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AIR COOLER CORE (57) ABSTRACT 

(71) Applicant: Ford Global Technologies, LLC, A resonant charge air cooler is provided having internal struc 
Dearborn, MI (US) tures for producing Vortexes in the air flow, thus inducing 

s turbulence and increasing heat transfer efficiency. The air 
cooler includes an inlet tank, an outlet tank and a plurality of 

(72) Inventor: Ms am Mehravaran, Oak Park, MI tubes fluidly connecting the inlet and outlet tanks. The tubes 
include Vortex-inducing structures such as dimples or 
grooves formed on their interior Surfaces. A Vortex-inducing 

21) Appl. No.: 14/527,943 structure Such as wire mesh formed from a long wire, a wire pp 9. 
grid or parallel wires on a frame is included in the inlet tank. 

1-1. By changing the geometry of the internal structures, turbulent 
(22) Filed: Oct. 30, 2014 eddies are created at very small length scales. Adjustment of 

the geometries results in Vortexes that have almost the same 
Publication Classification size as those produced by the Surface dimples or grooves 

formed on the walls of the tubes connecting the inlet and 
51) Int. Cl. outlet tanks, whereby a resonance behavior occurs and heat 

F28F 3/12 (2006.01) transfer increases. 
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0019 FIG.5 is a plan view of a frame having parallel wires 
positioned diagonally relative to the long axis of the frame 
that may alternatively be fitted to the second embodiment of 
the resonant charge air cooler according to the disclosed 
inventive concept. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0020. In the following figures, the same reference numer 
als will be used to refer to the same components. In the 
following description, various operating parameters and 
components are described for different constructed embodi 
ments. These specific parameters and components are 
included as examples and are not meant to be limiting. 
0021. The resonant charge air cooler of the disclosed 
inventive concept is illustrated in its various embodiments in 
FIGS. 1 through 5. However, it is to be understood that the 
illustrated embodiments are suggestive and are not intended 
as being limiting. 
0022 Referring to FIG. 1, a plan view of a resonant charge 
air cooler, generally illustrated as 10, is shown. The resonant 
charge air cooler 10 includes an inlet tank 12 having an inlet 
14 and an inlet tank body 16. The inlet tank 12 may be made 
from any one of several materials, including a polymerized 
material (such as polypropylene or polyamide) or a metal or 
a combination of the two. 
0023 Perpendicular to and extending from the inlet tank 
body 16 and fluidly connected thereto are a plurality of cool 
ant tubes 18. The number, shape and placement of the tubes 
18 may be other than as illustrated. 
0024. The resonant charge air cooler 10 further includes 
an outlet tank 20 having an outlet 22 and an outlet tank body 
24. Like the inlet tank12, the outlet tank 20 may be made from 
any one of several materials, including a polymerized mate 
rial or a metal or a combination of the two. 
0025 Brackets are preferably attached to the resonant 
charge air cooler 10 for fixing the resonant charge air cooler 
10 to the heat exchanger (not shown), to a structure in the 
vehicle's engine compartment, or to both. A first set of brack 
ets 26 and 26' and a second set of brackets 28 and 28' are 
preferably provided. The shape, placement and number of 
brackets may be varied beyond the illustrated brackets 26, 26'. 
28 and 28. 
0026. To create the appropriate vortex in the coolant tubes 
18, the inner surfaces of the tubes 18 have structures formed 
thereon. The inner surfaces may be dimpled or grooved or 
may have another Vortex-inducing structure formed thereon. 
FIGS. 1A and 1B illustrate two non-limiting examples of 
Such structures. 
0027. Referring to FIG. 1A, a tube 18 is shown in partial 
cross-section. The tube 18 includes an interior surface 30. 
Formed on the interior surface 30 of the tube 18 are raised 
dimples 32. The shape, number and placement of the raised 
dimples 32 may each be varied other than as illustrated. 
0028 Vortex-initiating alternatives for the interior surface 
30 of the tube 18 other than the raised dimples 32 shown in 
FIG. 1A are available. Instead of raised dimples 32, a series of 
grooves 34 may be formed in the interior surface 30. The 
grooves 34 may be perpendicular to the long axis of the tube 
18 as illustrated or may be axially formed. 
0029 While the raised dimples 32 and the grooves 34 are 
provided to create vortices within the tube 18, an additional 
Vortex-initiating structure is provided in relation to the 
inflowing air. Particularly, and referring to FIG. 1, one or 
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more randomly-arranged wires 36 are “squeezed' into the 
inlet tank 12, thereby creating turbulence in the incoming air 
as it passes between the inlet 14 and the tubes 18. The ran 
domly-arranged wires 36 may be made from a variety of 
materials and may be made in a variety of lengths and thick 

SSS. 

0030 The geometries of the raised dimples 32 and/or 
grooves 34 as well as the geometries of the randomly-ar 
ranged wires 36 may be modified in the resonant charge air 
cooler 10 to achieve maximum cooling within a minimal 
space. For example, the size, number and spacing of the raised 
dimples 32 and the number, depth and placement of the 
grooves 34 may be modified. In addition, the thickness, num 
ber, length and spacing of the randomly-arranged wires 36 
may be modified. By adjusting these geometries, an optimum 
resonance behavior may be generated within the resonant 
charge air cooler 10 to thereby maximize heat transfer. 
0031 While FIG. 1 illustrates the use of the randomly 
arranged wires 36 as a method for inducing Vortices within 
the stream of incoming air as it passes through the inlet tank 
12, other structures for inducing Vortices within the incoming 
air are possible. A non-limiting example of Such a structure is 
illustrated in FIGS. 2 and 3. 
0032 Referring to FIG. 2, a plan view of a resonant charge 
air cooler according to an alternate embodiment, generally 
illustrated as 40, is shown. The resonant charge air cooler 40 
includes an inlet tank 42 having an inlet 44 and an inlet tank 
body 46. The inlet tank 12 may be made from any one of 
several materials, including a polymerized material or a metal 
or a combination of the two. 
0033 Perpendicular to and extending from the inlet tank 
body 46 and fluidly connected thereto are a plurality of cool 
ant tubes 48. The number, shape and placement of the tubes 
18 may be other than as illustrated. Like the coolant tubes 18 
shown in FIGS. 1A and 1B, the interior surfaces of the coolant 
tubes 48 have Vortex-inducing structures such as raised 
dimples, grooves, or both formed thereon. 
0034. The resonant charge air cooler 40 further includes 
an outlet tank 50 having an outlet tank body 52 and an outlet 
54. Like the inlet tank 42, the outlet tank 50 may be made from 
any one of several materials, including a polymerized mate 
rial or a metal or a combination of the two. 
0035 Brackets are preferably attached to the resonant 
charge air cooler 40 for fixing the resonant charge air cooler 
40 to the heat exchanger (not shown), to a structure in the 
vehicle's engine compartment, or to both. A first set of brack 
ets 56 and 56' and a second set of brackets 58 and 58' are 
preferably provided. The shape, placement and number of 
brackets may be varied beyond the illustrated brackets 56,56', 
58 and 58. 
0036. To induce the appropriate vortex within the inlet 
tank 42, a wire grid 60 is fitted to an inner wall 62 of the inlet 
tank 42 to which the tubes 48 are fluidly connected. An 
exemplary version of the wire grid 60 is shown in FIG.3. The 
wire grid 60 includes a plurality of individual wires 64 posi 
tioned in a first direction and a plurality of individual wires 66 
positioned in a second direction such that the wires 64 and 66 
are interwoven and thus interconnect. 

0037. As with the first embodiment of the resonant charge 
air cooler of the disclosed inventive concept illustrated in 
FIG. 1 and discussed in relation thereto, the geometries of the 
raised dimples 32 and/or grooves 34 as well as the geometries 
of the wire grid 60 may be modified in the resonant charge air 
cooler 40 to achieve maximum cooling within a minimal 
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space. Again, as noted above, the size, number and spacing of 
the raised dimples 32 and the number, depth and placement of 
the grooves 34 may be modified. In addition, the thickness, 
number, length and spacing of the individual wires 64 and 66 
may be modified. By adjusting these geometries, an optimum 
resonance behavior may be generated within the resonant 
charge air cooler 40 to thereby maximize heat transfer. 
0038 Structures alternative to the wire grid 60 may be 
used in conjunction with the resonant charge air cooler of the 
disclosed inventive concept illustrated in FIG. 2. One such 
alternative structure is illustrated in FIG. 4 in which a turbu 
lence-inducing structure 70 is illustrated in plan view. The 
turbulence-inducing structure 70 includes a frame 72 having 
a series of parallel wires 74 attached thereto. It is to be 
understood that while the parallel wires 74 are illustrated as 
being positioned parallel to the long axis of the frame 72, the 
parallel wires 74 may be positioned perpendicular to the long 
axis of the frame 72. 
0039. As a variation of the turbulence-inducing structure 
70 shown in FIG. 4, a turbulence-inducing structure 80 is 
illustrated in FIG.5. The turbulence-inducing structure 80 has 
a frame 82 with wires 84 positioned diagonally with respect to 
the long axis of the frame 82 may be used. 
0040. The thicknesses of the wires 74 and 84 and the 
spacing between the wires 74 and 84 may be varied from the 
illustrations of FIGS. 4 and 5 respectively. Adjustment of 
Such variables may again be made to generate optimum reso 
nance behavior, thereby maximizing heat transfer. 
0041. The resonant charge air cooler of the disclosed 
inventive concept in its various embodiment overcomes the 
problems of known systems by providing maximum heat 
exchange in a minimum amount of space. It is to be under 
stood that the resonant system disclosed herein has been 
discussed in relation to charge air coolers, the use of Vortex 
inducing structures in relation to the inlet tank and the tubes 
may be applied as well to other heat exchangers, including 
without limitation condensors, transmission coolers, and 
radiators. 
0042. While the preferred embodiments of the disclosed 
inventive concept have been discussed are shown in the 
accompanying drawings and are set forth in the associated 
description, one skilled in the art will readily recognize from 
Such discussion, and from the accompanying drawings and 
claims that various changes, modifications and variations can 
be made therein without departing from the true spirit and fair 
scope of the invention as defined by the following claims. 
What is claimed is: 
1. A heat exchanger comprising: 
an inlet tank having an inlet; 
a Vortex-inducing structure fitted within said inlet tank; 
an outlet tank having an outlet; 
a tube fluidly connecting said inlet tank and said outlet 

tank, said tube including an interior Surface; and 
a Vortex-inducing structure formed on said interior Surface 

of said tube. 
2. The heat exchanger of claim 1 wherein said vortex 

inducing structure fitted within said inlet tank is a wire. 
3. The heat exchanger of claim 2 wherein said wire com 

prises a plurality of randomly-arranged wires. 
4. The heat exchanger of claim 2 wherein said wire com 

prises a wire grid. 
5. The heat exchanger of claim 4 wherein said wire grid is 

formed by a plurality of intersecting wires. 
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6. The heat exchanger of claim 1 wherein said wire com 
prises parallel wires positioned on a frame. 

7. The heat exchanger of claim 1 wherein said vortex 
inducing structure formed on said interior Surface of said tube 
is a plurality of raised dimples. 

8. The heat exchanger of claim 1 wherein said vortex 
inducing structure formed on said interior Surface of said tube 
is a plurality of grooves. 

9. The heat exchanger of claim 1 wherein said vortex 
inducing structure formed on said interior Surface of said tube 
is a combination of a plurality of raised dimples and a plural 
ity of grooves. 

10. A heat exchanger comprising: 
an inlet tank; 
an inlet Vortex-inducing structure fitted within said tank, 

said inlet Vortex-inducing structure being selected from 
the group consisting of randomly-arranged wires, inter 
secting wires, and parallel wires; 

an outlet tank; 
a tube fluidly connecting said inlet and outlet tanks, said 

tube including an interior Surface; and 
a tube Vortex-inducing structure formed on said interior 

Surface, said tube Vortex-inducing structure being 
Selected from the group consisting of dimples and 
grooves. 

11. The heat exchanger of claim 10 wherein said wire grid 
is formed by a plurality of intersecting wires. 

12. The heat exchanger of claim 10 wherein said vortex 
inducing structure formed on said interior surface of said tube 
is a combination of said randomly-arranged wires and said 
wire grid. 

13. The heat exchanger of claim 10 wherein said vortex 
inducing structure formed on said interior Surface of said tube 
is a combination of said dimples and a said grooves. 

14. A method for cooling fluid in an internal combustion 
engine comprising: 

forming a heat exchanger having an inlet tank, a Vortex 
inducing structure fitted within said tank, an outlet tank, 
a tube fluidly connecting said inlet and outlet tanks, said 
tube including an interior Surface, said interior Surface 
having a Vortex-inducing structure formed thereon; and 

adjusting the geometries of said Vortex-inducing structures 
to obtain a preferred resonance within said heat 
exchanger when coolant flows therethrough. 

15. The method for cooling fluid of claim 14 wherein said 
Vortex-inducing structure fitted within said inlet tank is a 
wire. 

16. The method for cooling fluid of claim 15 wherein said 
wherein said wire comprises a plurality of randomly-ar 

ranged wires. 
17. The method for cooling fluid of claim 15 wherein said 

wire comprises a wire grid defined by a plurality of intersect 
ing wires. 

18. The method for cooling fluid of claim 15 wherein said 
wire comprises parallel wires positioned on a frame. 

19. The method for cooling fluid of claim 14 wherein said 
Vortex-inducing structure formed on said interior Surface of 
said tube is a plurality of raised dimples. 

20. The method for cooling fluid of claim 14 wherein said 
Vortex-inducing structure formed on said interior Surface of 
said tube is a plurality of grooves. 
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