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(57) ABSTRACT 

A dog-bone type heat eXchanger having a plurality of fin 
members for dissipating heat. Each of the plurality of fin 
members includes a pair of offset Surfaces interconnected by 
a sloped interconnecting Surface. The plurality of fins mem 
berS may be spaced apart at a distance that is less than, equal 
to, or more than the offset distance between the pair of offset 
Surfaces on each fin member, thereby maximizing the mix 
ing of air flow and the conductive heat transfer of the heat 
eXchanger through an impinging effect. 
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PLATE-FIN AND TUBE HEAT EXCHANGER WITH 
A DOG-BONE AND SERPENTINE TUBE 

INSERTON 

FIELD OF THE INVENTION 

0001. The present invention generally relates to heat 
eXchangers and, more particularly, relates to a heat 
eXchanger having heat transfer elements with improved heat 
transfer characteristics. 

BACKGROUND OF THE INVENTION 

0002 Conventional heat exchangers of the plate fin-tube 
type generally include of a plurality of parallel tubes having 
a plurality of perpendicular fins. The plurality of perpen 
dicular fins is thermally coupled to the plurality of parallel 
tubes to Serve as an evaporator. Heat absorbing fluid is 
forced through a capillary tube into the plurality of parallel 
tubes at a low temperature and pressure. Subsequent evapo 
ration of the fluid removes heat energy from the air passing 
adjacent the tubes of the evaporator, thus cooling the air. The 
fins attached to the tube increase the effective heat absorbing 
area over which the airflow is directed, thus increasing the 
cooling efficiency of the evaporator. A Small motor driven 
fan is utilized to draw air over the heat absorbing area of the 
evaporator and discharge the cooled air into the interior of 
the refrigerator. 

0003. Several attempts have been made to increase the 
cooling efficiency of the evaporator by varying the arrange 
ment of the tube pattern and fin shape. U.S. Pat. No. 
4,580,623 discloses a heat eXchanger having parallel rows of 
Serpentine tube coils Slanting in the same direction and using 
ultra thin fins having a pattern embossed thereon to induce 
turbulence in the airflow over the evaporator. However, the 
refrigeration industry is currently requiring a wider evapo 
rator to increase the face area of the evaporator met by the 
airflow to reduce the effects of frost growth and thereby 
increase the cooling efficiency of the refrigerator System. To 
enhance the cooling efficiency it is possible to add additional 
rows of tubes or additional fins to the evaporator. However, 
additional fins generally cause a narrowing of the Space 
between fins, which may limit airflow there between and 
increase the amount of material necessary to manufacture 
the evaporator, thus increasing cost. Further, additional rows 
of fins may also lead to excessive air-pressure drops acroSS 
the fins, especially as frost accumulates on the fins and tubes. 
0004. A need to improve the cooling efficiency of the 
current fin design is particularly felt in the area of "dog 
bone” type heat eXchangers. Dog-bone type heat eXchangers 
generally include a plurality of fins each having a Series of 
Slots formed therein. These slots are generally in the shape 
of a dog bone-having generally circular end portions and 
a slightly narrower intermediate, connecting portion. Unlike 
other heat eXchanger types, dog-bone heat eXchangers 
employ a single, continuous tube that is bent into a Serpen 
tine-like pattern, which traverse back and forth through the 
Series of slots formed in the fins once assembled. This Single, 
continuous tube eliminates the need for complicated tube 
assembly, Such as assembly and brazing of joints. The tube 
is bent into its preferred shaped prior to insertion through the 
dog-bone slots. Due to the narrower immediate portion of 
the dog-bone slots, the bends along at least one side of the 
final tube shape are crimped to enable insertion of the tube 
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into the fins. This tube bundle is then inserted through the 
dog-bone slots to form the assembly. Traditionally, it is 
difficult to hold the fins in proper position during this 
insertion Stage. Experience has shown that this difficulty is 
compounded if an irregularly shaped fin is used. 
0005 Dog-bone type heat exchangers are often used in 
refrigeration applications, Such as refrigerator-freezer appli 
cations. Refrigeration applications typically use a lower 
airflow rate relative to commercial cooling Systems. These 
lower airflow rates decrease the cooling capacity of the heat 
eXchanger. Moreover, Such refrigerator-freezer applications 
further require that frost be able to collect on the fins and 
tubes. Therefore, to minimize the chance of the fins being 
clogged with frost, the fins must be placed further apart to 
allow air to continue to pass through the evaporator as the 
frost accumulates. This increase Separation of the fins limits 
the number of fins used and, furthermore, reduces the 
mixing of the airflow around the fins, thereby reducing the 
cooling capacity of the System. However, irregularly shaped 
fins are difficult to assemble with the continuous tube. 

0006 Accordingly, there exists a need in the relevant art 
to provide a dog-bone type heat eXchanger System having 
evaporator fins that permit the accumulation of frost and the 
pass through of air, yet provides improved cooling capacity. 
Furthermore, there exists a need in the relevant art to provide 
a dogbone type heat eXchanger having Sufficiently Spaced 
fins that provides improved mixing of the airflow around 
Such fins to improve cooling capacity. Still further, there 
exists a need in the relevant art to provide a dog-bone type 
heat exchanger System having fins capable of improving the 
mixing of the airflow around such fins without adversely 
affecting the ease of assembly. Lastly, there exists a need in 
the relevant art to provide a dog-bone type heat eXchanger 
System that overcomes the disadvantages of the prior art. 

SUMMARY OF THE INVENTION 

0007 According to the principles of the present inven 
tion, a dog-bone type heat eXchanger is provided having an 
advantageous construction and method of assembly. The 
dog-bone type heat eXchanger includes a plurality of fin 
members for dissipating heat. Each of the plurality of fin 
members includes a pair of offset Surfaces interconnected by 
a sloped interconnecting Surface. The plurality of fins mem 
berS may be spaced apart at a distance that is less than, equal 
to, or more than the offset distance between the pair of offset 
Surfaces on each fin member. 

0008 Further areas of applicability of the present inven 
tion will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and Specific examples, while indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
Scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The present invention will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 
0010 FIG. 1 is a perspective view illustrating an evapo 
rator according to the principles of the present invention; 
0011 FIG. 2 is an elevational view illustrating the evapo 
rator of the present invention; 
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0012 FIG. 3 is a front view illustrating the dog-bone 
Slots, 

0013 FIG. 4 is a side view illustrating the profile con 
figuration of the fin according to the present invention; and 
0.014 FIG. 5 is a plan view illustrating the insertion of 
the tube bundle into a plurality of fins being secured within 
a jig member. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.015 The following description of the preferred embodi 
ment is merely exemplary in nature and is in no way 
intended to limit the invention, its application, or uses. 
0016 Referring to FIGS. 1-4, an evaporator system, 
generally indicated at 10, is illustrated for use in a refrig 
eration System (not shown). The refrigeration System gen 
erally includes a refrigerator having a spaced apart wall 
Section forming a passageway. Evaporator System 10, in 
accordance with the present invention, is placed in the 
passageway and is used to cool the air drawn over evapo 
rator System 10 and is discharged into the refrigerator by a 
fan. Evaporator System 10, when used in a restaurant appli 
ance, is generally operated at a temperature Such that frost 
tends to collect on the Surfaces of the evaporator. Accord 
ingly, evaporator System 10 must include pathways extend 
ing there through to permit the passage of air to prevent 
clogging of the evaporator. Should the evaporator System 
become clogged, the airflow over the evaporator is reduced 
causing an airside pressure drop and a decrease in the 
cooling efficiency of the device (i.e., reducing the airflow 
over evaporator System 10 reduces the amount of cool air 
discharged into the refrigerator). In an attempt to keep the 
refrigerator at the desired temperature level, the System 
works harder (i.e., the compressor runs almost continuously 
to provide a Supply of heat absorbing fluid to evaporator 
system 10 in an attempt to provide additional cool air to the 
refrigerator). 
0017 Evaporator system 10 of the preferred embodiment 
comprises a continuous tube 12 having both inlet 14 and 
outlet 16 ends. Continuous tube 12 is formed in a serpentine 
configuration by a plurality of reverse bends 18 and parallel 
tube runs 20. As best seen in FIGS. 1 and 3, continuous tube 
12 is folded into an essentially bi-planar configuration 
resulting in two adjacent rows of tubes 22, 24. Tube rows 22, 
24 are made up of sets of two parallel tubes 26, 28 with the 
exit of each Set connected to the entrance of the next 
Successive Set in the respective row by a respective reverse 
bend 18. The sets of parallel tubes in each row 22, 24 are 
Sloped in co-planar directions relative to the longitudinal 
axis of tube row 22, 24. 

0018) As best seen in FIGS. 1, 3, and 4, fins 30 each 
include a varying profile capable of dramactically enhancing 
the mixing of the air flow passing through evaporator System 
10 and further capable of enhancing the impingeing effect of 
air contacting each fin 30. With particular reference to 
FIGS. 3 and 4, fins 30 each includes a first Surface 34 and 
a Second Surface 36. According to the present embodiment, 
first Surface 34 is a planar Surface that is parallel to and offset 
from Second planar Surface 36 as indicated at A. First Surface 
34 and Second Surface 36 are interconnected via a sloping, 
interconnecting surface 38. Preferably, fin 30 further 
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includes a plurality of first Surfaces 34 and Second Surfaces 
36 each interconnected in a similar manner by sloping, 
interconnecting surface 38. Most preferably, first surface 34 
and Second Surface 36 alternate after each pair of Slots 32, 
thereby providing the maximum number of alternating Sur 
faces 34, 36, while maintaining a generally flat Surface 
adjacent slots 32 for assembly. This will be discussed further 
below. It should be noted, however, that the exact dimen 
sions and shape of fins 30 may be modified to accomodate 
the particular needs of the intended application. The planar 
shape of first surface 34 and second surface 36 is preferably 
oriented perpendicular to the direction of insertion of con 
tinuous tube 12. 

0019. Still referring to FIGS. 3 and 4, fins 30 are 
preferably made of Stamp-formed aluminum having a thick 
ness of about 0.15 mm. More particularly, fins 30 are 
preferably Stamp-formed in a Single manufacturing Step to 
form the outer dimensions of fin 30, slots 32, first surface(s) 
34, Second Surface(s) 36, and interconnecting Surface(s) 38. 
As best seen in FIG. 3, slots 32 each include a pair of 
generally circular portions 40 having a generally narrower 
intermediate portion 42 extending between the pair of gen 
erally circular portions 40. Referring now to FIG. 4, the pair 
of generally circular portions 40 each include an outwardly 
turned collar portion 44 being Stamp-formed to provide a 
generally non-abrasive Surface for contacting continuous 
tube 12. Collar portion 44 further serves to provide an 
enlarged contact Surface area to improve conductive heat 
transfer between continuous tube 12 and each fin 30. 

0020 Fins 30 are secured on continuous tube 12 by 
inserting bends 18 of continuous tube 12 into canted slots 32 
of fins 30. The overall length of slot 32 is slightly less than 
the overall outer dimension of the set of two tubes. Since the 
overall length of the slot is slightly less than the overall outer 
dimension of the Set of two tubes, the tube Sets are press fit 
into slots 32 to ensure metal-to-metal contact, which 
enhances heat conduction between the tube walls and fins 
30. Fins 30 are evenly spaced on tube 12 and when used in 
refrigeration units are normally spaced three-to-six fins per 
inch of tube. 

0021. As best seen in FIG. 5, assembly of fins 30 and 
continuous tube 12 is facilitated with the use of a jig member 
46. Jig member 46 generally includes a base portion 48 and 
a plurality of support rails 50. The plurality of Support rails 
50 being generally orthogonal to base portion 48 and include 
a Series of complimentary angled channels 52 to engage 
interconnecting Surface 38 of fins 30. Accordingly, bends 18 
of continuous tube 12 are inserted into respective slots 32 of 
fins 30, channels 52 of support rails 50 cooperate to retain 
fins 30 in proper position and spacing. Once insertion is 
complete, the final evaporator System 10 may be removed 
from jig member 46. 
0022. The cooling efficiency of evaporator system 10 of 
the present invention may be further improved over con 
ventional designs as a result of the particular offset and 
profile of fins 30. With reference to FIG. 4, an example of 
the planar-offset configuration of fins 30 is illustrated. 
Although it should be appreciated that fins 30 may be spaced 
apart any distance that is found to maximize heat eXchange, 
in this example fin 30 and an adjacent fin 30' are offset a 
distance B that is at least less than or equal to the offset 
distance A between first Surface 34 and second Surface 36. 



US 2003/0196784 A1 

Moreover, again relative to this particular example, distance 
B remain less than or equal to distance A despite various fin 
shapes. Such an arrangement leads to improved mixing of 
airflow C passing between fin 30 and fin 30'. In other words, 
Such arrangement eliminates any Straight through passage 
lines extending between adjacent fins, thereby requiring 
mixing of airflow and maximizing the amount of air mol 
ecules impinging upon interconnecting Surfaces 38. The 
impinging of air molecules on interconnecting Surfaces 38 
improves the heat transfer between the air and continuous 
tube 12, thus improving the cooling efficiency of evaporator 
System 10. By improving the cooling efficiency, the amount 
of work required may be reduced and/or the Spacing of fins 
30 may be increased to facilitate the flow of air between 
adjacent fins 30 as frost accumulates on fins 30. 
0023. It has been seen that as air is drawn over evaporator 
System 10, the air impinges the cooling fins and further 
mixes, thereby increasing the cooling effect and efficiency of 
evaporator System 10 over prior art evaporators having flat 
fin designs. Accordingly, the invention results in lower 
manufacturing costs, Since unnecessary fins may be 
removed. Furthermore, as a result of the option to use 
increased spacing between adjacent fins, the pressure drop is 
minimized, which enables the use of a Smaller fan and 
compressor motor, thus decreasing operating costs and 
OSC. 

0024 However, in summary, it is important to note that 
preferably the fins of the present invention include a plu 
rality of offset planar Surfaces. These offset planar Surface 
preferably alternative between each pass of the tubing, thus 
maximizing the number of alternating Surface while Still 
maintaining the necessary perpendicular relationship with 
the tubing. This perpendicular relationship eases assembly 
in that a plurality of fins may be easily held in a jig at which 
time the preformed Serpentive tubing is easily inserted. 
0.025 The description of the invention is merely exem 
plary in nature and, thus, variations that do not depart from 
the gist of the invention are intended to be within the Scope 
of the invention. Such variations are not to be regarded as a 
departure from the Spirit and Scope of the invention. 

What is claimed is: 
1. A dog-bone type heat eXchanger comprising: 

a first fin member having a first Surface and a Second 
Surface interconnected by a first Sloped interconnecting 
Surface, a plane of Said first Surface being offset from a 
plane of Said Second Surface; 

a Second fin member having a third Surface and a fourth 
Surface interconnected by a Second Sloped intercon 
necting Surface, a plane of Said third Surface being 
offset from a plane of Said fourth Surface; 

a plurality of Slots formed through said first Surface and 
Said third Surface, each of Said plurality of Slots having 
a pair of generally circular portions and an intermediate 
portion; 

a continuous tube for conveying a first fluid within Said 
tube to exchange heat with a Second fluid Surrounding 
Said tube, Said tube having a plurality of reverse bends 
forming a plurality of parallel tube runs, Said tube being 
coupled to Said first fin member and Said Second fin 
member Such that each of Said plurality of reverse 
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bends passes through a corresponding one of Said 
plurality of slots formed in said first fin member and 
Said Second fin member. 

2. The dog-bone type heat eXchanger according to claim 
1, further comprising: 

a collar portion extending about the periphery of each of 
Said plurality of generally circular portions of Said 
plurality of Slots, Said collar portions generally facili 
tating heat conduction and minimizing abrasion 
between Said first and Second fin members and Said 
continuous tube. 

3. The dog-bone type heat eXchanger according to claim 
1 wherein a distance between Said plane of Said first Surface 
and Said plane of Said Second Surface is at least equal to or 
greater than a distance between Said first fin member and 
Said Second fin member. 

4. The dog-bone type heat eXchanger according to claim 
1, further comprising: 

Said plurality of slots further being formed through Said 
Second Surface and Said fourth Surface to receive Said 
plurality of reverse bends. 

5. The dog-bone type heat eXchanger according to claim 
1 wherein the width of said intermediate portion is smaller 
than a diameter of each of Said pair of generally circular 
portions 

6. A method of assemblying a dog-bone type heat 
eXchanger, Said method comprising: 

providing a base member having a plurality of Spaced 
Support members coupled thereto forming Support 
channels therebetween; 

providing a pair offin members each having a first Surface 
and a Second Surface interconnected by a first Sloped 
interconnecting Surface, a plane of Said first Surface 
being offset from a plane of Said Second Surface, at least 
Said first Surface having a plurality of Slots formed 
therethrough, each of Said plurality of slots having a 
pair of generally circular portions and an intermediate 
portion; 

inserting each of Said pair of fin members into Said 
corresponding Support channels formed in Said base 
member; 

providing a continuous tube having a plurality of reverse 
bends forming a plurality of parallel tube runs; and 

inserting each of Said plurality of reverse bends through a 
corresponding one of Said plurality of Slots formed in 
Said pair of fin members. 

7. The method of assemblying a dog-bone type heat 
eXchanger according to claim 6 wherein Said Step of insert 
ing each of Said pair offin members into Said corresponding 
Support channels formed in Said base member includes 
retaining each of Said pair of fin members along only Said 
interconnecting Surface using only said Support channel. 

8. The method of assemblying a dog-bone type heat 
eXchanger according to claim 6 wherein Said step of pro 
Viding a pair of fin members includes providing Said pair of 
fin members wherein the width of said intermediate portion 
is Smaller than a diameter of each of Said pair of generally 
circular portions, thereby generally defining a dog-bone 
shape. 

9. The method of assemblying a dog-bone type heat 
eXchanger according to claim 6, further comprising: 
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spacing Said pair of fin members a distance that is greater 
than or equal to a distance between said plane of Said 
first Surface and Said plane of Said Second Surface. 

10. A dog-bone type heat eXchanger comprising: 

a first fin member having a first Surface and a Second 
Surface interconnected by a first Sloped interconnecting 
Surface, a plane of Said first Surface being offset from a 
plane of Said Second Surface; 

a Second fin member having a third Surface and a fourth 
Surface interconnected by a Second Sloped intercon 
necting Surface, a plane of Said third Surface being 
offset from a plane of Said fourth Surface; 

a plurality of Slots formed through said first Surface and 
Said third Surface, each of Said plurality of Slots having 
a pair of generally circular portions and an intermediate 
portion, Said intermediate portion having a width 
Smaller than a diameter of each of Said pair of generally 
circular portions, 

a continuous tube for conveying a first fluid within Said 
tube to exchange heat with a Second fluid Surrounding 
Said tube, Said tube having a plurality of reverse bends 
forming a plurality of parallel tube runs, Said tube being 
folded into a tube bundle, said tube bundle being 
coupled to Said first fin member and Said Second fin 
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member Such that each of Said plurality of reverse 
bends passes through a corresponding one of Said 
plurality of slots formed in said first fin member and 
Said Second fin member, 

wherein a distance between Said plane of Said first Surface 
and Said plane of Said Second Surface is at least equal 
to or greater than a distance between Said first fin 
member and Said Second fin member. 

11. The dog-bone type heat eXchanger according to claim 
10, further comprising: 

a collar portion extending about the periphery of each of 
Said plurality of generally circular portions of Said 
plurality of Slots, Said collar portions generally facili 
tating heat conduction and minimizing abrasion 
between Said first and Second fin members and Said 
continuous tube. 

12. The dog-bone type heat eXchanger according to claim 
10, further comprising: 

Said plurality of slots further being formed through Said 
Second Surface and Said fourth Surface to receive Said 
plurality of reverse bends. 


