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1

This invention relates to internal combustion
engines. It is directed more particularly to the
cylinder block of the engine and the fabrication
of the water jacket for the cylinder block from
“thin-walled sheet metal.

In the conventional internal combustion engine
s heavy, massive, cast iron block is utilized hav-
ing core passageways in its interior structure sur-
rounding the cylinder bores. The cast engine
head has cooperating passageways, likewise
formed in the casting operation, to provide for
the circulation of cooling water around the firing
chamber, valves and exhaust conduits, and the
passageways of the head and block are in com-
munication with one another through a gasket
which facilitates attachment of the head to the
block in a water-tight seal. Inasmuch as the in-
ternal water passages are formed by means of
sand cores, the sand subsequently being shaken
from the castings, the internal surfaces are very
rough and uneven and, since they are ina:zcessi-
ble, it is impossible to make them smooth by ma-
chining or otherwise. This surface unevenness
greatly increases fluid friction in the system, and
local cavitation oceurs at many minute points
which prevents the efficient heat transfer that
might otherwise be expected irom the large area
provided by the rough surface.

In my copending application, Serial No.
662,323, flled April 15, 1946, an internal combus-
tion engine is disclosed comprising an engine
block constructed of sheet metal parts, all of
thin wall section brazed together. The engine
is characterized by light weight, high speed, efil-
cient operation, and by its inexpensive type of
fabrication from light gauge metal parts. 'The
principal objective of the present inventiocn has
been to provide an efficient, light weight, sheet
metal water jackel which is particularly suitable
for use with engines of the type disclosed in the
aforesaid patent application. :

In pursuing this objeztive two problems have
been encountered. Pirst, the water jacket must
be sufficiently strong to resist flexing, vibration,
and the tendency toward metal fatigue which
are much more pronounced in relatively elastic
thin wall metal elements than in cast structures.
Second, the problem of providing suitable resist-
ance to rusting and corrosion is much more acute
in thin wall structures than in massive iron
blocks. Obviously, corrosion of an inconseguen-
tial neture in a cast iron block would soon cause
2 thin piece of sheet metal to become so perfor-
ated that the metal would be incapable of serv-
ing any water jacket function. The invention
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in this respect is predicated upon the -concepi
of fabricating cylinder heads and bonnets as in-
tegra] parts of the cylinder barrels, and of pro-
viding a water jacket to embrace and surround
this assembly in such manner as {0 eliminate the
need for any gaskets or cement such as conven-
tionally are employed to form a water seal. In
other words, the idea has been to byild an engine
which is devoid of gaskets, upon the premises
that the elimination of all gaskets will elirninate

. the problem of gasket failure and will at the same
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time prevent lozal failures of such a nature that
engine exhaust gases could escape into the water
system to increase the acidity thereof and there-
by promote corrosion attack. But even clear hy-
drant water is corrosive to sheet metal and, to
avoid failure from such attack, the invention
contemplates the establishment of a uniform,
smooth film of corrosion resistant phenol format-
dehyde resin on the interior surfaces of the
water jacket and the contiguous metal surfaces
with which the coolant comes into confact. -
The invention is based upon the concept and
determination that the high heat transferring
capabilities of thin-wall, smooth-surfaced metal
parts enables heat to be dissipated by conduction
and by radiation, at a rate so good that no area
in the surfaze treated coolant system reaches
a temperature approaching the point at which
deterioration of the resinous protective surface
coating will commence. In other words, I have
discovered that by providing a high rate of heat
dissipation from the cylinders where intense
heat is developed, through the use of thin wall
cylinders, bonnets and jacket, a corrosion resist-
ant treatment of the surfaces may be used which
would soon decompose and fail in a block of con-
ventional contruction. The coating is continuous
and uniform and, in the absence of gaskets, no
abutting parts are present at which the coating
could be chipped to exposed bare metal.
" The conventional engine, because of its thick
walls and mass, usually is provided with & number
of so-called “freeze out” plugs in the water jacket
to protect the block from breaking in case water
in it freezes. In a sheet metal cylinder block
such freeze out plugs could provide additionsal
foci for rusting. However, the invention con-
templates a sheet metal water jacket which is so
constructed that it may withstand thé bursting
effect of freezing coolant independently of the
relieving effects of any freeze out plug. For this
purpose the water jacket is constructed with
longitudinal ribs which permit the water jacket
to expand sufficiently to teke up the stresses
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which may be caused by freezing of water in the
jacket.

An engine manifold, which connects the vari-
ous cylinder.exhaust bonnets together and to the
exhaust line is normally connected to one side
of the water jacket. In some cases the manifold
is -connected at such a point that a water tight
gasket Is neécessary where the manifold passes
through the water jacket. Moreover, in a con-
ventional engine the water jacket is of such heavy
stock that it can easily stand the weight of the
mechanical ‘connections which support and hold
the manifold in contact with the cylinder bon-
nets. In a sheet metal water jacket, on the other
hand, the metal flexes and the problem has been
to provide suitable strength to facilitate mani-
fold attachment without obstructing free circu-
lation of c¢oolant through the jacketing system.
Otherwise expressed, it has been the objective
to provide a connection between e sheet metal
water jacket and a manifold in which there is
no necessity for water-tight gaskets and in which
the structure of the water jacket is strengthened
at the point at which the water jacket and mani-
fold come  together. This purpose is accom-
plished by passing the bonnets entirely through
the water jacket, and by attaching the manifold

. to the bonnets at the outside of the water jacket.
8mall, threaded, thimble-like inserts are brazed
in the water jacket between pairs of bonnets.
The bonnets are brazed together and to the cyl-
inders and thus the bonnets serve to strengthen
the water jacket at the point at which the mani-
fold and engine are connected. The bonnets are
built to pass completely through the water jacket
and on thé outside of the engine are brazed to
the water jacket itself. Thus, no water-tight
gaskets are employed in connection with the ex-
haust manifold.

In the preferred construction the engine jack-
et is provided only with two openings, the inlet
and the outlet, for the coolant, approximately
midway between adjacent cylinders for a four-
eylinder engine. Due to the circularity of the .
cylinder barrels, however, & baffle is interposed
between the water inlet and these cylinders, in
spaced relationship to both, for the purpose of
directing -an even distribution of coolant to all
cylinder barrels. The baffle, directly ahead of
the water inlet, contains a metering orifice which
controls the flow of water past the cylinders in
the central portion of the block, while the por-
tions of the bafile adjacent the orifice channel
respective portions of the flow to the other cyl-
inders. The baffle, in the preferred construction,
cooperates with a groove in the water jacket
which helps desired water distribution to be ob-
tained, and at the same time serves as an ex-
pandible rib -for protecting the water jacket
against freezing.

Other objects and advantages of the inven-
tion are described in the following detailed de-
scription of the drawings in which typical em-
bodiments of the improvements are illustrated.

In the drawings:

Figure 1 is a side elevational view showing an
internal combustion engine having a water jack-
et constructed in accordance with this inven-
tion. : o

Figure 2 is a sectional view of the water jacket,
the section being taken along the line 2—2 In
Figure 1.

Figure 3 is an enlarged detailed view showing
the construction of the baffle used to distribute
water through the water jacket and between the -

, B 3

cylinders of the engine illustrated in Pigure 1.

Plgure 4 is a sectional view of the baffle taken
along the line 4—4#4 in Figure 3.

Figure b is a sectional view of the baffle taken
along the line §—3¥ in Figure 3.

Pigure 8 is an enlarged sectional view of a cyl-
inder taken along the.line §-—6 in Figure 1.

Pigure 7 i8 an enlarged sectional view of a

" cylinder, the section beéing taken on the center
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line of the cylinder but at right angles to the
section shown in Figure 6.

Figure 8 is an enlarged sectiona] view showing
the upper part of a valve assembly enlarged par-
ticularly to show the manner in which the resin-
ous coating covers the inside of the water jacket
and all parts of the cylinder block with which
coolant comes into contact.

Figure 9 is an enlarged view showing details
of one of the threaded thimbles which are lo-
cated between adjacent exhaust bonnets for use
in attaching a manifold to the water jacket.

As illustrated in Figures 1 and 2, a sheet- metal
water jacket 10 is shown attached to a sheet metal
motor II. The jacket forms a shell surrounding
the cylinders 2 of the motor and the water jacket
is brazed to and supported by the cylinders 12.
The jacket extends from sbove the bonnets 13
down along the cylinders to a point just below
the lower portions of the cylinders, preferably,
just below the lowest point to which pistons 14
descend as illustrated in Figure 7. Thus, all that
part of the cylinders exposed to hot gases of com-
bustion are jacketed and in addition the exhaust
bonnets on top of each of the cylinders are also
enclosed.

As shown in Figures 1 and 6, each side of the
water jacket 10 is provided with one or more lon-
gitudinal ribs (8 which extend along the length
of each side. The ribs 16 strengthen the water
jacket longitudinally and additionally serve to
permit the water jacket to be deformed without
tearing. Thus, the walls of the water jacket are
provided with sufficient flexibility that the con-
tents of the water jacket can be frozen solid with-

5 out any rupture of the jacket. This permits con-

struction of a water jacket without any freeze-
out plugs such as are usual in the conventional
cast cylinder block.

Below the ribs 18 (Figure 1) is a wide, water-
distributing rib 17. The rib 17 serves to permit
expansion of the water jacket in a manner sim-
ilar to the ribs 16, but in addition the rib 17 is
built around a water inlet I8 and acts to channel
the flow of water into the water jacket. The
water inlet I8 leads into the water jacket 10 and
a baflle {9 is provided in association with the wa-
ter inlet {8 and the distributing rib 7, which
bafle guides the flow of water so that all of the
cylinders are cooled equally,

Detalls of the baffle construction are shown in

-Figures 3 to 5. The bafile 19 is attached to the

sides of the water jacket above and below the dis-
tributing rib {1, by spot welding or other appro-
priate means. The baffle has a small orifice 20
through which water is metered between the in-
nermost cylinders 21 of the engine, and a pair of
wings 22 which guide water away from the in-

_ nermost cylinders and into the water distribut-
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. --and 2, is constructed from sheet metal.

(]

ing rib 1. Water guided by the baffle flows
along the distributing rib 17 as shown by arrows
in Figure 2 to surround all of the cyllinders 12,
cooling them all evenly.

The- water jacket, as illustrated in Figures 1
As shown
in Figure 2, four sheets, one on each side, may
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be used to construct the jacket proper. These
are pressed into shape and then are brazed to-
gether in a hydrogen brazing furnace. The braz-
_ Ing of the water jacket is done at the same time
as the brazing of the other parts of the engine
-as described in my aforementioned application.
Serjal No. 662,323. At these points at which the
sheeéts come together at the corners, overlaps 23
are provided to form brazing connections and to
strengthen the corners of the water jacket. Al-

10

ternately, the jacket proper may be made from -

a gsingle sheét of metal having a series of open-
ings in the center to permit valve stems and
bonnets to pass through and having side sec-
tions bent with a box-like structure to provide
sides for the water jacket. .The overlaps 23 pref-
erably are constructed as a part of the side sec-
tions; thus, a part of one side section overlaps the
adjacent side section to strengthen the joint. As
shown in Figures 6 and 7, a bottom panel 24 is
brazed to the cylinder and to the water jacket to
support the water jacket and hold it in spaced
relationship with the cylinders. The outer edge
of the panel 24 is erimped as at 28 to fit around
the edge of the water jacket and form a firm
contact suitable for brazing, while the upper part
of the water jacket fits around and is brazed to

valve followers 26. After brazing, the assembly -

forms & single unitary structure with the cyl-
inders having no openings other than the water
inlet 18 and & water outlet 27,

The bonnets 3 at the top of each cylinder lead
completely through the jacket side wall, as shown
in Figures 1, 6 and 7. All bonnets are brazed to
the cylinder heads and are held firmly in spaced
relationship, so as to strengthen the upper por-
tion of the jacket structure. However, no water-
tight gaskets are required in connection with the
bonnets because they lead through the water
jacket to the outside where the bonnets can be
attached directly to a manifold. In addition, a
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In the upper portion of the cylinder, as shown
in Figure 6, water flows around and cools each
of the bonnets 13, In addition each spark plug
33, as shown in dotted lines, is constructed to pass
through a socket 34 in the water jacket whereby
the lower portion 38 of the spark plug 33 is cooled
by water in the water jacket. As a result the
operational, lower portion of the spark is main-
tained at a relatively cool temperature. The de-
tails of construction and operation of this por-
tion of the engine are described and claimed in
copending application Serial No. 662,323.

The problem of rusting is particu’arly serious
in a sheet metal water jacket becatse the walls of
the jacket are thin and can rust through easily
and quickly once corrosion starts. ' Corrosion in-
hibitors such as sodium chromate or the like are
effective rust preventives so long as they are
maintained in adequate concentration in the cool-
ant system, but the necessity of vigilance in this
respect makes their use undesirable. Various
resins, paints and varnishes also are effective as
rust proofers but, being of organic nature, they
are subject to decomposition and carbonization
at high temperature. Upon explosion of the fuel
air mixture in an internal combustion engine an
exceedingly high temperature is attained, at least
momentarily, yet in the high speed engine these

_ explosions occur with great rapidity. As previous-
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strengthening plate 28 is firm'y attached to the .

outer surface of the water jacket where the bon-
nets {3 pass through the jacket, A series of
thimbles 29 is provided in the water jacket for
use in attaching a manifold to the bonnets. BEach
of the thimbles 29 is located between a pair of
bonnets, and passes through the jacket wall and
through strengthening plate 28. Only a nar-
row and, therefore, rigid portion of sheet metal
wall exists between a thimble and the adjoining
bonnet and the metal is thickened by the plate
28 at this point to ho'd the thimbles 28 firmly in
place. An annular collar 30 is brazed to the out-
side of each bonnet and serves to hold the plate
28 in place and as a surface for attachment of
manifolds. After brazing, all collars are surfaced
in alignment to facilitate the seating of the mani-
folds upon the structure. Thus, the bonnets,
thimbles, and strengthening plate form a single
structure, self-strengthening, to support a mani-
fold; and the manifold may be attached tightly
to the sheet metal water jacket and held firmly
in place thereon without causing deformation of
the jacket metal. Details of the thimble con-
struction are shown in Figure 9. The thimble 29
has a blind, threaded hole and is firmly brazed
to the water jacket §0. . The manifo'd bolts en-
gaging the threaded bores can be tightened in
the thimble 29 to hold the manifold in place
against the bonnets. The thimble has a shoulder
3! and an outer crimped edge 32 which cooperate
to hold the thimble in place and to hold the
‘strengthening plate to the wall of the water
Jacket (0.
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ly indicated, I have discovered that notwith-
standing these exceptionally high temperatures
occurring in the cylinders at one side of their
wall still a resinous corrosion and moisture re-~
sistant coating may be maintained without de-

5 composition upon the surface at the other side

of the wall by virtue of the high heat conductiv-
ity of the wall and the high heat dissipating ac-
tion of the thin wa'l block and jacket structure.

While various film forming, organie, resinous
materials may be used for this purpose one which
has been found to be suitable is disclosed in
Hempel Patent No. 2,198,939, comprising a thermo
setting oil-free pigmented formulation containing
a volatile solvent as the diluent. It is not neces-
sary, as contemplated by the Hempel patent to
apply three or four coats of this material. One
coat is adequate fo'lowed by the application of
a second coat of the clear lacquer. In the appli-
cation of film of this type it is preferable to in-
troduce the liquid resin material into the jacket

‘and, with the inlet and the outlet openings being

closed, to flush or circulate the liquid through the
Jacket in such manner that all surfaces are wetted
thoroughly. If desirable, for mass production op-
erations, a stream of the liquid material may be
pumped through the jacket preferably while the
Jacket is being rocked or turned so as to insure
the treatment of all internal surfaces. After the
application of this liquid the excess is permitted
to drain and the block is then heated sufficiently
to evaporate the volatile solvent, but not so hot
as to set tlie resin. Then the clear éoat is applied
and after the excess of clear coat has been
drained both films simu'taneously are baked so
that the resin becomes set and hard.. Pretreat-
ment of the gasket surfaces by bonderizing or the

' like promotes adhesion of the coating to the metal

75

surfaces. In this manner a continuous film is es-
tablished devoid of pin point cavities or cracks.
The resin is flexible enabling the jacket walls to
expand and contract and vibrate as they do dur-
ing engine operation without rupture of the coat-
ing.

In a typlcal procedure after the excess resin
of the first coat has been drained from the jacket
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the first coat may be air dried for fifteen minutes
and then baked in an oven for about thirty min-
utes, during which time low pressure air at 150°
P. iIs circulated through the block. The block
may then be baked for about twenty minutes
more at a temperature of about 250° to 275° P,
and cooled at room temperature for application
of the second coat. The second coat is siushed
through the block and, as previously described,
the excess is drained and the block is then baked
for thirty minutes at 150° F, and for twenty min-
utes at 250° to 275° F. as just described. Finally,
the temperature is raised te 375° to 385° F. for
twenty minutes to give a completed, durable,
non-soluble coat of hard but flexible resin.

The coating is shown in detail in Figure 8. The
flim 36 adheres to all the walls of the water
jacket 10 and also the walls of the bonnets (3.
The resin builds up at all sharp corners to form
rounded fillets 37 at the sharp corners. Thus,
the finished interior resinous coating presents a
smooth somewhat glossy surface to the flow of
water, and the surface is free of any sharp cor-
ners at which cavitation would tend to occur dur-
ing flow of the coolant. Moreover, it is to be noted
that the most usual foci for rusting and corrosion,
those points at which there is a sharp bend in
metal or at which two or more sheets of metal
come together, are absent in the present structure
because the fillets 37 provide protection at such
points.

The jacket of this invention has been described
with particular reference to the use of water as
the cooling medium. However, other cooling
liquids such as diethylene glycol or water-alcohol
mixtures may be used,

Having described my invention, I claim:

1. A sheet metal water jacket which comprises
a shell surrounding cylinders, of an engine, bon-
nets on the cylinders which pass completely
through the shell, and a series of threaded thim-
bles inserted in the shell, each of said thimbles
being inserted between adjacent bonnets and con-
structed and arranged to hold a manifold in abut-
ting relation with said bonnets.

2. Asheet metal jacket for an engine comprising
sheets of metal brazed together and to the cyl-
inders of the engine to form a unitary structure,
a plurality of spaced bonnets attached to the
cylinders and to the jacket, and a plurality of
threaded thimbles brazed to the jacket, each of
said thimbles being attached to the jacket be-
tween adjacent bonnets, said thimbles being con-
structed and arranged to hold a manifold in abut-
ting rclation to the bonnets.

3. A sheet metal coolant jacket for an engine
comprising a shell surrounding cylinders of the
engine, said shell comprising sheets of metal
brazed together and to the cylinders to form g
unitary structure having openings only to admit
and remove cooling liquid, and a baffle placed in
spaced relation with the water inlet, said bafile
having an orifice adapted to channel the flow of
water about the innermost cylinders and having
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& pair of wings adapted to channel the flow of
water about the other cylinders.

4. A water jacket which comprises a sheet metal
shell, said shell having longitudinal ribs, a water
inlet associated with one of said ribs, and a baffle
in spaced relation with said inlet, said baffle hav-
ing an orifice and a plurality of wings adapted
to channel the flow of water about the cylinders of
an engine,

5. A sheet metal water jacket which comprises
a shell surrounding cylinders of an engine, bon-
nets from the cylinders which pass completely
through the shell, and a series of internally
threaded thimbles extending into said jacket from
sald shell, each of said thimbles having a threaded
blind hole therein and being inserted between 2
pair of bonnets whereby said thimbles are adapted
to hold a manifold in abutting relation with said
bonnets.

6. A sheet metal water jacket which comprises

- & shell surrounding cylinders of an engine, said
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shell having a plurality of longitudinal ribs con-
structed and arranged longitudinally to strengthen
the water jacket and to permit expansion of the
water jacket, a water inlet pipe associated with
one of sald ribs, and a baffle in spaced relationship
with the ‘water inlet, said baffle having an orifice
adapted to channel part of the cooling water about
the cylinders in front of the bafile, and said baffle
having a pair of wings adapted to channel the
rest of the cooling water into the rib associated
with the water inlet to flow about the rest of
the cylinders of the engine.

7. A sheet metal water jacket which comprises
a shell surrounding cylinders of an engine, said
shell having a plurality of longitudinal ribs con-
structed and arranged longitudinally to strength-
en the shell, bonnets from the cylinders which
pass completely through the shell, a strengthen-
ing plate fixed to the shell and to the bonnets, and
a serles of blind-hole, threaded thimbles inserted
in said plate and shell, each of said thimbles being
inserted between a pair of bonnets and econ-
structed and arranged to hold a manifold in
abutting relation with the bonnets.

PAUL KLOTSCH.
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