Nov. 26, 1940. W. R. RAMSAUR ET AL 2,222,721
' - OIL COOLER ’ } :
" Filed April 13, 1936 4 Sheets—Sheet 1

27, s 7 @,
, \ ',,,/’\\f,/ é///~-/

2
’¢

23

- .-,. m . :

Hallet R Ramsaut &
Clatles /(Z OBtien

zgg_:%s. z;m%%m




Nov. 26, 1940. " W. R RAMSAUR ETAL 2,222,721

0IL COOLER

Filed April 13, 1936 4 Sheets-Sheet 2

/ ;5_0

11

A~ T -“ ,

‘Iw Haltos R Ramsant &
. Clatles f OBtien




- Nov. 26, 1940. " W. R RAMSAUR ETAL 2,222,721
0IL COOLER
Filed April 13, 1936 4 Sheets-Sheet 3

43 9 ~t= &

26

,@ - | Haltets R Ramsans &
| a | Chasles / OBiien

Al s X,




2,222,721

W. R. RAMSAUR ET AL

OIL COOLER

Nov. 26, 1940.

4 Sheets-Sheet 4

Filed April 13, 1936 .

3R
. / : /V
e
S
_H.Hrllllllhu»__qulllHHm__
_mu.»lHII‘WHuWUHHUIHI
ﬂwﬂuuﬁuuﬂwﬁulu =
__nllllllllllx F=¥——+—o
_IWHIIHHU_HHHLHHHu
e e
[ o v qﬁwwwmn

a0 5 S0
ﬁ‘fll\m? e
S S | R =/

]

.jm ) :

| HWalies R Ramsans & ‘,

er
T Qrormend

Y

/@- 9Bz,

- %«7%«

Clatles

L4



Patented Nov. 26, 1940

UNITED STATES

2,222,721

PATENT 'OFFICE

222271
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Walter R. Ramsaur and Charles J. O’Brien, Lock-
port, N. Y., assignors to' General Motors Corpo- -
ration, Defroit, Mich,, a corporation of Dela-

ware

Apphcation April 13, 1936, Serial No. 73,988
5 Claims. (ClL 257—245)

This invention relates to heat exchangers and,
particularly, to internal combustion engine lubri-
cant temperature regulators which are hereafter

. referred to as “oil coolers.”
5  One of the objects of the invention is to pro-
vide a heat exchanger of high eficiency which is
capable of withstanding the temperatures and

pressures to which it will be subjected when in--

stalled in an internal combustion engine pressure
10 Iubricating system and yet is of simple and inex-
pensive construction and offers little resistance to
the passage of lubricant through it.
" Tor a better understanding of the nature and
objects of this invention, reference is made to the
15 following specification and the accompanying
drawings.
In the accompanying drawings:
Figure 1 shows an oil cooler in which our in-
vention is embodied installed on an internal com-
20 bustion engine.
Figure 2 is an enlarged view of the oil cooler
shown in Figure ‘1 with parts broken away.

Figure 3 is a view in which the core of the oil

cooler shown in the preceding flgures is shown
25 in elevation and the case thereof in section on the
Hne 3—3 of Figure 2.
Figure 4 is an enlarged fragmentary view,
- mainly in section on the line 3—3 of Figure 2.
Figure 5 is an exploded view of elements em-
80 ployed in the manufacture of the core of the oil
cooler shown in the preceding figures.
Figure 6 is a view of the elements of the core
of the ofl cooler shown in the preceding figures
assembled In a brazing fixture.

85 TFigure 7 is a perspective view of one of the
spacers which constitute parts of the brazing fix-

ture shown in Figure 6.
. Pigure 8 is a view similar to Figure 2 of another
ofl cooler.

40 Figure 9 is a view in which the core of the oil
cooler shown in Figure 8 is shown in elevation
and the case thereof In section on the line §—38
of Figure 8.

-~ Plgure 10 is & phantom view of a tube of the

45 oil cooler shown in Figures 1 to 4.

" Figure 11 is a phantom view of a tube of the
oil cooler shown in Pigures 8 and 9. -
Figure 12 is a view similar to Figures 2 and 8
of a third oil cooler.

80 TFigure 13 is a phantom view of a tube of a
fourth oil cooler.

Figure 14 is a phantom view of a tube of a ﬁfth
oil cooler.-
The ofl cooler 10 which is shown in Figures 1

88 to 4 and 10 consists of a core 11 and a case with-

in which the core is enc]osed The case consists

of a sheet metal body (2 and a cast metal cover

{3 to which the body is secured by screws 4. In
opposite ends of the body 12, there are provided
water inlet and outlet openings 3{ and 32. In 3
the cover I3, there are provided lubricant inlet
and outlet openings 33 and 34. The core consists

of & base 15 and a number of flat “tubes” 16 which
are preferably made of 30% cupro-nickel and is
disposed between the water inlet and outlet open- 10
ings in the body and connected to the lubricant
inlet and outlet openings in the cover of the case.
The base {5 consists of a plate of metal, prefer-
ably iron, through which extend a pair of open-
ings 28 and in which there are secured three 156
studs 29.

.Bach of the tubes IG consists of a generally
rectangular tray-like male element I7 and a sim-
ilar female element 18 whose rim 9 snugly em-
braces and is metallically bonded to the rim 20 gp
of the male element. Within each tube, there are
disposed two corrugated plates 2§ which are pref-
erably made of steel and are arranged end to end
lengthwise of the tube with their corrugations
extending lengthwise of the tube. The corruga- 28

" tions in the plates 2f are approximately rectan-

gular in form and their crests are metallically

‘bonded alternately to the male element and fo

the female element of the tube. In each side of
each corrugstion, there are provided a serles of $0

-  openings 22 separated by webs 23 so arranged

that the openings in one side of each corrugation
register with the webs in the other side thereof
crosswise of the plate. Between the two plates 21
in each tube (6, there is located a baffle 24 which gg
consists of a thin strip of metal, preferably steel,
whose edges are metallically bonded, respectively,
to the male and female elements of the tube. The
length of the bafile: 24 is considerably less than
the width of the tube and its ends are spaced 49
equidistantly from the edges of the tube. :

Through the male and female elements of each
tube, except the outermost, and the corrugated
plates 2f at about the centers of the latter, there
extend openings which are encircled by outwardly 45
projecting flanges 26 and 26 on the male and
female elements. Corresponding openings are
formed in the male element of the outermost
tube and in the corrugated plates in it but the
female element of the outermost tube is left im- 5o
perforate and reinforced opposite the openings
in the male element and the corrugated plates by
discs 27 of the same material as the element
metallically bonded to it.

'I‘he innermost tube 16 is metallically bonded to &&
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the base 1§ with each of the flanges 25 on its
male element projecting into one of the openings
28 in the base. Over each of the flanges 25 on
the male element of each fube 16 (except the
innermost) and over one of the flanges 26 on the
female element of the tube immediately between
it and the base ‘16 is sleeved a short length of

tubing 30 which is made of the same material gs -

the tubes and metallically bonded to both.

The core Il is secured by the studs 29 and
nuts 39 to the cover 18 of the case with one of
the openings 28 in the base 5 in registration
with each of the oil inlet and outlet openings
38 and 34 in the cover.

In manufacturing the core of the oil cooler
shown in Figures 1 to 4 and 10, the elements of
each tube 16 are formed and assembled in the

manner described and {llusirated with e sheet ¢

of copper foil about 0.002’’ thick interposed be-
tween the corrugated plates 2{ and the bafile 24
and the male element and a sheet b of copper foil
about 0,004’ thick on which there is formed a

rim ¢ interposed between the corrugated plates-

and the bafile and the female element with its
rim Interposed between the rims of the mele and
female elements. In the sheets ¢ and b which
may be formed concurrently with the male and
femeale elements of the tubes or formed separate-
ly end then introduced into the elements, there
are, of course, provided openings e correspond-
ing to the openings in the male and female
elements of the tube and the corrugated plates.
Then a washer d of copper foil about 0.002’’

thick is impaled on each of the flanges 25 and

26 on the male and female elements of the
tube and one of the short lengths of tubing 30
sleeved over each of the flanges 26 and seated
on the washer d which is impaled on it.

After a number of the tube assemblies de-
scribed in the next preceding paragraph have
been made uy, one of the “outermost” tube as-
semblies is seated “upside down” on a suitable
base plate A of stainless steel or other non-braz-
ing heat-resisting metal. Then a psair of spacer
plates B of the same material as the base plate
are seated on top of the tube assembly with
each of the semi-circular notches C partly en-
circling one of the short lengths ‘of tubing 30 and
the notched edges of the plates abutting each
other. After this, an “inner” tube assembly is

seated on top of the spacer plates B with each

of the flanges 26 on its female element project-
ing into one of the short lengths of tubing 30
which are impaled on the flanges 25 on the male
element of the tube on which the spacer plates
are seated. The two operations last described
are repeated until an assembly of the desired
number of tubes has been produced. Then
a core base 15 is seated on the uppermost tube
of the assembly with one of the openings 28 in
the base encircling each of the flanges 25 on
the male element of the tube and a sheet f of
copper foil about 0.002’* thick in which there
are provided openings g corresponding to the
openings in the base and openings . through
which the studs 28 may be inserted interposed

between the male element of the tube and the -

base. Affer this, a top plate D of the same
material as the base plate A and spacer plates B
is seated on top of the core base with the studs
29 on the latter extending through openings in
the former,

The core assembly in the fixture A—B—D is
then transferred to a suitable furnace and heated
in an atmosphere of hydrogen and other non-

2,222,731

oxidizing gases until the sheets and weashers of
copper foil have fused and metallically bonded
the several elements of the core. The tongues
36 on the extremities of the bafle 24 which ex-
tend into corrugations in the plates 21 prevent
shifting of the baffle prior to the time it is me-
tallically bonded to the male and female ele-
ments of the tube within which it is disposed.
The top plate D and the spacer plates B hold
the elements of the .core assembly firmly to-
gether and the spacer plates prevent the tubes
being distorted by the_weight of the top plate
and -the spacer plates above them during the
brazing operation.,

After the sheets and washers of copper foll
have fused and metallically bonded the several
elements of the core, the core assembly is re-
moved from the furnace and allowed to cool in
the fixture A—B—D. After the core assembly
has cooled, the top plate D is removed from it
and the spacer plates. B are withdrawn from
between the tubes 16. The core is then ready
for use.

As indicated in FlguLe 1, the ¢il cooler [0
shown in Figures 2, 3, 4 and 10 was designed
for installation on an internal combustion en-
gine 37 with one of the openings 3i and 32 in
the body of the case connected to the discharge
side of the engine cooling water pump 38 and
the other to the engine water jacket inlet pipe 39
and with one of the openings 3% and 34 in the
cever of the case connected to the discharge side
of the engine lubricant pump 40 and the other
to a pipe 41 which leads to bearings of the en-
gine. When the oil cooler is so installed and
the engine is operating, the pump 40 forces lubri-
cant through one of the passages 33 and 34 in
the cover {3 into what may be called the oil
inlet duct of the core, thence in parallel through
the several tubes 16 to what may be called the
oil outlet duct of the core, and thence through
the other of the passages 33 and 34 into the
pipe 4! which leads to bearings of the engine.
The terms “oil inlet duct” and “oil outlet duct”
used in the next preceding sentence, of course,
designate, respectively, the passage which ex-
tends from the first and the passage which ex-
tends from the last mentioned passage in the
cover i3 through the base {5 of the core, the
“inner” tubes (6 and the short lengths of tubing
30 into the “outermost” tube (8. In passing
from the pump 388 into the pipe 39, the engine
cooling water, of course, passes through the
case of the oil cooler 10 and around and between
the tubes 18 and extracts heat from or gives up
heat to the oil within the core of the oil cooler,

The corrugated plates 21, of course, prevent
distortion of the tubes 18 by the pressure of the
oil within the tubes. They a&lso serve as fins,
and, consequently, expedite, transfer of heat be-

.tween the water and the ofl. They, furthermore,

effect constant subdivision and reunion of the
streams of oil flowing through the tubes 1§ and
cause the streamlets of ofil to follow. tortuous
courses and, consequently, raise the efficiency of
the oll cooler. The efficiency of the oil cooler
is further increased by the bafle 24 which, as
Figure 10 indicates, causes the oil to travel cir-

cuitously instead of directly from the oil inlet

duct.to the oil outlet duct.
It is also to be noted that oil coolers of the
type described are much less likely to be rup-

tured by the strains imposed on them while

they are in use than oil coolers of the water tube
type with soldered joints which have been used.
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The use of ofl tubes instead of water tubes re-
duces the likellhood of rupture as a result of
freezing of water within the cooler because it

facilitates drainage of water from the cooler and ’
eliminates confinement of the water in spaces’

with small dimensions. The use of copper in-

“stead of solder to bond the severeal elements of

the oil cooler together increases the mechanical
strength of the joints and renders them less sub-

ject to deterioration by the heat to which they .

are subjected while the cooler is in use.
The oil coolers shown in Figures 8, 9 and 11,

12, 13 and 14 are generally similar in construc-

tion and operation to and may.be made by the
same general method as the oil cooler shown in
Figures 1-4 and 10.- Consequently, in describing
these oil coolers, we shall in general confine
ourselves to pointing out- wherein they - differ
from one of those previously described.

. Except in that the cover 40 of the case is of
sheet instead of cast metal and is secured to the
body 41 by bolts and nuts 42 instead of screws
and the core is of somewhat different construc-
tion, the oil cooler shown in Figures 8, 9 and 11

does not differ materially from that shown in.

Figures 1-4 and 10. The core of the oil cooler

* shown in Figures 8, 9 and 11 differs from that

30

shown in Pigures 1-4 and 10 in two respects.
One is that each tube 43 contains only a single
corrugated plate 44 and the corrugations in this
plate extend crosswise instead of lengthwise of

" the tube and the bafile 24 is, of course, omitted.

- 40
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The other difference is that instead of a base,
such as {5, for the core, there are provided two
nipples 45 which are connected, respectively, to
the oil inlet duct and the oil outlet duct of
the core and secured by:nuts 46 in openings in
the cover 40. ,

The oil cooler shown in Figure 12 differs mate-
rially from that shown in Figures 8, 9 and 11
only in that one of the ducts 50 which extends
through the tubes 51 and 52 is closed at both
ends and the other 55 is open at both ends and
closed between the groups of tubes 51 and 52
by an imperforate disc 54. To each ‘end of the

duct 55, there is connected a nipple §3 of which -

one is secured in an opening in the body and the
other in an opening in the cover of the case. The.
oll cooler shown in Figure 12 is designed to be
installed on an internal combustion engine simi-
larly to the oil cooler shown in Figures 1-4 and
10 with one of the nipples 53 connected to the

discharge side of the lubricant pump and the
. other to the pipe which leads to bearings of the

engine. . The lubricant discharged from the

pump, of course, flows in parallel through the

tubes §1 (or 52) from the inlet section of the
duct 55 to the duct 50 and, thence, in parallel
through the tubes 52 (or 51) into the outlet sec-
tion of the duct 56. :
The oil cooler shown in Figure 13 differs mate-

rially from that shown in Figures 8, 9 and 11
. only in that both of the ducts 60 which extend -

through the tubes 61 are located near one end

of the tubes, that there are in each tube two
corrugated plates 62 wkich are disposed end to

end crosswise of the tube and that between the

. ‘st'ram ‘on the flanges. .

corrugated plates in each tube there is Inter-
posed a baffle 63 which extends from the end of
the tube near which the ducts 60 are located to
a point near but at a distance from the opposite
end of the tube. The bafle 63, of course, causes
the oil which enters each tube 61 through the
{nlet duct 60 to follow the circuitous path in-

3

dicated by the arrows in order to reach the out-- .

let duct .60. : .

The oil cooler shown in Figure 14 differs mate-
riaily from. that shown in Figures 8,9 and 11
only in that the oil inlet and outlet ducts. 10
are locsted farther from the ends of the tubes
11, that there are in each' tube two corrugated
plates 72 which are disposed end to end cross-
wise of the tubes and that between the corru-
gated plate in .each tube there is interposed a
baffie .13 which extends from near -one end to.
near the opposite end of the tube around one
side of the oil ‘inlet duct 70 and the other side

15

20

of the oil outlet-duct 70. The bafile 13, of course,. .

_eauses the oil which enters each tube from the

oil inlet duct 70 to follow the circuitous path in-
dicated by the arrows to reach the oil outlet
duct 70. _ . :

‘We claim: : ] o

1. In a heat exchanger, a flat tube, a palr of
corrugated sheets disposed end fo end between
the side walls of the tube, and a baffle interposed
petween the adjacent ends of the corrugated
sheets. . . C

2. In a heat exchanger, a case which includes
a body and cover, a core which includes & flat
tube disposed within the body, the tube having
inlet and outlet openings in one of its side walls
and a flat mounting plate in which there are.
provided ‘inlet and outlet openings bonded as a

unit to the mentioned side wall -of the tube

with the inlet and outlet openings theréin in
registration, respectively, with the inlet and out-
let openings in the tube, the cover having in it

. inlet and outlet openings ‘which register, respec-

tively, with the inlet and outlet openings in the
plate and being separately secured to the plate
and the body.

30
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3. In a heat exchanger, cooperating - plates

spaced apart to define a fluid passage, a palr of
manifold fluid distributor sheets disposed end to
end in the fluid passage beétween the specified
plates, and a bafile interposed between the ad-
jacent ends of the sheets. ‘

50

4. In a heat exchanger, a flat tube, a pair of -

corrugated sheets disposed end to end between the
side walls of the tube, and a baffle interposed be-
tween the adjacent ends of the corrugated sheets

55

with an angularly disposed end projecting into |

one of the corrugations. :
5. In & heat exchanger, & pair of tubes, an
orifice encircled by & flange in a wall of one of

‘the tubes, an orifice encircled by a flange Ina

wall of another of the tubes, and a tubular ele-
ment which is closed between its ends telescoped
around the mentioned flanges and connected to
both tubes to space the tubes apart and relieve

WALTER R. RAMSAUR.
CHARLES J. O'BRIEN,
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