. Apparatus in accordance with claim 4 wherein 

said ?ywheel means comprises two ?ywheels on op 
posite sides of said engine. 

6. Apparatus in accordance with claim 1 wherein 
said means de?ning a cylinder wall is a high tempera 
ture glass composition. 

7. Apparatus in accordance with claim 5 wherein 
said means de?ning a cylinder wall is coated with thin 
plastic material. 

8. Apparatus in accordance with claim 5 and further 
comprising a transparent plastic tube surrounding said 
means de?ning a cylinder wall. 

9. Apparatus in accordance with claim 3 and further 
comprising, 

a circumferential depression undercut about the re 
gion of said ?ap, the bottom circumference of said 
piston means de?ning a relatively in?exible por 
tion at the bottom end thereof to seal the lower 
end of said piston means. 

10. Apparatus in accordance with claim 1 wherein 
the cylinder head of said internal combustion engine 
comprises, 

a lower plate mounted on said means de?ning a 
cylinder wall in sealed relation thereto and formed 
with valve seats in the underside thereof, 

a pair of hollow transparent manifolds de?ning inlet 
and exhaust passages above said lower plate in re 
gistry with respective ones of said valve seats, 

an upper head plate above said manifolds, 
a pair of overhead valve means extending through 

said upper and lower plates and respective ones of 
said manifolds movable relative thereto for valving 
cooperation with respective ones of said valve 
seats and having valve stems projecting beyond 
said upper plate, 

and means biasing said valve means in a closed posi 
tion. 

11. Apparatus in accordance with claim 9 and 
further comprising ?exible resilient gasket means 
disposed between said lower head plate and said means 
de?ning a cylinder wall for effecting a seal with limited 
?exure therebetween. 

12. Apparatus in accordance with claim 1 and 
further comprising, 

a source of fuel characterized by combustion 
products substantially free of material that would 
coat said cylinder wall to reduce the transparency 
thereof, 

and means for supplying a mixture of said fuel and air 
to said combustion chamber. , 

13. A method of operating the internal combustion 
engine of claim 1 which method includes the steps of 
‘supplying to said combustion chamber a mixture of aid ‘ 
and fuel characterized by combustion products sub 
stantially free of material that would coat said cylinder 
wall to reduce the transparency thereof, 
and then igniting said mixture to relatively displace 

said piston means and cylinder wall while the latter 
remains transparent. 

14. Apparatus in accordance with claim 2 wherein 
said piston means is formed with an annular groove ac 
commodating said sealing ring and further comprising, 

spring means inside said annular groove for urging 
said sealing ring against said cylinder wall. 
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15. Apparatus in accordance with claim 2 wherein 

said piston means is formed with ?rst and second 
spaced annular grooves accommodating ?rst and 
second pairs of said sealing rings and further compris 
mg, 

spring means inside each of said annular grooves for 
urging said sealing rings against said cylinder wall. 

* * * * * 
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