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This invention relates to heat transfer units, and par 
ticularly to a heat transfer unit which is extremely com 
pact and efficient. 
The volume of the heat transfer unit of the present 

invention has been substantially reduced while maintain 
ing the ability to transfer heat at the same rate as a much 
larger type of unit. The small volume and high transfer 
heat rate are obtained by relating the diameter of the 
straight portions of the tube sections forming the passage 
way of the medium in which heat transfer occurs to each 
other to produce an extended engagement of the air pass 
ing thereover. For example, 38' tube sections are spaced 
substantially %' apart in rows, with the tube sections of 
one row in offset relation with the tube sections of an 
adjacent row. The tube sections of one row are disposed 
opposite the spaces of the tube sections of an adjacent 
row and the rows are spaced approximately .65' apart 
so that the centers of the tubes of adjacent rows are dis 
posed on equilateral triangles three-quarters of an inch 
on a side. The tube sections of one row span the gaps 
between the tube sections of adjacent rows and the air 
passing over the sections will wipe around the surface 
of the sections of the rows and thereby increase the rate 
of heat transfer. A substantial advancement in the heat 
transfer art has been made by the present unit of reduced 
volume when maintaining the rate of heat transfer of 
standard size transfer units. 

Accordingly, the main objects of the invention are: to 
decrease the volume of a heat transfer unit while trans 
ferring substantially the same amount of heat as larger 
size units; to form a heat transfer unit of tube sections 
disposed in rows, with the sections of one row overlap 
ping the space between the sections of adjacent rows, the 
spacing of the sections and the diameter of the tube being 
substantially equal; to substantially reduce the volume 
of a heat transfer unit by employing straight sections of 
%' tubing staggered in offset rows in triangular rela 
tionship on centers 34' apart; and, in general, to reduce 
the volumetric area of a heat transfer unit while main 
taining the same rate of heat transfer as that of a larger 
heat transfer unit by relating the diameter of the tube sec 
tions to the spacing thereof in adjacent rows. 

Other objects and features of novelty of the invention 
will be specifically pointed out or will become apparent 
when referring, for a better understanding of the inven 
tion, to the following description taken in conjunction 
with the accompanying drawing, wherein: 
FIGURE 1 is a side view in elevation of a heat trans 

fer unit embodying features of the present invention; 
FIG. 2 is a broken end view of the structure illustrated 

in FIG. 1, as viewed from the left-hand end thereof; 
FIG. 3 is a broken end view of the structure of FIG. 1 

as viewed from the right-hand end thereof; 
FIG. 4 is a broken plan view of the structure illustrated 

in FIG. 1, and 
FIG. 5 is an enlarged, broken sectional view of the 

structure illustrated in FIG. 1, taken on the line 5-5 
thereof. 

In the example of the heat transfer unit illustrated in 
the drawing, the height, width and length are substantially 
reduced over a standard type of heat transfer unit hav 
ing the same heat transfer capacity. A sinuous length of 
tubing 10 has a plurality of straight portions 11 disposed 
parallel to each other and in two rows 12 and 13. The 
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2 
tube sections of the rows are in staggered relation and are. 
interconnected at the ends by the U-shaped sections 14. 
In so far as practicing the present invention is concerned, 
the tube may be a single length bent back and forth to 
produce the straight sections and the return end bends, or 
straight sections may be employed which have the U-bends 
applied to both ends or one end when the U bend is 
provided between two straight sections of tube. In the 
present arrangement, the U bend 15 is a part of two 
straight sections, while the U. bent ends 16 extend into 
the ends of the straight tube sections to be brazed, welded 
or otherwise secured thereto. A plurality of fins 17, 
having flanged apertures 18, are assembled over the 
straight tube sections, with the fins accurately spaced 
apart by the length of the flange about the aperture. From 
ten to fifteen fins per inch length of section are employed, 
depending upon the particular design of the heat transfer 
unit. 

In the present arrangement, the tubes of each row are 
spaced apart substantially the diameter of the tube so 
that the tube of one row, with the flange of the fin there 
over, will cover the space between two tubes in an ad 
jacent row with the tubes located in equilateral triangular 
relationship. By way of a specific example and not limita 
tion, %' tube sections are spaced apart 3%' in rows .65' 
apart, with the tube sections of the rows offset to have 
the centers disposed in equilateral triangular relation, the 
sides of which have a length of substantially %'. As 
illustrated in the figure, the tube sections 21 of the front 
row, slightly overlap the space 22 between the sections in 
the rear row. While a restriction to the flow of air oc 
curs at the areas where the spacing of the straight Sec 
tions of the tubes are reduced, an increase in transfer of 
heat results due to the increase in velocity of the air at 
the restricted areas. A greater wiping action of the air 
about the tube sections occurs due to the expansion of 
the air after passing the restricted area which increases 
the engagement of the air with the surface of the tube 
sections and the faces of the fins adjacent thereto. It 
will be further noted in this arrangement that while the 
height of the resulting heat transfer unit has been sub 
stantially decreased, in the order of 9% to 10%, an addi 
tional number of straight sections of tube have been 
added, substantially increasing the primary surface rela 
tive to the secondary surface which has been substantially 
decreased, the substantial increase and decrease being rel 
ative to the standard type of heat transfer units having 
the same heat transfer rate. 
An interesting comparison between the heat transfer 

unit of the present invention and those heretofore em 
ployed in the art results from the ratios between the 
secondary and primary surfaces thereof. When employ 
ing a heat transfer unit having two rows of spaced tube 
sections occupying a 12' by 12' area, with twelve fins 
per inch disposed thereon, the following ratios were 
found between the surface of the fins (the secondary sur 
face) and the internal surface of the tube sections (the 
primary surface): 

1' Centers %' Centers 
in rows, in rows, 
%' apart .65' apart 

Primary--------------------------inches-- 309 413 
Secondary--------------------------do---- 4, 645 3,680 
Ratio-SIP-------------------------------- 5.0 8.9 

It was shown by tests, when assuming that the 1 x 34' 
unit is 1.00, that the 34 x 65' unit had a capacity of 1.16. 
To construct the 34 x.65' unit to have a capacity of 1.00, 
the same as the standard 1 x 34' unit, a substantial reduc 
tion in over-all volume will be obtained relative thereto. 
It was shown by tests that the volume reduction has been 
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at least 30% of the volume of the 1 x 34' unit while 
transferring a similar amount of heat. 

In the heat transfer unit of the present invention hav 
ing the %' spacing of the straight tube sections and the 
.65' spacing of the rows, some variation in these dimen 
sions may be made so long as the ratio between the sec 
ondary and primary surfaces is maintained between 7.0 
and 11.0. The volume of the heat transfer unit would 
be substantially increased when the ratio is increased 
above 11.0 and the resistance to the flow of air would 
substantially increase in case the ratio dropped below 7.0. 
The efficiency of the heat transfer unit of the present in 
vention is due to the greater increase in the primary sur 
face than the decrease in the secondary surface, resulting 
in a greater capacity to transfer heat. Thus, by maintain 
ing the ratio between the secondary and primary surfaces 
between 7.0 and 11.0, a substantial reduction in the vol 
ume of the heat transfer unit is obtained while increasing 
its capacity to transfer heat per unit area. 
From the specific examples of the present invention 

given hereinabove with respect to the dimensions and 
arrangement of a primary heat exchange surface com 
posed of %' tubing arranged on parallel centers that 
are disposed in triangular relation when regarded in 
cross section, each side of the triangle being equal and 
%' in extent, so as to dispose the centers of tubes in 
rows spaced 0.650' apart from center line to center line, 
a geometric relationship is established that is applicable 
to any size tube. In the equilateral triangular disposi 
tion of the tubes in rows or groups, it may thus be 
stated that the distance between the tubular axes among 
the groups and within the same group is equal to 2d, and 
the distance between the central planes in which the axes 
of adjacent groups lie is 1.7333d, where dequals the out 
side diameter of the tubes, or substantially so within 
manufacturing tolerances. 
The unit of the present invention transfers the same 

amount of heat as a larger conventional type of unit while 
occupying substantially less volume. In the example 
illustrated, the tube sections are spaced apart substantially 
the diameter of the sections to affect the flow of air and 
to control the contact area thereof to more efficiently 
transfer heat between the surface of the tube sections 
and fins as the air passes thereover. The slight restric 
tion to the movement of the air between the tubes pro 
duces an increase in velocity which causes the air to 
expand into engagement with a greater amount of the 
tube periphery and a greater area of the surface of the 
fins. This greater degree of contact results in a greater 
transfer of heat and in the increased capacity of heat 
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transfer per unit area. A substantial reduction in the 
over-all dimension and the cost of heat transfer apparatus 
results from the decrease in volume of the unit of the 
present invention. 
What is claimed is: 
1. In a tubular heat exchanger, a plurality of equal 

sized tubes extending in parallel relation to each other 
and arranged so that the central axes of one group of 
said tubes lie within a common plane, and the central 
axes of a second group of said tubes lie within another 
common plane spaced from the first said plane and paral 
lel thereto, said tubes further being arranged so that the 
central axes of any two adjacent tubes in either of said 
groups are equidistant from the central axis of a tube in 
the other of said groups and from each other so as to 
define an equilateral triangle between such tube centers 
regarded in cross section, the arrangement of tubes being 
further characterized by the fact that the distance be 
tween said axes among the groups and within the same 
group is equal to 2d, and the distance between said paral 
lel planes is 1.7333d, where d equals the outside diam 
eter of said tubes, all dimensional variations within 
standard manufacturing practices being tolerated. 

2. The heat exchanger of claim 1, wherein said tubes 
constitute the primary heat exchange surface, a plurality 
of fins extending between and around each of said tubes 
in firm mechanical contact therewith lying parallel to 
each other and normal to said central axes of said tubes, 
said fins constituting the secondary heat exchange sur 
face. 

3. The heat exchanger of claim 2, wherein each fin of 
said secondary exchange surface is a sheet of material 
having good thermal conductivity, said sheet being per 
forated to receive the tubes of the primary heat exchange 
surface in the arrangement prescribed, each perforation 
having a flange projecting from its periphery outwardly 
from a surface of said sheet and normal thereto, said 
flanges, when assembled, acting in cooperation with the 
confronting fins to maintain minimal spacing therebe 
tWeen. 
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