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An exhaust manifold (10) for an internal combustion engine is provided with internal insulation (26) to maintain the
outside skin temperature preferably below 450°F (232°C). The manifold (10) is provided with an exhaust conduit or lining
(24) comprised of interfitting relatively axially movable sections in contact with the exhaust gases. A low specific gravity or -
porous sleeve of insulating material (26) is fitted in slightly spaced relationship around the exhaust conduit (24). The sleeve
of insulating material (26) may be wrapped to prevent the metal of the outer cast manifold (22) housing from penetrating the
insulation. Each section (32, 34, 36) of the exhaust conduit (24) has a branch (46) for connection to a flanged nipple (50)
which is permitted some limited movement relative to the manifold housing (22) when connected to the exhaust ports of the
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Description

Insulated Exhaust Manifold

This invention relates to internally insulated
manifolds for internal combustion engines in order to

reduce the manifold exterior surface-temperatures.

Background Art

There have been engine exhaust manifolds that
are internally insulated with the view to maintaining
the manifold housing femperature below a predetermined
limit. U.S. Patent No. 3,86.,908, issued February 11,
1975 to LaHaye, shows a cast ferrous inner conduit
surrounded by insulation, which in turn, is covered by
a cast outer manifold. In this construction the inner
casting will rupture due to thermal fatigue since no
provision has been made for relieving the thermal '
stresses. '

In U.S. Patent No. 3,892,907, issued July 1,
1975 to Niimi et al, hard alumina and silica are cast
with metallic fibers embedded therein to form a liner.
The housing is cast about the liner. It has been found
that alumina is subject to surface fatigue due to
temperature cycling which produces a fine dust that
goes out the exheust. Aside from the dust problem, it
has been found that the structure will not hold up
over a period of time. _

U.S. Patent No. 3,173,451, issued March 16,
1975 to Slayter calls for an inner liner of refractory
fibers and refractory binder with a cast metal manifold
on top of 1t. The cast metal penetrates the insulation
during the casting. In time, with the insulation rigid,
the outer casting ruptures and, with the insulaftion not

rigid, the insulation fatigues out.
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A thermally insulating core of relatively
fragile material surrounded by a softer cushioning
material and a cast metal sheet on the outside is disclosed
in U. S. Patent No. 3,709,772 issued Jan. 9, 1973 to Rice.
There is no provision for preventing thermal fétigue of

the liner.

Disclosure of Invention

It is desirable to provide an eghaust manifold
that is insulated on the inside to maintain the external
housing of the manifold below a predetermined temperature
while minimizing wérpage of the manifold due to thermal
growth and metallographic changes. Preferably the mani-
fold will not leak and should be capable of withstanding
repetitive cycling and temperaturés without thermal
fatigue. ' '

According to the present invention, there is
provided an insulated manifold for an internal combus-—
tion engine having an outer casting with a plurality of
port branches extending sidewardly from said casting, an
exhaust conduit in said casting and having port stubs
extending into said port branches, an insulation member
encircling said exhaust conduit and having port stubs
en¢ircling said port stubs of said exhaust conduit, said
insulation member being spaced from said exhaust conduit
to provide a small air gap therebetween, and a sleeve
nesting in each port branch and connecting with said
port stub of said exhaust conduit.

Advantageously the manifold has a plurality
of axially relatively slidable sections, with each
section having a branch connected to an engine exhaust
port. The joint between adjacent sections is a slip
joint and permits axial expansion and contraction of the
conduit as the temperature of the exhaust gases vary.
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Brief Description of Drawings

The details of construction and operation of
one embodiment of the invention are more fully described
with reference to the accompanying drawing, in Which;

_ Fig: 1 is a side elevational view of the two
end portions of an improved manifold with the center
portion broken away;

Fig. 2 is a vertical cross-sectional view
taken through one port of the manifold and showing the
insulation and exhaust conduit in position thereinj; and,

‘Fig. 3 is an exploded perspective view of a
portion of the molded or cast sleeve of insulating '
material used in the manifold.

Best Mode for Carrying Out Invention

A manifold 10 is shown for use on an internal
combustion engine. The manifold 10 has one end portion
12 adapted to be connected to a turbocharger or other
exhaust outlet system for a vehicle and has an opposite
end portion 14 closed by an end plate 16. The manifold
10 can -have an appropriate number of port branches 18
to coincide with the number of exhaust ports in the
cylinder head. As shown in Fig. 1, two port branches 18
are illustrated connected to the end portions 12,1l of
the manifold 1Q,'with a broken away section which could
have additional port branches therebetween. '

The manifold 10 has an outer manifold-césting
22 and an inner exhaust conduit or lining 24. Between
the lining 24 and the casting 22 is a member 26 of
insulating material which is spaced from the lining 24
by a small or narrow air gap 28. The member 26 of
insulation material may have a wrap 30 wound around its
outer periphery to prevent locking the outer casting 22
to the insulation material due to metal penetrating the
pores of the insulation.
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More specificélly, the inner exhaust conduit
or lining 24 includes a plurality of individual
sections, three being'shown, 32,34,36, with one end
portion 38 of each section having a step-down or reduc-
tion in dlameter to form a reduced end portion male
connector 40. The end portion male connector 40 of
each section is adapted to slide into an open end U2
of an adjacent section, such as section 34, to form a ,
slip joint 4i4. Each section 32,34,36, is normally only
as long as the spacing between adjacent ports in the
engine block. That is, each section has one branch 18 .
for cohnecfion to one port so that there is a slip joint
1) between each-adjacent‘pair of cylinders. Each sectioh,
in this case section 34, has a stub port 46 extending
at an angle, such as 90°, to the axis of the section.

As shown, the stub port U6 terminates short of the
mouth of the port branch 18 for each cylinder.

: Each section 32,34,36, of the lining 24 is
made of thin wall stainless steel of suitable composi-
tion to resist corrosion;rsuiphidation, oxidation at 1400°F
(760°C), erosion of material due to high gas velocities
and pressure pulses and thermal fatigue. An example of
a material that has been found to'operate.Successfully
is SAE 347 type Stainless Steel. This is part of the
Class 18-8 Staiﬁless Steel which is ductile and requires
no heat treatment after welding. )

The cross-sectional shape of the exhaust
conduit or lining 24 can be rectangular, circular,.
oval, or the like, and generally the branch ports'l8
will, likewise, be of any desired shape. It has been
found, however, that a circular cross section for the
exhaust conduit 24 and é circular cross section for
the branch ports 18 is preferred since it provides
maximum strength with the least complexity in forming.
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Each branch port 18 has a flanged sleeve 148
extending between the port stub 46 and the surface of
the cylinder head when the manifold 10 is attached to
an engine. The port sleeve 48 has an integrélly formed
flange 50 flared outwardly at right angles to the .axis

~ of said sleeve U8 and has a reduced end portion 52

which is adapted to slide into the open end 54 of the
stub port 46. The joint between the port sleeve 48

and the stub port 46 can be a slip fit, but it can also
be welded by means of welding through the opening in
the sleeve 48 in a manner to be described hereinafter.

The member 26 is made of a low specific gravity;
porous insulation material and is comprised of a pair
of mating halves 56,58 split along'a plane containing
the longitudinal axis of the insulation member. The
plane ‘also splits the port stubs 60 down the middle so
that the two identical halves 56 and 58, when assembled
together, produce the insulation member 26 with the
appropriate number of port stubs 60. As illustrated in
Fig. 3, only one port stub 60 is shown, but it is to be
understood that the insulation member 26. generally will
be formed in such a way that the appropriate number of
port stubs 60 will be provided so that when the insula-
tion member 26 is assembled half 56 to half 58 and
placed over a lining 24, the insulation member 26 will
extend continuously from one end to the other of the
lining 24, ,

The insulation member 26 is formed from
commercially available materials which have appropriate
heat transfer coefficients for thé 1imited thickness
allowed for the insulation member. That is, in a major-
ity of situations, the insulation member 26 is limited
in thickness to not more than one-half inch (12.7mm}.
criterion that should be used in selecting the manifold
insulation is to be sure to have a heat transfer
coefficient that approximates the following:
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K < .06BTU/hr ft °F (.104 Watt/meter °K), otherwise
the insulation will get to be too thick. In practice,
one very desirable and successful insuiating material
is the material known under the trademark THIEMSUL
PINK manufactured by Thiem Corporation of Milwaukee,
Wisconsin, which is a commercial product conslsting of
fibers made from aluminum oxide and silicon oxide plus
organic binder. Another example is the trademarked
product KALMIN 5000 made by Foseco, a British company.
This material also consists of fibers made from )
aluminum oxide and silicon oxide, but in this case the
binder is inorganic. The exact compositions, firing
temperatures, shrinkage factors, and the like, are

known to the manufacturers of those products and no

claim is made in this application to the details or

the composition of the insulating material.

With the two halves 56,58 of the insulation
memﬁer 26 assembled over ‘the exhaust conduit or lining
24, they are aligned by end restralnts so as to provide
the small air gap 28 between the lining 2l and the
insulation member 26. As ‘an alternative, it is ppssible
to provide spacers, such as chaplets, on the sufface of
the lining 2l to space the insulation member 26 from
the lining 24. The insulation member 26 is spaced from
the exhaust conduit or lining 24 by a small amount, such
as from 1 to 5 millimeters, although greatér clearance
would work, but it would be at the ekpense of the
thickness of the insulation member 26. Since insulation
materlal generally is a better insulator than air, it
is desirable to max1mize the thickness of the insulation
member 26 while still maintaining an adequate air gap
28 for the intended purpose.

Air gaps between a lining and an insulétion
member, as such, are not new nor is a slip‘joint between

the sections of a lining. Hdwever, the slip joints
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have been a problem in the past in that they leak and
erode the surrounding insulation. In the present
embodiment, the leakage of exhaust gases at the slip'
joints Mu'is_in no way a detriment because the lining
5 . 2l protects the insulation member 26 from thermal
fatigue, erosion, mechanical loading by gas pulses,
and the like. The small air gap 28 reduces the erosion
of the insulation member 26 caused by hot gas pulses
coming through the slip joints 44 and also reduces the
10 mechanical loading on fhe insulation membef 26 caused
by deflections of the lining 24 arising from gas
pulses from the cylinders. If the joints -between the’
adjacent sections 32,34,36 of the lining 2l only abut
each other, it would be necessary to use a secondary
15 lining at the joints which, when combined with the small
air gap 28, will create no erosion of the surrounding
insulation member 26.
. With the two halves 56,58 of the insulating
member 26 in place around the lining 24, it may be
20 necessary to have a fibrous or relatively weak wrap 30
wrapped around the insulation member 26 in order to
prevent the locking of the outer casting 22 to the
insulation due to the metal penetrating the pores in the
insulation. The penetration of the metal into the
25 insulation subjects the insulation.member 26 to
rupturing due to thermal fatigue, since it cannot
‘expand at the same rate as the insulation. If the
insulation material is both strong and rigid, such as
bonded alumina phosphate,. then it is highly desirable
30 . to have the wrap 30 wrapped therearound. '

The outer casting 22 is preferably made of
cast iron; however .any metallic casting of conventional
composition, such as éluminum based alloys, is
satlsfactory. The outer casting 22 does not have to be

35 subdivided into sections as does the lining 24 because
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the temperature swings of the casting are relatively
low. That is, the temperature extremes of the césting
22 should be ambient to U50°F (232°C) maximum.

Except for very long manifolds, the casting 22 will -
neither warp nor leak and can be clamped tightly

. against the cylinder head of the engine}

The casting 22 may be formed directly on
the insulation member 26 by placing the wrapped
insulation member 26 and exhaust conduit or lining
24 4in a core box and then cast in a conventional
manner. The casting 22 has port branches 18 with
outwardly extending flanges 64 which are undercut at ‘
66 concentric with the port opening 62 in the branch.
A port sleeve 48 is inserted in each port branch 18
with its reduced portion 52 slip fitting over the
end 54 of the port stub 46 of the lining 24. If desired,
the port sleeve 48 may be welded to the port stub 46
by manipulating the welding equipment through the port
opening 62 of -the branch 18. The flange 50 of each
port sleeve U8 nests in the undercut 66. The depth of
the undercut 66 in the flange 64 is slightly greater
than, the thickness of the material forming the flange
50 of the port sleeve 48 so that when the manifold 10
is placed up against a gasket 68 on the side of the
cylinder and bolted thereto, a.small degree of movement
of the flange 50, sleeve L8 and attached lining section
34 is tolerated as the temperature of the exhaust gases
increases to the 1LQ0°F (760°Ci level. In some cases,
the recess in the flange-can be formed by counterboring,
which counterbore must be slightly deeper than the
thickness of the flange 50. In the alternative, if the
gasket 68 does not go under the flange 50, but only .
under the cast flange 64, the depth of the counterbore
could be slightly deeper than the thickness of the flange
50 minus the thickness of the gasket 68 between the

flange 64 and the cylinder head.
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The space between the lining 24 and the outer
casting 22 assumes the average pressure in the exhaust
manifold soon after the engine stabilizes at any partic-
ular operating point. .Pressure pulses, severe as'they,
maj be within the lining 24, are very small in the
space between the lining 2l and the outer casting 22,
mostly because the slip joints U4 are relatively tight
in relation to their length. This makes.for a vefy low
natural frequency of the system treated as g Helmholtz
resonator. For instance, fluctuations of sixty inches
of mercury within the lining 24 may result in only a
fraction of one inch of mercury in the space between the
lining 24 and the casting 22 in splte of the fact that
it "pumps up" to the average pressure in a turbocharged
engine of fifty inches of mercury absolute (169.37 kPa)
which is the level of supercharge.

As illustrated, a plate or cover 16 is secured
over the end of the casting. However, it is to be
understood that since the manifold casting 22 is cast
in place around the insulation member 26 and the lining
2L, the end can be cast integrally with the casting.
Likewise, the end section 32 will be closed off at one
end as will the end of the insulation member 26. In -
other words, at the far end portion 1l of the manifold
10, there will be a lining section, i.e. 32, with a closed
end, which end will be spaced by a small air gap 28 from
@ closed end of the insulation member 26. The wrap 30,
when'used, will encircle the end of said member 26 éo,
that the casting 22 can encompass the end-of the -

manifold.

In summary, an exhaust conduit 24 made up of -
a plurality of interfitting sections 32,34,36~is
surrounded by an insulation member 26 spaced from the -
lining or exhaust conduit 24 by a small air'gap'28.’
Depending upon the material of the insulation member 26,
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the member may or may'not be wrapped with a thin.'

wrap 30 whereupon the outer casting is cast directly
to the insulation member 26. The flanged sleeves 48
are inserted in each port branch 18.with a slip joint
44 between the inner ends of the sleeves 48 and the
port stub 46 of the sections 32,34;36 of the lining 24.
However, port sleeves 48 may be welded to the port stubs
by manipulating weldinhg equipment through the port
opening 62. The flange 50 of the sleeves 48 rests in
a counterbored portion 66 of the flange 64 of the

port branches 18 to permit some llmlted movement of
the sections 32,34,36 relative to the casting 22 as

_ the exhaust port branches 18 and exhaust conduit 21

receives heated exhaust gases. Sections 32,34,36

have slip joints 44 so that each one can move relative
to the other. 1In this way, the accumulative elongation
effect of the heating of the lining 24 is not trans-
mitted to the outer casting 22 of the manifold. Sméll
air gaps 28 between the sections 32,34,36 and the
insulation member 26 prevent erosion of the insulation
member 26_by exhaust gases passing through the slip
joints 44. The surface temperature of the casting 22
does not exceed L50°F (232°C) even with exhaust- gases
at approximately 1400°F (760°C). The design of the
manifold lb'prevents thermal stresses and thermal
fatigue of the insulation and of the casting 22,
erosion of the insulation member 26 is avoided, and
the lining 24 is permitted to expand or contract to

accommodate for temperature changes caused by the

exhaust gases.
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Claims

1. An insulated manifold (10) for an internal
combustion engine comprising an exhaust conduit (24)
having port stubs (46) extending sidewardly therefrom,
means (44) on said exhaust conduit (24) for permitting
expansion of said conduit (24) without increasing the
length of said conduit (24), an insulation member (26)

. encircling sald exhaust conduit (24) and having port

stubs (60) encircling said port stubs (46) of said

exhaust conduit (24), said insulation member (26)

- being spaced from said exhaust conduit (24) to provide

a small air gap (28) therebetween, a casting (22)
encirecling said insulation member (26) and said exhaust
conduit (24) and having port branches (18) encircling
sald port stubs (60,46) of said insulation member (26)
and said exhaust conduit (24), and a flanged sleeve (HS)
nesting in each port branch (18) and connecting with the
port stub (46) of said exhaust conduit (24) whereby in
use the skin temperature of said casting (22) is
maintained within allowable limits.

2. An 1insulated manifold (10) as claimed in
claim 1 wherein said exhaust conduit- (24) is comprised
of at least two axially aligned sections (32,34,36),
and wherein said means (Ul) for permitting expansion of
the conduit (24) comprises a slip joint (HM} between
adjacent ends of said seétions (32,34,36) whereby the
sections (32,34,36) may expand without elongating the
length of said exhaust conduit (24).

3. An insulated manifold (10) as claimed in
claim 2 wherein said sections (32,34,36) of sald exhaust

conduit (24) are made of thin wall stainless steel.
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k. An insulated manifold (10) as claimed in

claim 2 wherein said slip joint (44) is comprised of a
reduced end portion (40) on one section (32) which slips
into an open end (42) of an adjacent section (34). '

5. An insulated manifold (10) as claimed in
claim 1 wherein said insulation member (26) is comprised'
of insulating material that has a transfer coefficient
approximately K ==.06BTU/hr ft °F (.10l Watt/meterr°K).

6. An insulated manifold (10) as claimed in
claim 1 wherein the insulation member (26) is a cast
material and is in two mating parts (56,58) which are
assembled over said exhaust conduit (214).

7. An insulated manifold (10) as claimed in
claim 6 wherein said insulation member (26) is spaced
from said exhaust conduit (2L4) by an amount between 1

and 2.5 mm.

8. An insulated manifold (10) as claimed in
claim 1 wherein said flanged sleeve (48) has a slip fit
with the end of said port stub (46) of said section
(32,34,36) and said flanged sleeve (48) has a flange (50)

5 nested in an undercut portion (66) in ‘a flange (64) on
said port branch (18) whereby said sleeve (48) and
section (32,34,36) of the condult (24) may shift relative
to said port branch.(18) and castihg (22). o

9. An insulated manifold (10) as claimed in
claim 1 wherein a thin wrap (30) is provided around said
insulation member (26) inside said casting (22).
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10. An insulated manifold (10) for an
internal combustion engine having an outer casting'(22)
with a plurality of porf branches (18) extending side-
wardly from said casting (22), .an exhaust conduit (24)
in said casting (22) and having port stubs (46)
extending into said port branches (18) an insulation
member (26) encircling said exhaust conduit (24) and
Having port stubs (60) encircling said port stubs (46)
of said exhaust conduit (24) and being disposed in said
port branches (18) of said casting (22), said insulation

“member (26) being spaced from said exhaust conduit (24)

to provide a small air gap (28) thergbetween, and a
sleeve (48) nesting in each port branch (18) and
connecting with-said'port stub (46) of said exhaust
conduit (24) whereby in use the skin temperature of said
casting (22) is maintained within allowable limits.

11. An insulated manifold (10) for an
internal combustion engine comprising an exhaust conduit
(24) having at least two axially aligned sections
(32,34,36), a port stub (U46) extending sidewardly from
each sebtion,meéns (4Y) on said aligned sections
(32,34,36) for permittiné expansion of said sections
without elongating said conduit (24), a cast insulation
member (26) encircling said exhaust conduit (24) and
having port stubs (60) encircling said port stubs (46)
of said exhaust conduit (24), saidrinsulation member (26)
being spaced from said exhaust conduit (2&5 to provide
a small air gap (28) thefebetween; a casting (22)
encircling said insulation member (26) and said exhaust
conduit (24) and having port branches (18) encircling
said port stubs (60) of said insulation member (26)
and said port stubs (46) of said sections (32,34,36) of
the exhaust conduit (24), a sleeve (48) nested in.each
said port branch (18) and connecting with the port
stub (46) of said sections and a flange (50) on each

~RBUREAD™S
OMP1

g
Dy WIPO s
\TERNA'NOW



WO 79/00623 PCT/US79/00009

-1l

sleeve (U48) nested in an undercut portion (66) of the
port branches (18) whereby with the manifold (10)
bolted to an engine, the flanges (50), sleeves (48) -
and attached sectionsv(32,3ﬂ,36) of the exhaust
5 conduit (24) move as the temperature of the exhaust
gases increase without creaﬁing any stresses on the
insulation member (26) and casting (22) of the
“manifold (10). '

_ 12. . An insulated manifold (10) as claimed
in claim 11 wherein said means (44) on said aligned
~ sections (32,34,36) is a slip joint (44) whereby the -
sections (32,3&,36) may expand without elongating the
5 length of said exhaust conduit (24).

13. An insulated manifold (10) as claimed in
claim 12 wherein said sections (32,34,36) of said conduit
(24) are made of thin wall stainless steel.

14, An insulated manifold (10) as claimed in
claim 13 wherein said slip joint (44) is comprised of a
reduced end portion (40) on one section (32) which slips
into an‘open end (42) of an adjacent section (314).

) 15. An insulated manifold (10) as claimed in
claim 11 wherein said sleeve (L46) has a slip fit with
the end of said port stub (U46) of said section (34).
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