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OIL COOLER FORTRANSMISSION 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates generally to transmis 
sion oil coolers and, more particularly, to a transmission oil 
cooler which enhances the heat exchange efficiency and has 
enhanced assembly performance. 
0003 2. Description of the Related Art 
0004 Transmissions for vehicles convert the unidirec 
tional rotating force of engines into the drive force of the 
vehicles. Transmissions are indispensable to changing the 
driving directions of vehicles, for example, between forward 
movement and backward movement, or to controlling the 
speed of the vehicles. Transmissions are classified into a 
variety of types, for example, a manual transmission, an auto 
matic transmission, a continuously variable transmission 
(CVT), etc. 
0005 Such a transmission includes therein a plurality of 
operating elements, such as gears, etc. Transmission oil cir 
culates in the transmission to lubricate or clean these operat 
ing elements. When the transmission is operated, the trans 
mission oil is heated by heat transferred from the elements. 
Thus, the viscosity of the transmission oil is markedly 
reduced, resulting in a loss of the inherent function. There 
fore, an oil cooler is generally used to cool the transmission 
oil. 
0006 Typically, the oil cooler is located in a radiator and is 
thus cooled by radiator coolant. 
0007. The oil cooler included in the radiator is constructed 
Such that heat exchange tubes are stacked one on top of 
another. The heat exchange tubes form oil paths through 
which oil passes. Each heat exchange tube comprises a pair of 
plates. The plates are coupled to each other by brazing the 
perimeters thereof, thus forming the oil path between the 
plates. Furthermore, the stacked heat exchange tubes are 
spaced apart from each other at regular intervals so that a 
coolant path is formed between the heat exchange tubes. 
0008 Each heat exchange tube has an inlet port and an 
outlet port on the respective opposite ends thereof. The oil 
paths of the heat exchange tubes communicate with each 
other using the inlet ports and the outlet ports. 
0009. However, in the conventional oil cooler, the cross 
sectional areas of the coolant path and the oil path are com 
paratively small, thus deteriorating the heat exchange effi 
ciency of the oil cooler. 
0010 Furthermore, with regard to the assembly of the heat 
exchange tubes, because the assemblability and sealability 
between the inlet ports and the outlet ports of the heat 
exchange tubes are comparatively low, the leakage of oil or 
coolant may take place after the assembly of the heat 
exchange tubes has been completed. 

SUMMARY OF THE INVENTION 

0011. Accordingly, the present invention has been made 
keeping in mind the above problems occurring in the prior art, 
and an object of the present invention is to provide a trans 
mission oil cooler which enhances the heat exchange effi 
ciency and has enhanced assemblability. 
0012. In order to accomplish the above object, the present 
invention provides a transmission oil cooler, including a plu 
rality of heat exchange tubes stacked one on top of another. A 
coolant path is formed between the heat exchange tubes so 
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that a coolant passes along the coolant path. Each of the heat 
exchange tubes comprises an upper plate and a lower plate 
coupled to each other by bonding perimeters thereof to each 
other. The heat exchange tube has an oil path along which oil 
passes. A plurality of recesses is formed in each of facing 
surfaces of the upper and lower plates. The recesses of the 
upper plate cross over the recesses of the lower plate, thus 
forming a cross structure of the oil path. A plurality of ridges 
and a plurality of Valleys are continuously and alternately 
formed on each of an upper Surface of the upper plate and a 
lower surface of the lowerplate. The ridges and valleys extend 
parallel to each other in a diagonal direction. Each of the heat 
exchange tubes has, on opposite ends thereof, an inlet port 
through which the oil is drawn into the heat exchange tube, 
and an outlet port through which the oil is discharged out of 
the heat exchange tube. The oil paths of the heat exchange 
tubes communicate with each other through the inlet ports 
and the outlet ports. The upper plate comprises an upper 
flange provided around each of the inlet port and the outlet 
port, the upper flange protruding upwards from the upper 
Surface of the upper plate, and the lower plate comprises a 
lower flange provided around each of the inlet port and the 
outlet port, the lower flange protruding downwards from the 
lower surface of the lower plate. Protrusions are discontinu 
ously or continuously formed along the ridges on the upper 
and lower plates. 
0013 The upper flange and the lower flanges of the adja 
cent heat exchange tubes may be coupled to each other by 
fitting. 
0014. At least one of the upper and lower flanges may be 
tapered inwards on an end thereof. 
0015 The protrusions may comprise a plurality of upper 
pin-shaped protrusions provided on the corresponding ridges 
of the upper plates, and a plurality of lower pin-shaped pro 
trusions provided on the corresponding ridges of the lower 
plates. The upper pin-shaped protrusions and the lower pin 
shaped protrusions of the adjacent heat exchange tubes may 
be in contact with each other. 
0016. The upper pin-shaped protrusions may be arranged 
on an upper Surface of each of the corresponding ridges of the 
upper plate at positions spaced apart from each other at regu 
lar intervals. The lower pin-shaped protrusions may be 
arranged on a lower Surface of each of the corresponding 
ridges of the lower plate at positions spaced apart from each 
other at regular intervals. 
0017. The upper pin-shaped protrusions and the lowerpin 
shaped protrusions may be disposed at positions at which the 
recesses of the upper plate cross over the recesses of the lower 
plate. 
0018. Each of the upper pin-shaped protrusions may have 
a contact surface on an upper Surface thereof, and each of the 
lower pin-shaped protrusions may have a contact Surface on a 
lower surface thereof. 

0019. Furthermore, a cross-section of each of the upper 
and lower pin-shaped protrusions may have one shape 
selected from a trapezoidal shape, a round shape and a rect 
angular shape. 
0020. The protrusions may comprise a plurality of bar 
shaped protrusions provided between the ridges of the upper 
and lower plates. Each of the bar-shaped protrusions extends 
in a longitudinal direction of the ridges. A height of each of 
the bar-shaped protrusions may be greater thana height of the 
ridges, and the bar-shaped protrusions of the adjacent heat 
exchange tubes may be in contact with each other. 
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0021. The recesses formed in the facing surfaces of the 
upper and lower plates may comprise a plurality of first 
recesses formed at sides opposite to the respective ridges, and 
a plurality of second recesses formed at sides opposite to the 
respective bar-shaped protrusions. 
0022. Each of the bar-shaped protrusions of the upper 
plate may have a contact Surface on an upper Surface thereof, 
and each of the bar-shaped protrusions of the lowerplate may 
have a contact Surface on a lower Surface thereof. 
0023. A cross-section of each of the bar-shaped protru 
sions of the upper and lower plates may have one shape 
selected from a trapezoidal shape, a round shape and a rect 
angular shape. 
0024. A positioning depression and a positioning protru 
sion may be respectively formed at predetermined positions 
corresponding to each other on portions at which the upper 
plate is in contact with the lower plate. 
0025. In a transmission oil cooler according to the present 
invention, upper and lower flanges are provided around inlet 
and outlet ports of upper and lower plates of each heat 
exchange tube. Thus, the assemblability and sealability 
between the inlet ports and the outlet ports can be enhanced. 
Thereby, after the assembly of the heat exchange tubes has 
been completed, oil or coolant can be prevented from leaking 
from the heat exchange tubes. 
0026. Furthermore, the cross-sectional area of the coolant 
path is increased by widening the interval between the heat 
exchange tubes, thus enhancing the heat exchange efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. The above and other objects, features and advan 
tages of the present invention will be more clearly understood 
from the following detailed description taken in conjunction 
with the accompanying drawings, in which: 
0028 FIG. 1 is a perspective view showing a transmission 

oil cooler, according to a first embodiment of the present 
invention; 
0029 FIG. 2 is a partially-broken perspective view of the 
transmission oil cooler taken along the longitudinal direction 
according to the first embodiment of the present invention; 
0030 FIG. 3 is an exploded perspective view showing an 
upper plate and a lower plate of a heat exchange tube accord 
ing to the first embodiment of the present invention; 
0031 FIG. 4 is a partially-broken perspective view of the 
transmission oil cooler taken along the longitudinal and trans 
verse directions according to the first embodiment of the 
present invention; 
0032 FIG.5 is a side sectional view of the transmission oil 
cooler according to the first embodiment of the present inven 
tion; 
0033 FIG. 6 is a front sectional view of the transmission 
oil cooler according to the first embodiment of the present 
invention; 
0034 FIG. 7 is a front sectional view of a modification of 
the transmission oil cooler of FIG. 6; 
0035 FIG. 8 is an exploded front sectional view of a 
modification of the transmission oil cooler of FIG. 7: 
0036 FIG. 9 is a partially-broken perspective view of a 
transmission oil cooler taken along the longitudinal direction 
according to the second embodiment of the present invention; 
0037 FIG. 10 is an exploded perspective view showing an 
upper plate and a lower plate of a heat exchange tube accord 
ing to the second embodiment of the present invention; 
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0038 FIG. 11 is a partially-broken perspective view of the 
transmission oil cooler taken along the longitudinal and trans 
verse directions according to the second embodiment of the 
present invention; 
0039 FIG. 12 is a side sectional view of the transmission 
oil cooler according to the second embodiment of the present 
invention; 
0040 FIG. 13 is a front sectional view of the transmission 
oil cooler according to the second embodiment of the present 
invention; 
0041 FIG. 14 is a front sectional view of a modification of 
the transmission oil cooler of FIG. 13; and 
0042 FIG. 15 is an exploded front sectional view of a 
modification of the transmission oil cooler of FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0043. Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to the 
attached drawings. 
0044 FIGS. 1 through 8 illustrate a transmission oil 
cooler, according to a first embodiment of the present inven 
tion. 
0045. As shown in the drawings, the transmission oil 
cooler of the present invention includes a plurality of heat 
exchange tubes 10 which are stacked one on top of another. 
0046. As shown in FIG. 2, each heat exchange tube 10 has 
an oil path 15 along which oil passes. The heat exchange tube 
10 comprises an upperplate 11 and a lowerplate 12 which are 
coupled to each other. It is desirable that the upper plate 11 
and the lowerplate 12 be coupled to each other by bonding the 
perimeters 11a and 12a thereof to each other. 
0047. The upper plate 11 and the lower plate 12 are made 
of metal. Such as aluminum, etc., which has Superior heat 
conductivity. The perimeters lla and 12a of the upper and 
lower plates 11 and 12 are bonded to each other by brazing or 
the like. 
0048. As shown in FIGS. 2 and 3, ridges 16 and valleys 18 
are continuously and alternately formed on the upper Surface 
of the upper plate 11. Ridges 17 and valleys 19 are continu 
ously and alternately formed on the lower surface of the lower 
plate 12. The ridges 16 and the valleys 18 extend parallel to 
each other in a diagonal direction of the upper plate 11. The 
ridges 17 and the valleys 19 also extend parallel to each other 
in a diagonal direction of the lowerplate12. The ridges 16 and 
the valleys 18 of the upper plate 11 cross over the ridges 17 
and the valleys 19 of the lower plate 12. 
0049. A plurality of recesses 11b and 12b are formed in the 
facing surfaces of the upper and lower plates 11 and 12 by the 
ridges 16 and 17 and the valley 18 and 19. The recesses 11b 
and 12b are respectively formed at sides opposite to the ridges 
16 and 17. Thus, the recesses 11b of the upper plate 11 also 
cross over the recesses 12b of the lower plate 12. In addition, 
the recesses 11b extend parallel to each other in the diagonal 
direction of the upper plate 11, and the recesses 12b also 
extend parallel to each other in the diagonal direction of the 
lowerplate 12. The ridges 16 and 17, the valleys 18 and 19 and 
the recesses 11b and 12b may be formed in the upper and 
lower plates 11 and 12 by a molding or embossing process. 
0050. As such, in the present invention, the oil path 15 
forms a cross structure because the recesses 11b and 12b of 
the upper and lower plates 11 and 12 cross over each other. 
Thus, oil can flow in a ZigZag manner along the oil path 15. 
Thereby, the capacity to treat flowing oil can be increased, 
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and the heat exchange efficiency between oil and coolant can 
be enhanced by increasing the contact area of oil. 
0051. Furthermore, a coolant path 28 along which radiator 
coolant passes is formed between the adjacent heat exchange 
tubes 10 which are stacked one on top of the other. The 
coolant path 28 is formed by spacing the heat exchange tubes 
10 apart from each other by a predetermined distance. 
0052. In the present invention, protrusions 21 and 22 are 
provided on opposite sides of each heat exchange tube 10 to 
increase and maintain the distance by which the adjacent heat 
exchange tubes 10 are spaced apart from each other. 
0053. Thanks to the protrusions 21 and 22, the cross 
sectional area of the coolant path 28 can be increased without 
reducing the cross-sectional area of the oil path 15. In the first 
embodiment, the protrusions 21 and 22 are discontinuously 
formed along the longitudinal directions of the ridges 16 and 
17, respectively. 
0054. In detail, the protrusions 21 and 22 according to the 

first embodiment comprise upper pin-shaped protrusions 21 
which protrude from the upper surface of the upper plate 11, 
and lowerpin-shaped protrusions 22 which protrude from the 
lower surface of the lower plate 12. Particularly, the upper 
pin-shaped protrusions 21 are formed on the upper Surface of 
the ridges 16 of the upper plate 11 and are spaced apart from 
each other at regular intervals. The lower pin-shaped protru 
sions 22 are formed on the lower surface of the ridges 17 of 
the lower plate 12 and are spaced apart from each other at 
regular intervals. In other words, the upper pin-shaped pro 
trusions 21 and the lower pin-shaped protrusions 22 are dis 
continuously formed on the ridges 16 and 17, respectively. 
0055. The lower pin-shaped protrusions 22 of the heat 
exchange tube 10 which is disposed at the upper position 
come into contact with the respective upper pin-shaped pro 
trusions 21 of the heat exchange tube 10 which is disposed at 
the lower position. As such, because the pin-shaped protru 
sions 21 and 22 are brought into contact with each other and 
thus supported by each other, the distance by which the adja 
cent heat exchange tubes 10 are spaced apart from each other 
can be increased and maintained. Thereby, the cross-sectional 
area of the coolant path 28 is increased. Furthermore, the 
pin-shaped protrusions 21 and 22 which come into contact 
with each other are bonded to each other by welding or the 
like. Contact surfaces 21a and 22a are respectively formed on 
the upper Surfaces of the upper pin-shaped protrusions 21 and 
the lower surfaces of the lower pin-shaped protrusions 22. 
The bonding of the pin-shaped protrusions 21 and 22 can be 
facilitated by contact between the contact surfaces 21a and 
22a. 

0056. The cross-section of each of the upper and lower 
pin-shaped protrusions 21 and 22 may have a trapezoidal 
shape, a rectangular shape, or a round shape. Such as an 
elliptical or circular shape. Furthermore, in the case where the 
pin-shaped protrusions 21 and 22 have trapezoidal or rectan 
gular shapes, the bonding of the contact Surfaces 21a and 22a 
of the pin-shaped protrusions 21 and 22 can be further facili 
tated. 

0057. As shown in FIG. 6, it is desirable that a heighth 1 of 
each of the upper and lower plates 11 and 12 including the 
ridges 16 and 17 and the upper and lower pin-shaped protru 
sions 21 and 22 be less than twice a heighth2 of each ridge 16, 
17. 
0058. In addition, the upper pin-shaped protrusions 21 and 
the lower pin-shaped protrusions 22 are disposed at positions 
at which the recesses 11b of the upper plate 11 cross over the 
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recesses 12b of the lower plate 12, thus making the stacked 
structure of the heat exchange tubes 10 more stable. 
0059. Furthermore, a positioning depression 11c and a 
positioning protrusion 12c are respectively formed at corre 
sponding predetermined positions on the perimeters lla and 
12a of the upper plate 11 and the lower plate 12. Positioning 
of the upper and lower plates 11 and 12 to each other can be 
facilitated by the positioning depression 11c and protrusions 
12c. Therefore, operation of temporarily coupling the upper 
plate 11 to the lower plate 12 can be easily and rapidly 
conducted. Thereby, the coupling between the upper and 
lower plates 11 and 12 can become precise and reliable. 
0060 Relatedly, each heat exchange tube 10 has an inlet 
port 13 formed in a first end thereof and an outlet port 14 
formed in a second end thereof. The inlet port 13 and the 
outlet port 14 communicate with the oil path 15. Furthermore, 
the inlet ports 13 of the heat exchange tubes 10 communicate 
with each other, and the outlet ports 14 of the heat exchange 
tubes 10 also communicate with each other. 
0061 The upper plate 11 includes an upper flange 23 
which is provided around each of the inlet port 13 and the 
outlet port 14 and protrudes upwards from the upper Surface 
of the upper plate 11. The lower plate 12 includes a lower 
flange 24 which is provided around each of the inlet port 13 
and the outlet port 14 of the lower plate 12 and protrudes 
downwards from the lower surface of the lower plate 12. The 
upper flange 23 and the lower flange 24 are designed such that 
they are coupled to each otherina fitting manner. In detail, the 
upper flanges 23 of the heat exchange tube 10 which is dis 
posed at the lower position are fitted into the corresponding 
lower flanges 24 of the heat exchange tube 10 which is dis 
posed at the upper position, thus enhancing the sealability 
therebetween. Moreover, the upper flanges 23 and the lower 
flanges 24 that are coupled to each other can be more reliably 
sealed by brazing. Thereby, the inlet ports 13 and the outlet 
ports 14 of the heat exchange tube 10 are sealed off from the 
coolant path 28. 
0062. Furthermore, an inlet port cap 25 having an inlet 
hole 25a is coupled to the upper flange 23 of the uppermost 
heat exchange tube 10 which is related to the inlet port 13. An 
outlet port cap 26 having an outlet hole 26a is coupled to the 
other upper flange 23 of the uppermost heat exchange tube 10 
which is related to the outlet port 14. A stopper 27 is remov 
ably or integrally coupled to each lower flange 24 of the 
lowermost heat exchange tube 10. 
0063. As shown in FIGS. 2, 4, 5, 6 and 7, the circumfer 
ential outer surfaces of the upper flanges 23 may be fitted into 
the circumferential inner Surfaces of the corresponding lower 
flanges 24. Alternatively, as shown in FIG. 8, the circumfer 
ential outer surfaces of the lower flanges 24 may be fitted into 
the circumferential inner Surfaces of the corresponding upper 
flanges 23. 
0064. Meanwhile, as shown in FIG. 7, an upper end 23a of 
the upper flange 23 of each heat exchange tube 10 which is 
fitted into the corresponding lower flange 24 of the corre 
sponding upper heat exchange tube 10 may be tapered 
towards the center axis of the upper flange 23. Alternatively, 
as shown in FIG. 8, in the case where the lower flange 24 of 
each heat exchange tube 10 is fitted into the corresponding 
upper flange 23 of the corresponding lower heat exchange 
tube 10, a lower end 24a of the lowerflange 24 may be tapered 
towards the center axis thereof. 
0065. In other words, among the flanges of each heat 
exchange tube, flanges which are fitted into corresponding 
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flanges of a corresponding adjacent heat exchange tube are 
tapered on the ends 23a, 24a thereof towards the center axes 
thereof. 
0.066. This structure can further enhance the assemblabil 
ity and sealability of the upper and lower flanges 23 and 24. 
0067 FIGS. 9 through 15 illustrate a transmission oil 
cooler, according to a second embodiment of the present 
invention. 
0068. As shown in the drawings, the transmission oil 
cooler according to the second embodiment of the present 
invention includes a plurality of heat exchange tubes 10. The 
heat exchange tubes 10 are stacked one on top of another. 
0069. Each heat exchange tube 10 has an oil path 15 along 
which oil passes. The heat exchange tube 10 comprises an 
upper plate 11 and a lower plate 12 which are coupled to each 
other. The upper plate 11 is coupled to the lower plate 12 in 
such a way that a perimeter 11a of the upper plate 11 is 
bonded to a perimeter 12a of the lower plate 12 by brazing or 
the like. 
0070 The upper plate 11 and the lower plate 12 are made 
of metal. Such as aluminum, etc., which has Superior heat 
conductivity. The perimeters 11a and 12a of the upper and 
lower plates 11 and 12 may be bonded to each other by 
welding. 
(0071. As shown in FIGS. 9 and 10, ridges 16 and valleys 
18 are continuously and alternately formed on the upper 
surface of the upper plate 11. Ridges 17 and valleys 19 are 
continuously and alternately formed on the lower surface of 
the lower plate 12. The ridges 16 and the valleys 18 extend 
parallel to each other in a diagonal direction of the upperplate 
11. The ridges 17 and the valleys 19 also extend parallel to 
each other in a diagonal direction of the lower plate 12. The 
ridges 16 and the valleys 18 of the upper plate 11 cross over 
the ridges 17 and the valleys 19 of the lower plate 12. 
0072 A plurality of first recesses 11b and 12b are formed 
in the facing surfaces of the upper and lower plates 11 and 12 
by the ridges 16 and 17 and the valley 18 and 19. The first 
recesses 11b and 12b are respectively formed at sides oppo 
site the ridges 16 and 17. Thus, the first recesses 11b of the 
upper plate 11 also cross over the first recesses 12b of the 
lower plate 12. In addition, the first recesses 11b extend 
parallel to each other in the diagonal direction of the upper 
plate 11, and the first recesses 12b also extend parallel to each 
other in the diagonal direction of the lower plate 12. The 
ridges 16 and 17, the valleys 18 and 19 and the first recesses 
11b and 12b may be formed in the upper and lower plates 11 
and 12 by a molding or embossing process. 
0073. As such, the oil path 15 forms a cross structure 
because the first recesses 11b and 12b of the upper and lower 
plates 11 and 12 cross over each other. Thus, oil can flow in a 
ZigZag manner along the oil path 15. Thereby, the capacity 
with which flowing oil is treated can be increased, and the 
heat exchange efficiency between oil and coolant can be 
enhanced by increasing contact area of oil. 
0074. Furthermore, a coolant path 28 along which radiator 
coolant passes is formed between the adjacent heat exchange 
tubes 10 which are stacked one on top of the other. The 
coolant path 28 is formed by spacing the heat exchange tubes 
10 apart from each other by a predetermined distance. 
0075. In a manner similar to the first embodiment, protru 
sions 31 and 32 are provided on the opposite sides of each heat 
exchange tube 10 to increase and maintain the distance by 
which the adjacent heat exchange tubes 10 are spaced apart 
from each other. 
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0076 Thanks to the protrusions 31 and 32, the cross 
sectional area of the coolant path 28 can be increased without 
reducing the cross-sectional area of the oil path 15. 
0077. In the second embodiment, the protrusions 31 and 
32 are continuously formed along the longitudinal directions 
of the ridges 16 and 17, respectively. The protrusions 31 and 
32 of the second embodiment comprise bar-shaped protru 
sions 31 and 32, each of which is provided between adjacent 
ridges 16 or 17 and extendalong the longitudinal direction of 
the ridges 16 or 17. 
0078. The bar-shaped protrusions 31 are arranged 
between the ridges 16 at positions spaced apart from each 
other at regular intervals, and the bar-shaped protrusions 32 
are arranged between the ridges 17 at positions spaced apart 
from each other at regular intervals. The bar-shaped protru 
sions 31 and 32 respectively extend parallel to the ridges 16 
and 17. In other words, each bar-shaped protrusion 31, 32 
continuously extends a predetermined length between the 
corresponding ridges 16, 17 and between corresponding Val 
leys 18, 19. Thus, each bar-shaped protrusion 31, 32 also 
extends on a plane in a diagonal direction in the same manner 
as that of the ridges 16, 17. The height of each bar-shaped 
protrusion 31, 32 of the upper or lowerplate 11 or 12 is greater 
than that of each ridge 16, 17. As shown in FIG. 9, it is 
desirable that the height hl of the bar-shaped protrusion 31, 32 
be less than twice the height h2 of each ridge 16, 17. Mean 
while, the ridges 16 and 17 and the bar-shaped protrusions 31 
and 32 may be formed by a molding or embossing process. 
0079. Furthermore, the cross-section of each of the bar 
shaped protrusions 31 and 32 of the upper and lowerplates 11 
and 12 may have a trapezoidal shape, a rectangular shape, or 
around shape. Such as an elliptical or circular shape. Contact 
surfaces 31a and 32a are respectively formed on the upper 
surfaces of the bar-shaped protrusions 31 of the upperplate 11 
and the lower surfaces of the bar-shaped protrusions 32 of the 
lowerplate 12. The bonding of the bar-shaped protrusions and 
32 can be facilitated by the contact between the contact sur 
faces 31a and 32a. Particularly, in the case where the bar 
shaped protrusions 31 and 32 have trapezoidal or rectangular 
shapes, bonding of the contact surfaces 31a and 32a of the 
bar-shaped protrusions 31 and 32 can be further facilitated 
0080. In addition, the bar-shaped protrusions 31 of each 
heat exchange tube 10 which is disposed at an upper position 
cross M over and come into contact with the bar-shaped 
protrusions 32 of the corresponding heat exchange tube 10 
which is disposed at a lower position. Hence, the distance by 
which the adjacent heat exchange tubes 10 are spaced apart 
from each other can be increased and maintained. Thereby, 
the cross-sectional area of the coolant path 28 is increased. 
Furthermore, the bar-shaped protrusions 31 and 32 which 
come into contact with each other are bonded to each other by 
brazing or the like. 
0081. In the second embodiment, second recesses 11d and 
12d are respectively formed in the upper and lower plates 11 
and 12 at sides opposite to the bar-shaped protrusions 31 and 
32. Thus, each second recess 11d, 12d is formed between the 
corresponding first recesses 11b, 12b of the upper or lower 
plate 11 or 12. Each second recess 11d. 12d also extends on 
the plane in the diagonal direction in the same manner as that 
of the first recesses 11b and 12b. Moreover, the depth of each 
second recess 11d. 12d is greater than that of each first recess 
11b, 12b. In the same manner as the first recesses 11b and 12b, 
the second recesses 11d of the upper plate 11 cross over the 
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second recesses 12d of the lower plate 12, so that the cross 
sectional area of the oil path 15 can be increased. 
0082 Meanwhile, a positioning depression 11c and a 
positioning protrusion 12c are respectively formed at corre 
sponding predetermined positions on the perimeters 11a and 
12a of the upper plate 11 and the lower plate 12. Positioning 
of the upper and lower plates 11 and 12 with respect to each 
other can be facilitated by the positioning depression 11c and 
protrusions 12c. Therefore, operation of temporarily cou 
pling the upper plate 11 to the lower plate 12 can be easily and 
rapidly conducted. Thereby, the coupling between the upper 
and lower plates 11 and 12 can become precise and reliable. 
0083. Each heat exchange tube 10 has an inlet port 13 
formed in a first end thereof and an outlet port 14 formed in a 
second end thereof. The inlet port 13 and the outlet port 14 
communicate with the oil path 15. Furthermore, the inlet 
ports 13 of the heat exchange tubes 10 communicate with 
each other, and the outlet ports 14 of the heat exchange tubes 
10 also communicate with each other. 
0084. The upper plate 11 includes an upper flange 23 
which is provided around each of the inlet port 13 and the 
outlet port 14 and protrudes upwards from the upper Surface 
of the upper plate 11. The lower plate 12 includes a lower 
flange 24 which is provided around each of the inlet port 13 
and the outlet port 14 of the lower plate 12 and protrudes 
downwards from the lower surface of the lower plate 12. The 
upper flanges 23 and the lower flanges 24 of the adjacent heat 
exchange tubes 10 are coupled to each other in a fitting 
manner, thus enhancing the sealability therebetween. More 
over, the upper flanges 23 and the lower flanges 24 that are 
coupled to each other can be more reliably sealed by brazing. 
Thereby, the inlet ports 13 and the outlet ports 14 of the heat 
exchange tube 10 are sealed off from the coolant path 28. 
0085. Furthermore, an inlet port cap 25 having an inlet 
hole 25a is coupled to the upper flange 23 of the uppermost 
heat exchange tube 10 which is related to the inlet port 13. An 
outlet port cap 26 having an outlet hole 26a is coupled to the 
other upper flange 23 of the uppermost heat exchange tube 10 
which is related to the outlet port 14. A stopper 27 is remov 
ably or integrally coupled to each lower flange 24 of the 
lowermost heat exchange tube 10. 
0086. As shown in FIGS. 9, 11, 12, 13 and 14, the circum 
ferential outer surfaces of the upper flanges 23 may be fitted 
into the circumferential inner Surfaces of the corresponding 
lower flanges 24. Alternatively, as shown in FIG. 15, the 
circumferential outer surfaces of the lower flanges 24 may be 
fitted into the circumferential inner surfaces of the corre 
sponding upper flanges 23. 
0087 As shown in FIG. 14, an upper end 23a of the upper 
flange 23 of each heat exchange tube 10 which is fitted into the 
corresponding lower flange 24 of the corresponding upper 
heat exchange tube 10 may be tapered towards the center axis 
of the upper flange 23. Alternatively, as shown in FIG. 15, in 
the case where the lower flange 24 of each heat exchange tube 
10 is fitted into the corresponding upper flange 23 of the 
corresponding lower heat exchange tube 10, a lower end 24a 
of the lower flange 24 may be tapered towards the center axis 
thereof. 
0088. In other words, among the flanges of each heat 
exchange tube, flanges which are fitted into corresponding 
flanges of a corresponding adjacent heat exchange tube are 
tapered on the ends 23a, 24a thereof towards the center axes 
thereof. This structure can further enhance the assemblability 
and sealability of the upper and lower flanges 23 and 24. 
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What is claimed is: 
1. A transmission oil cooler, comprising a plurality of heat 

exchange tubes Stacked one on top of another, 
wherein a coolant path is formed between the heat 

exchange tubes so that a coolant passes along the coolant 
path, and each of the heat exchange tubes comprises an 
upper plate and a lower plate coupled to each other by 
bonding perimeters thereof to each other, the heat 
exchange tube having an oil path along which oil passes, 

a plurality of recesses is formed in each of facing Surfaces 
of the upper and lower plates, the recesses of the upper 
plate crossing over the recesses of the lower plate, thus 
forming a cross structure of the oil path, 

a plurality of ridges and a plurality of Valleys are continu 
ously and alternately formed on each of an upper Surface 
of the upper plate and a lower surface of the lower plate, 
the ridges and Valleys extending parallel to each other in 
a diagonal direction, 

each of the heat exchange tubes has, on opposite ends 
thereof, an inlet port through which the oil is drawn into 
the heat exchange tube, and an outlet port through which 
the oil is discharged out of the heat exchange tube, and 
the oil paths of the heat exchange tubes communicate 
with each other through the inlet ports and the outlet 
ports, 

the upper plate comprises an upper flange provided around 
each of the inlet port and the outlet port, the upper flange 
protruding upwards from the upper Surface of the upper 
plate, and the lower plate comprises a lower flange pro 
vided around each of the inlet port and the outlet port, the 
lower flange protruding downwards from the lower Sur 
face of the lower plate, and 

protrusions are discontinuously or continuously formed 
along the ridges on the upper and lower plates. 

2. The transmission oil cooler as set forth in claim 1, 
wherein the upper flange and the lower flanges of the adjacent 
heat exchange tubes are coupled to each other by fitting. 

3. The transmission oil cooler as set forth in claim 2, 
wherein at least one of the upper and lower flanges is tapered 
inwards on an end thereof. 

4. The transmission oil cooler as set forth in claim 1, 
wherein the protrusions comprise a plurality of upper pin 
shaped protrusions provided on the corresponding ridges of 
the upper plates, and a plurality of lower pin-shaped protru 
sions provided on the corresponding ridges of the lower 
plates, and the upper pin-shaped protrusions and the lower 
pin-shaped protrusions of the adjacent heat exchange tubes 
are in contact with each other. 

5. The transmission oil cooler as set forth in claim 4, 
wherein the upper pin-shaped protrusions are arranged on an 
upper Surface of each of the corresponding ridges of the upper 
plate at positions spaced apart from each other at regular 
intervals, and the lower pin-shaped protrusions are arranged 
on a lower Surface of each of the corresponding ridges of the 
lower plate at positions spaced apart from each other at regu 
lar intervals. 

6. The transmission oil cooler as set forth in claim 4, 
wherein the upper pin-shaped protrusions and the lower pin 
shaped protrusions are disposed at positions at which the 
recesses of the upper plate cross over the recesses of the lower 
plate. 

7. The transmission oil cooler as set forth in claim 4, 
wherein each of the upper pin-shaped protrusions has a con 
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tact Surface on an upper Surface thereof, and each of the lower 
pin-shaped protrusions has a contact Surface on a lower Sur 
face thereof. 

8. The transmission oil cooler as set forth in claim 4, 
wherein a cross-section of each of the upper and lower pin 
shaped protrusions has one shape selected from a trapezoidal 
shape, a round shape and a rectangular shape. 

9. The transmission oil cooler as set forth in claim 1, 
wherein the protrusions comprise a plurality of bar-shaped 
protrusions provided between the ridges of the upper and 
lower plates, each of the bar-shaped protrusions extending in 
alongitudinal direction of the ridges, wherein a height of each 
of the bar-shaped protrusions is greater than a height of the 
ridges, and the bar-shaped protrusions of the adjacent heat 
exchange tubes are in contact with each other. 

10. The transmission oil cooler as set forth in claim 9, 
wherein the recesses formed in the facing surfaces of the 
upper and lower plates comprise a plurality of first recesses 
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formed at sides opposite to the respective ridges, and a plu 
rality of second recesses formed at sides opposite to the 
respective bar-shaped protrusions. 

11. The transmission oil cooler as set forth in claim 9, 
wherein each of the bar-shaped protrusions of the upper plate 
has a contact Surface on an upper Surface thereof, and each of 
the bar-shaped protrusions of the lower plate has a contact 
surface on a lower surface thereof. 

12. The transmission oil cooler as set forth in claim 9, 
wherein a cross-section of each of the bar-shaped protrusions 
of the upper and lower plates has one shape selected from a 
trapezoidal shape, a round shape and a rectangular shape. 

13. The transmission oil cooler as set forth in claim 1, 
whereina positioning depression and a positioning protrusion 
are respectively formed at predetermined positions corre 
sponding to each other on portions at which the upperplate is 
in contact with the lower plate. 
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