
3,385,356 
HEAT EXCHANGER WITH IMPROVED EXTENDED SURFACE 

Filed May 18, 1967 

D. DALIN May 28, 1968 

9 Sheets-Sheet 1 

\ \\ \\ 

m 

\ \ \ \ \ \ \ \ \ \ \ 

Q5 



May 28, 1968 D. DALlN 3,335,355 
% HEAT EXCHANGE}? WITH IMPROVED EXTENDED SURFACE 

Filed May 18, 1967' “ 9 Sheets-Sheet 2 

3&5. 
{as 

\ \ \ \ . \ \l \ / \ 

s1\ 28 / 
: “ " F 1 q ‘i: —30 

35 \ > 54 

HOT MR : z 35‘ 
~ _ _ H ‘ com AKR 

OUTLET“ ‘ \ 27 39<2 M F [L \ L9 ‘ INLET 

: Z5‘ \ : 
z w \ \ ~ 

‘ * [I H l J \ ‘a. ‘If-JE- J ..-.. ~ _5_ 

5_: 30V 32! A 28 t X 

198.4. I ‘ 1 ‘#1 ‘a 

V 

30 



3,385,356 
HEAT EXCHANGER WITH IMPROVED EXTENDED‘ SURFACE 

File-d May 18, 1967 

D. DALIN May 28, 1968 

9 Sheets-Sheet 3 . 

COLD Am o00000OQQQOOOOQOQOOOQOOQQQOEHHH 0009000OQOOOOOOOGOOOOOOOORHH 000000000000OOOQOOOOQQOOOOOE Qooono‘ouoqooOOOOQOOOOOQPQOQBHHH 00006000000OOOOOOOOOOOOOQODE (“V0000OOOOOOQOQOOOOOOOOOOOORNHHHH 000000000090000000000000095" a00000OQQOOOQQOOOQQOOOOOOQOEHHIH 0000000000OOOOOOQOOQOOOOOOOE QOOOOQOOOOOOOOQO000000000095“ 
. 3 3 

\ 00000900000 

35 

- \I\\\N\\\\\\\\\\\\\\\\\\\\\\\\ 
HOT AIR 

OUTLET 





May 28, 1968 D. DALIN 3,385,356 
HEAT EXCHANGER WITH IMPROVED EXTENDED SURFACE 

Filed May 18, 1967 9 Sheets-Sheet 5 

' 6 

Z$¢8g I , 

9 I 
Z0 

// 
// 
/ 

I 

/ 

/// 
// 
/ ‘ 

/ 

£711,115 

\ 

\ \ 

\ \ \ \ \\ \\\;j \\ \ \\ \ \\ \\\l 

\ \ 

/ / 
/ / ____________ ._ 

// // HOT GASES U. 
’ a?’ émdmngmz) 
#4 —>-i9 .Davzd .DaZzn 

. 0 

WWW 



3,385,356 
HEAT EXCHANGER WITH IMPROVED EXTENDED SURFACE 

Filed May 18, 1967 

D. DALIN May 28, 1968 

9 Sheets-Sheet 6 

$9840. 
\\ 

\ 

\\ 
\ 

\ 

\ 
\ 

\\ 
\ 

\ \ \ $\\ \ \\ 
\ \\\ \\ \\\ 

\ \ \ \ \ 

\ \ 
\\ \\\ \ 
\ \ \ \ 

\ \\ \\ 
\ 

\\ \ 
\ \\ \ 
\\ \\ \ 

7//////&JW sailii ‘ A VIII/5mm m 
i----~b iiiwm ‘-----\ 

[8 

Egg‘! 

\ \ \ 
\ 

\ \\\ \ 
\ 

\ \\\ \\ 
\\ 

\ ‘\ 
\ \\\ 
\ \ 

\ \ \ 
V \\ 

\ 

\ 
\ 

\ 
\ \ \\ 

\ \ 

\ 
\\ 
\\ 

\ 

\ 

\ 
\ 
\\ 
\\ 

SMJM 



May 28, 1968 I D. DALIN 3,385,356 

HEAT EXCHANGER WITH IMPROVED EXTENDED SURFACE 

Filed May 18, 1967 9 Sheets-Sheet 7 

45 45 

15M’? dlawwsézwf 
avi E a 2m. 

L 



May 28, 1968 D. DALIN 3,385,35? 
HEAT EXCHANG-ER WITH IMPROVED EXTENDED SURFACE 

Filed May 18, 1967 . 9 Sheets-Sheet 8 

350 

340 / 

IOO 

LAMBDA VALUE. 5 o \\ 

/./Ex.[[ 50/ LE 

FEJOO 90 so 70 e0 50 49 so 20 IO 0 

we \0 a0 30 40 50 e0 70 so 90 I007, 

CHART SHOWING LAMBDA (A) VALUE OF EMMETALL’C 
HEAT-CONDUCTING EXTENDED SURFACE. ELEMENTS 
wrm DIFFERENT Paopomwows OF COPPERKJU) ‘a $9 
AND |RON(FE) WHEN: diwgww m) 

/\ OF PURE cu = 2,40 Kca(/m,/h°c $512155 

AND 3 fi’mw\ 
A OF PURE FE = 40 kcal/m/hcc, 



May 28, 1968 D. DALIN $333,356 
‘HEAT EXCHANGER WITH IMPROVED EXTENDED SURFACE 

9 Sheets~Sheet 9 Filed May 18, 1967 

Q"““““ \ \ \ 
@K f // ( @“ ‘w! y 

52 W 53 '52 W 5.3, 52 53 ‘ ,5?) 55! 
1 I I“~ | w ’ ‘ 



United States Patent O?ce 
1 

3,385,356 
HEAT EXCHANGER WlTH IMPROVED 

EXTENDED SURFACE 
David Dalin, Vensberg, Sweden 

Continuation-impart of application Ser. No. 473,336, 
July 20, 1965. This application May 18, 1967, Ser. 
No. 639,544 

15 Claims. (Cl. 165-146) 

ABSTRACT OF THE DISCLOSURE 

A heat exchanger for effecting indirect transfer of heat 
between two media separated by a metal wall, one of 
which media ?ows along a path partially de?ned by said 
wall, the wall having extended surface elements ?xed 
thereon and projecting into the path of‘ the ?owing 
medium, so that the temperature difference between the 
media diminishes along said path of ?ow. All of the ex 
tended surface elements have the same external surface 
area and for a substantial part of the length of said path 
the extended surface elements are bimetallic in cross sec 
tion and consist of both high and low conductivity 
metal. The thermal conductivity of the elements is progres 
sively less along said path in the direction of the down 
ward gradient of the temperature difference, the reduction 
in thermal conductivity of the bimetallic elements being 
determined by the amount of high conductivity metal 
they contain. 

This invention, like that of my copending application 
Ser. No. 473,336, ‘?led July 20, 1965, now Patent No. 
3,306,625, of which this application is a continuation-in 
part, relates to heat exchangers for effecting indirect heat 
transfer between two media at opposite sides of a wall 
through which heat transfer can take place, and refers 
more particularly to heat exchangers of the extended sur 
face type such as those illustrated in the Dalin Patents 
Nos. 2,469,635, 2,584,189, 2,655,352 and 2,719,354. 
As fully explained in the Dalin et a1. Patent No. 2,469, 

635, the ability of a ?uid medium to effect heat transfer 
between itself and a surface of a solid exposed to it, 
which ability is known as surface conductance, is not the 
same for all ?uid media. Thus, for instance, the surface 
conductance of steam or water, i.e. boiler ?uid, is at least 
one hundred times greater than that of combustion gases, 
and at 50° C. and with both media ?owing at the same 
velocity, the surface conductance of oil is only nine per 
cent (9%) that of water. 

llt follows, therefore, that if maximum e?iciency is to 
be obtained in a heat exchanger designed for indirect heat 
exchange between two media of different surface con 
ductance, the partition wall separating the two media 
must have extended surface elements fixed to it and 
extending into the lower surface conductance medium, and 
preferably these extended surface elements are metal 
rods or wires, either round or substantially rectangular 
in cross section, but solidly welded at one end to the parti 
tion wall and projecting endwise therefrom. 
The size, shape, distribution or arrangement of the 

extended surface elements and the thermal conductiv 
ity of the metal of which they are formed, all have 
a bearing upon the efficacy of the extended surface. 
The aforesaid Dalin et a1. Patent No. 2,469,635 
went far in teaching the art how to use extended 
surface to increase the e?iciency of heat exchanger. It 
taught the importance of and how to determine the most 
effective size, shape and distribution of the extended sur 
face elements; and that the individual extended surface 
elements should be capable of conducting all of the heat 
abstracted thereby to the partition wall for transfer to the 
medium at the other side of the wall. To that end, and 
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following the teachings of the Dalin et al. Patent No. 
2,469,635, and the general knowledge of the art, it has 
been the practice to make all of the extended surface ele 
ments of metal having a high coefficient of thermal con 
ductivity such as copper or aluminum, copper being by 
far the best choice. 

For some purposes, though, as explained in the Dalin 
Patent No. 2,719,354, the copper was encased in a steel 
sheath or a steel core extended through the copper ele 
ment. -. 

(In any event, all of the extended surface elements al 
ways had su?icient capacity to conduct all of the heat that 
could be abstracted thereby from the hottest medium 
?owing through the heat exchanger and across the ele 
ments. In other words, regardless of the amount of heat 
that was available to the elements, all of them had suf 
‘?cient capacity to conduct an amount of heat that was 
available only in the hottest portion of the medium ?ow 
ing across the elements. This meant that all of the extended 
surface elements contained the same amount of high con 
ductivity metal although only a relatively small per 
centage of them needed it. Upon re?ection, it can be 
readily appreciated that this constituted a very signi?cant 
economic waste, since the cost of copper is high in com 
parison with that of suitable low conductivity metal such 
as steel. 

It is, therefore, an object of this invention to eliminate 
this serious economic waste without sacri?cing any of the 
efficiency of extended surface heat exchangers, by the 
simple expedient of using the maximum amount of high 
conductivity metal in only those of the extended surface 
elements that are subjected to the highest heat, and using 
proportionately less of the high conductivity metal in the 
elements that are located in the cooler zones of the heat 
exchanger. 

Stated in another way, it is the object of this invention 
' to provide a heat exchanger of the extended surface type 
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in which the amount of high conductivity metal contained 
in the extended surface elements is substantially propor 
tional to the temperature in the vicinity of the medium 
from which heat is being abstracted. 
Thus in the heat exchanger of this invention the ex 

tended surface elements located in those portions of the 
system where the difference in the temperatures of the 
two media is greatest and where the maximum rate of 
heat transfer naturally occurs, have the greatest amount 
of high conductivity metal, while the elements in those 
portions of the system where minimum rates of heat trans 
fer will occur, have the least amount of high conductivity 
metal and in fact may be formed entirely of iron or other 
suitable inexpensive low conductivity metal. This assures 
the lowest possible initial cost of the equipment without 
any sacri?ce of operating e?iciency. 
The attainment of lower cost is however not the only 

advantage derived from the use of less expensive ferrous 
metal for the extended surface elements in that part of 
the heat exchanger where the temperature differential be 
tween the two media is least. 

Flue gases inevitably contain chemically reactive agents 
such as sulphur which upon condensation becomes sul 
phuric acid, and sulphuric acid, of course, has a serious 
corrosive effect upon metal. For some reason iron can 
withstand high concentrations of sulphuric acid much 

' better than copper, whereas copper is much more re 
sistant to low concentrations of sulphuric acid. There 
fore, by using iron for the elements in that part of the 
system where temperature is lowest and maximum con 
densation takes place, as in the downstream end portion 
of the gas pass, and restricting the use of copper, either 
solid or steel clad, to the portion of the system where 
the temperature is greatest, a two fold advantage is 
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gained-cost reduction and longer life for the extended 
surface. 
With the above and other objects in view which will 

appear as the description proceeds, this invention resides 
in the novel construction, combination and arrangement 
of parts substantially as hereinafter described and more 
particularly defined by the appended claims, it being 
understood that such changes in the precise embodiment 
of the herein-disclosed invention may be made as come 
within the scope of the claims. 
The accompanying drawings illustrate several complete 

examples of the physical embodiments of the invention, 
constructed according to the best modes so far devised 
for the practical application of the principles thereof, and 
in which: 
FIGURE 1 is a vertical sectional view through a steam 

or hot water boiler equipped with extended surface in 
accordance with this invention; 
FIGURE 2 is a cross sectional view through FIG 

URE 1 on the plane of the line 2—2; 
FIGURE 3 is a horizontal cross sectional view through 

a hot air furnace, also equipped with the extended sur 
face of this invention; 
FIGURE 4 is a vertical sectional view through the 

hot air furnace on the plane of the line 4-4 in FIG 
URE 3; 
FIGURE 5 is a vertical sectional view through FIG 

URE 3 on the planes indicated by the lines 5—5; 
FIGURE 6 is a horizontal sectional view through a 

water heater especially adapted to utilize waste heat, show 
ing another form of extended surface embodying this 
invention; 
FIGURE 7 is a longitudinal sectional view through 

FIGURE 6 on the plane of the line 7—7; 
FIGURE 8 is a fragmentary sectional view through 

a portion of a heat exchanger equipped with one form of 
the extended surface elements of this invention; 
FIGURE 9 is a sectional view through FIGURE 8 

on the plane of the line 9-9; 
FIGURES 10 and 11 are views similar to FIGURE 8 

illustrating other forms of extended surface elements em 
bodying this invention; 
FIGURE 12 illustrates still another form of extended 

surface embodying this invention; 
FIGURE 13 is a view illustrating how the extended 

surface of FIGURE 12 may be produced; 
FIGURE 14 is a sectional view through FIGURE 12 

on the plane of the line 14-—14; 
FIGURE 15 is a graph portraying the thermal con 

ductivity of bimetallic extended surface elements having 
different proportions of high and low conductivity metal; 
FIGURE 16 is a sectional view through several suc 

cessive portions of a partition wall equipped with bi 
metallic extended surface elements of progressively lower 
thermal conductivity in accordance with this invention; 
FIGURE 17 is a plan view of the structure shown in 

FIGURE 16; 
FIGURES 18 and 19 are diagrammatic views illus 

trating one step in the production of the bimetallic ele 
ments shown in FIGURES 16 and 17; and 
FIGURES 20, 21, 22 and 23 are cross sectional views 

through the extended surface elements of FIGURE 16, 
as indicated thereon by the lines 20~26; 21-21, 22-22 
and 23-23. 

Referring now more particularly to the accompanying 
drawings, and especially to FIGURES 1 and 2 thereof, 
the numeral 5 designates generally a steam boiler or hot 
water generator having a combustion chamber 6 in the 
lower portion of an inner shell 7, which as shown may 
be ?red by an oil burner. An outer shell 8 surrounds 
the inner shell and cooperates therewith to provide a 
water space 9 provided with an inlet 10 and an outlet 11. 
As is customary, the outer shell is jacketed as at 12 to 
provide heat insulation and, as seen in FIGURE 2, the 
entire structure is cylindrical in cross section. 
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In the upper portion of the inner shell, above the com 

bustion chamber, there is a water drum 13 connected at 
its top and bottom with the water space 9, as at 14 and 
15. The annular space 16 between the drum 13 and the 
inner shell communicates the combustion chamber with 
a ?ue gas outlet 17 so that the hot combustion gases 
emanating from the combustion chamber sweep across 
the walls of the water drum 13 and the annular water 
space 5‘ in their passage to the outlet 17. 

Inasmuch as the surface conductance, or in the terms 
of the aforesaid Dalin et al. Patent No. 2,469,635, the 
alpha value of water is about one hundred times greater 
than that of a gaseous medium, such as the hot flue gases 
?owing across the walls of the drum 13, the cylindrical 
wall. of the water drum has extended surface elements 18 
?xed thereto and projecting therefrom substantially across 
the entire annular space 16. The size, shape and distribu 
tion of; these extended surface elements 18 is such that 
the ability of the elements to effect heat transfer between 
themselves and the combustion gases in contact there 
with is substantially uniform throughout the entire length 
of the path of these gases as they flow upwardly across 
the cylindrical wall of the water drum. Of course, in this 
case, the heat exchange between the combustion gases 
or flowing ?uid medium in contact with the extended 
surface elements is abstraction of heat from the gases and 
transfer thereof to the water in the drum 13. 
From the standpoint of this invention, it is important 

to observe that as the hot combustion gases ?ow along 
the path defined by the space between the side walls of 
the inner shell 7 and the water drum i3, and the ex 
tended surface elements abstract heat energy therefrom 
and transfer it to the water, the difference in tempera 
ture of the two media diminishes. 

In other words, there is a downward gradient in the 
temperature differential between the two media along 
the path of the flowing medium. 

It is self evident that for the desired results to be at 
tained, the individual extended surface elements must 
have the ability to conduct the heat which they abstract, 
to the wall of the drum 13 and through it to the water 
in the drum. Whether or not the elements possess this 
needed capability depends upon the thermal conductivity, 
i.e. the lambda value, of the metal of which they are 
made. The need for using metal having a suf?ciently high 
lambda value so as to assure the needed conductivity has 
been understood for years and is fully discussed in the 
Dalin et al. Patent No. 2,469,635; but at the time the 
invention covered by that patent was made and devel 
oped, it was not appreciated that maximum thermal con 
ductivity is needed only for those extended surface ele 
ments which are located in that part of the system at 
which the greatest temperature differential between the 
media exists and the maximum rate of heat transfer takes 
place——or, the corollary of this observation~that at the 
opposite end of the flow path, the thermal conductivity 
of the extended surface elements can be far less without 
in anywise affecting the efficiency of the heat exchanger. 
Wherever extended surface has been used before, the 

individual elements have always been made either ex 
clusively of high conductivity metal or, when laminated 
as in the Dalin Patent No. 2,719,354, the amount of high 
conductivity metal was the same in all of the elements. 

Since only a relatively few of the extended surface 
elements of any heat exchanger equipped with extended 
surface need to cope with the maximum rate of heat 
transfer, it is evident that providing all of the elements 
with maximum conductivity involves a needless use of 
high conductivity metal. This in turn constitutes a serious 
economic waste because copper-which is most widely 
used where high conductivity is required-costs consid 
erably more than suitable low conductivity metal, for 
instance, iron or steel. 

In keeping with the objective of this invention as here 
inbefore expressed, which is to reduce the cost of ex~ 
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tended surface heat exchangers by eliminating unneces 
sary use of costly high conductivity metal in the extended 
surface elements, the elements 18 in the boiler 5 are 
divided into four groups designated 1, II, III and IV, as 
indicated in FIGURE 1. The only difference between 
these several groups of elements is in their thermal con 
ductivity, and this difference may be obtained in a num 
ber of ways, some of which are shown in FIGURES 8 
to 11, inclusive, in all of which the amount of high con 
ductivity metal used is greatest in Group I and progres 
sively less in the succeeding groups. 
Thus the desired gradation in thermal conductivity in 

the succeeding groups may be obtained as shown in FIG 
URE 8, wherein all of the extended surface elements are 
bimetallic and consist of a high conductivity core 19 en 
cased in a sheath 20 of low conductivity metal, as in 
the Dalin Patent No. 2,719,354. Preferably the core is 
formed of copper, though it could be made of aluminum, 
while the sheath is formed of mild steel. In the bimetallic 
elements of Group I, the proportions of high to low con 
ductivity metal may be 85 to 15. This gives the elements 
ample thermal conductivity to successfully cope with the 
highest temperatures attained by the combustion gases 
?owing over the extended surface. 
For succeeding groups, the percentage of high conduc 

tivity metal to low conductivity metal present in the ele 
ments is reduced stepwise so that the thermal conduc 
tivity of the elements approximately matches the de 
clining temperature gradient of the combustion gases as 
the heat thereof is abstracted therefrom. As long as the 
thermal conductivity, that is, the lambda value, of the 
elements is su?icient to conduct all of the heat abstracted 
thereby to the wall of the water drum, the performance 
requirements are met; but to gain the advantages of this 
invention the lambda value of the elements should not 
greatly exceed the performance requirements. 

Reference to the chart of FIGURE 15 will show that 
the relative proportions of copper and iron in laminated 
elements should be such as those of FIGURE 8, to safely 
cope with the temperatures encountered and still gain 
the economic advantage of this invention. To illustrate, 
Example I on this chart depicts the situation for extended 
surface elements having va 5 mm. outside diameter, a 
copper core of 4.5 mm. diameter, and a 0.25 mm. thick 
iron sheath. In this case, the copper content is 82% and 
the iron content 18% of the whole; and as shown in the 
chart, the lambda value of the element is 283 K. caL/ 
m./h. ° C. 

In Example II, the proportions of copper to iron are 
reversed from what they are in Example I. In this case, 
the lambda value is 94. 
For other proportions of copper and iron, the lambda 

value can be readily determined from the chart. 
Reversing the relationship between the copper and iron, 

that is, using the iron as the core material and copper for 
the sheath, does not affect the lambda value of the ele 
ments. Such reversal is illustrated in FIGURE 10, which, 
incidentally, includes a ?fth group V. In this case, the 
elements of Group I, the highest conductivity group, are 
of solid copper and the elements of Group V are of solid 
iron, and hence have the lowest thermal conductivity, 
while the elements of the intervening groups II, III and 
IV have iron cores of stepwise increased diameter Within 
copper sheaths with correspondingly thinner walls. 
The use of iron for the elements that are located in 

that part of the system Where the temperature differential 
between the two media is least and copper where the 
temperature differential is greatest, is especially advan~ 
tageous in the case of the convection surfaces of steam 
boilers where the extended surface elements are swept by 
sulphur containing ?ue gases, for as noted hereinbefore, 
iron is better able than copper to withstand the higher 
concentrations of sulphuric acid resulting from the 
greater condensation that takes place in the downstream 
portion of the gas pass, whereas copper is more resistant 
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6 
to the lower concentrations of sulphuric acid in the higher 
temperature portion of the gas pass. 
Another way of gaining the desired stepwise reduction 

in amount of high conductivity metal used for the ex 
tended surface elements is illustrated in FIGURE 11, 
wherein the elements of Group I are of solid copper and 
all the rest are tubular with stepwise reduced wall thick 
nesses. The use of such hollow elements is particularly 
advantageous when it is desired to have a large heat col 
lecting or dissipating surface exposed to one medium 
and a minimum amount of material for conveying the 
heat to or from the other medium. 

It should be understood that the structures shown in 
FIGURES 8 to 11, inclusive, are merely illustrative and 
that in actual practice there are many more extended sur 
face elements arranged or distributed along the path of 
the medium ?owing thereover. Also, in each of these 
views the numeral 22 designates the wall separating the 
two media between which heat exchange is to take place, 
which in the case of the boiler 5 in FIGURES l and 2, 
is the Wall of the water drum 13; and that the numeral 
23 designates a part of the means which con?nes the 
?owing media to a de?ned path across which the extended 
surface elements project. 

In the boiler of FIGURES 1 and 2, the two media 
between which heat exchange takes place have widely 
different surface conductance, so that extended surface 
projects from one side of the partition wall separating the 
two media. This would not be the case where the media 
at opposite sides of the partition wall were both gaseous 
as in the direct ?red hot air heater shown in FIGURES , 
3, 4 and 5. In this unit, walls 25 separate a combustion 
chamber 26 and a combustion gas chamber 27 from an 
air chamber 28, and extended surface elements 29 and 
39 are ?xed to and project from opposite sides of the walls 
25. By virtue of these extended surface elements, opti 
mum heat transfer from the hot combustion gases to the 
air to be heated is obtained. 

In keeping with the present invention, the extended 
surface elements on both sides of the partition walls are 
divided into the four groups I, II, III ‘and IV, hereto 
fore described, with the Group I elements located in the 
hottest portions of the zones to which the heating medium 
and the medium to be heated are con?ned. 

Preferably the air chamber is divided into several suc 
cessively communicating passages by vertical walls 31 
and 32 and horizontal walls 33 through which the air to 
be heated ?ows from an inlet 34 to an outlet 35, the 
arrangement being such that the air which abstracts heat 
from the extended surface elements 29 and 3t) ?ows 
downward, and hence countercurrent to the rising com 
bustion gases. 

In the boiler of FIGURES l and 2, as Well as in the 
direct ?red air heater of FIGURES 3, 4 and 5, the parti 
tion walls separating the two media also form part of the 
structure by which the ?owing medium in contact with the 
extended surface is con?ned to a de?ned path. Hence the 
grouping of the elements along the path of the ?owing 
medium resulted in elements of different thermal con 
ductivity being mounted on the same partition wall. How 
ever, in a unit such as that shown in FIGURES 6 and 7, 
this is not the case. Here, the ?owing medium-for in 
stance, spent ?ue gases—pass through a duct 35 de?ned 
by suitable walls, the ?ow being upward in FIGURE 6. 
In the duct 35 is a group or bank of serpentine tubes 
36, the ends of each of which are connected with inlet 
and outlet headers 37 and 38 so that water, boiler ?uid 
or the like can be circulated through the tubes to be 
heated by the ?ue gases ?owing through the duct 35. 

The serpentine tubes 36 have extended surface elements 
as ?xed thereto as in FIGURES l and 2 of the Dalin 
patent No. 2,584.189; and since the ?uid heating medium 
?owing through the duct successively engages the several 
legs of each tube, the extended surface elements on the 
legs of the tubes ?rst contacted by the ?owing medium 
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have greater thermal conductivity than those last con— 
tacted by the ?owing medium. This condition is depicted 
by Groups IV and V in FIGURE 6. Obviously, of course, 
in this unit the walls of the serpentine tubes 36 separate 
the two media from one another, and the medium to be 
heated flows through the tubes. 

While, as pointed out hereinbefore, aluminum can be 
used as the high conductivity metal in the bimetallic ex 
tended surface elements it should also be understood that 
the desired gradation in conductivity of a series of ele 
ments may be obtained by using both copper core ele 
ments and aluminum core elements. Thus, those elements 
which must have the highest conductivity may have 
copper cores while those requiring lower conductivity 
may have aluminum cores. Since aluminum is substan— 
tially less costly than copper such combinations of copper 
and aluminum core elements has a signi?cant cost ad 
vantage. 

In the various structures thus far described, the ex 
tended surface elements have been rods or wires, but 
the invention is not limited to that form of extended 
surface. For instance, the extended surface might take 
the form of flat ?ngers 45, as shown in FIGURES 12, 13 
and 14-. These ?ngers may be formed by shearing strip 
stock 46 into two comb-like sections, as shown in FIG 
URE 13, and to give the ?ngers their desired bimetallic 
formation, the strip can be a ?attened tube with a core 
47 of copper and :a mild steel sheath 48. This form of 
extended surface is especially suitable for use on tubes, 
since it combines the more effective ?nger-like shape with 
ease of attachment to the tubes, since the “combs” can 
be spirally wrapped around the tubes with their con 
tinuous back edges in contact with the tubes to which 
they are, of course, secured in good heat transfer relation. 

Still another way of providing extended surface ele 
ments with “tailor-made” thermal conductivity is illus 
trated in FIGURES 16 to 23, inclusive. In this case, the 
individual elements 50 are cut from lengths of bimetallic 
bands or ribbons produced in the manner diagrammati 
cally illustrated in FIGURES l8 and 19. Thus a bi 
metallic wire 51 that is round in cross section and has a 
core 52 of copper within a steel sheath 53, is ?attened by 
passage between a pair of rolls 54, into a band or 
ribbon 55. 
The band or ribbon 55 has ?at sides and rounded 

parallel edges. To provide bands or ribbons of the desired 
thickness, the band or ribbon 55 is run through more 
closely spaced rolls, one pair of which, designated 54’, 
is shown in FIGURE 19, the band or ribbon 55’ which 
issues from this pair of rolls being thinner than the band 
or ribbon 55. 

Repeated passage of this band or ribbon between more 
closely spaced rolls to produce bands or ribbons of suc 
cessively less thickness effects elongation of the band or 
ribbon, but does not appreciably increase its width, as 
can be seen from a comparison of the width dimensions 
W in FIGURES 20—23. As a corollary, the cross sec 
tional perimeter of the different thickness bands or 
ribbons is substantially the same, so that elements cut 
from such different thickness bands or ribbons have sub 
stantially the same external surface varea per unit of 
length. The only signi?cant dimensional difference be 
tween elements cut from such different thickness bands 
or ribbons, assuming they are all of the same length, 
thus is in their thickness and necessarily in the amount or 
volume of copper they contain; and since it is this factor 
which determines the thermal conductivity of the ele 
ments, it follows that elements having different values 
of thermal conductivity can be obtained from the same 
bimetallic wire 51. This is the case in the extended sur 
face illustrated in FIGURES l6 and 17, wherein the ele 
ments 50 are divided into four groups, I, II, III and IV, 
those of the ?rst group having the greatest thickness as 
shown by FIGURE 20, and hence the highest thermal 
conductivity, those of the last group being the thinnest, 
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as shown by FIGURE 23, and having the lowest thermal 
conductivity. 
From the foregoing description taken with the ac 

companying drawings, it should be apparent that this 
invention, though simple in its implementation of the 
underlying concept, has great value to the industry. As 
is so often the case, very meritorious inventions and de 
velopments fail of commercial adoption because of their 
cost. The economic factor is ever present. Hence, when 
a discovery is made which removes the economic barrier 
to full scale adoption of a more efficient and more com 
pact structure such as the heat exchangers of this inven 
tion, the achievement is noteworthy, to say the least. 
By this invention, the cost of extended surface heat 

exchangers possessing all of the attributes of the various 
Dalin patents hereinbefore referred to, is reduced by 
more than ?fty percent, ‘without in anywise detracting 
from the efficiency or performance of the units. 
What is claimed as my invention is: 
1. A heat exchanger having wall means separating a 

flowing medium from another medium and coacting with 
other wall means to de?ne a path of flow for the ?owing 
medium, and having extended surface elements ?xed to 
said wall means and projecting into said path of the ?ow 
ing medium, said heat exchanger being characterized in 
that: 

(A) the extended surface elements are of such size and 
shape and so distributed along said path that as the 
?owing medium wipes across them the heat transfer 
which takes place between the extended surface ele 
ments and the ?owing medium effects a reduction in 
the difference in temperature between the media, 
which difference diminishes progressively from one 
end of said path to the other; 

(B) all of the extended surface elements are bimetallic 
in cross section and composed of both high and low 
thermal conductivity metal; and 

(C) the relative proportions of said two metals are 
progressively different along said path, with the ele 
ments having the highest proportion of high thermal 
conductivity metal at the end of said path at which 
the temperature difference between the media is 
greatest, 

so that the thermal conductivity of the extended 
surface elements substantially matches the down~ 
ward gradient of the difference in temperature of 
said media along said path. 

2. A heat exchanger having wall means separating a 
?owing medium from another medium and coacting with 
other wall means to de?ne a path of ?ow for the ?owing 
medium, and having extended surface elements ?xed to 
said wall means and projecting into said path of the ?ow 
ing medium, said heat exchanger being characterized in 
that: 

(A) the extended surface elements are of such size 
and shape and so distributed along said path that 
as the ?owing medium wipes across them the heat 
transfer which takes place between the extended sur 
face elements and the ?owing medium effects a re 
duction in the difference in temperature between the 
media, which difference diminishes progressively from 
one end of said path to the other; 

(B) all of the extended surface elements except those 
at that end portion of said path at which the tem 
perature difference between the media is least, are 
bimetallic in cross section and composed of high and 
low thermal conductivity metal; 

(C) the relative proportions of said two metals are 
progressively different along said path, with the ele 
ments having the highest proportion of high thermal 
conductivity metal at the end of said path at which 
the temperature difference between the media is 
greatest, 

so that the thermal conductivity of the bimetallic 
extended surface elements substantially matches 
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the downward gradient of the difference in tem 
perature of said media in contact therewith; and 

(D) the extended surface elements at the end portion 
of said path at which the difference in temperature 
between the media is least are formed entirely of low 
thermal conductivity metal. I 

3. A heat exchanger having wall means separating a 
?owing medium from another medium and coacting with 
other wall means to de?ne a path of ?ow for the ?owing 
medium, and having extended surface elements ?xed to 
said wall means and projecting into said path of the ?ow 
ing medium, said heat exchanger being characterized in 
that: 

(A) the extended surface elements are of such size and 
shape and so distributed along said path that as the 
?owing medium wipes across them the heat transfer 
whch takes place between the extended surface ele 
ments and the ?owing medium effects a reduction in 
the difference in temperature between the media, 
which difference diminishes progressively from one 
end of said path to the other; 

(B) all of the extended surface elements except those 
located at the opposite end portions of said path are 
bimetallic in cross section and composed of both high 
and low thermal conductivity metal; 

(C) the relative proportions of the two metals of said 
bimetallic elements are progressively different along 
said path with the elements having the highest pro 
portion of high thermal conductivity metal near the 
end of said path at which the temperature difference 
between the media is greatest, and vice versa; 

(D) the extended surface elements at that end portion 
of said path at which the temperature di?erence be 
tween the media is greatest are formed entirely of 
high thermal conductivity metal; and 

(E) the extended surface elements that are located at 
the end portion of said path at which the tempera 
ture difference between the media is least are formed 
entirely of low thermal conductivity metal, 

so that the thermal conductivity of the extended 
surface elements substantially matches the down 
ward gradient of the difference in temperature 
of said media along said path. 

4. The heat exchanger of claim 1, wherein the high 
thermal conductivity metal is copper and the low thermal 
conductivity metal is iron. 

5. The heat exchanger of claim 2, wherein the high 
thermal conductivity metal is copper and the low ther 
mal conductivity metal is iron. 

6. The heat exchanger of claim 3, wherein the high 
thermal conductivity metal is copper and the low thermal 
conductivity metal is iron. 

7. A heat exchanger having wall means separating a 
hot gaseous ?owing medium from another medium to be 
heated, and de?ning a path of ?ow for the hot medium 
having upstream and downstream ends, the wall means 
having extended surface elements ?xed thereto and pro 
jecting into the hot gaseous ?owing medium to cooperate 
with the wall means in effecting indirect heat exchange 
between the media, said heat exchanger being character 
ized in that: 

(A) the extended surface elements are divided into 
groups arranged in succession along said path, with 
each group comprising a series of banks of elements 
spaced along said path; 

(B) all of the extended surface elements in each group 
have the same size, shape and thermal conductivity; 
but 

(C) the extended surface elements comprising the suc 
cessive groups have different values of thermal con 
ductivity, 

those of the group at the upstream end of said path 
where the temperature difference between the 
media is greatest being formed substantially en 
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tirely of high conductivity metal and having the 
maximum thermal conductivity, 

those of the group at the downstream end of said 
path where the temperature difference between 
the media is least being formed substantially 
entirely of low conductivity metal and having 
the minimum thermal conductivity, and 

those of the intervening groups are bimetallic in 
cross section and are composed of both high and 
low thermal conductivity metal, 

the relative proportions of said two metals be 
ing progressively different along said path 
with the bimetallic elements having the 
highest proportion of high thermal conduc 
tivity metal adjacent to the extended surface 
elements formed substantially entirely of 
high thermal conductivity metal, and vice 
versa. 

8. The heat exchanger of claim 7, wherein the extended 
surface elements that have the maximum thermal con 
ductivity are formed of copper, the extended surface ele 
ments that have the minimum thermal conductivity are 
formed of ferrous metal, and the bimetallic extended sur 
face elements are formed of copper and ferrous metal. 

9. A heat exchanger having wall means separating a 
hot gaseous ?owing medium from another medium to be 
heated, and de?ning a path of ?ow for the hot medium 
having upstream and downstream ends, the wall means 
having extended surface elements ?xed thereto and pro 
jecting into the hot gaseous ?owing medium to cooperate 
with the wall means in effecting indirect heat exchange be 
tween the media, said heat exchanger being characterized 
in that: 

(A) all of the extended surface elements along the en 
tire length of said path have the same external size 
and shape; 

(B) the extended surface elements have different values 
of thermal conductivity along said path; 

(C) the extended surface elements at the upstream 
end of said path where the temperature difference 
between the media is greatest are solid in cross sec 
tion and have the maximum thermal conductivity; 
and 

(D) the remaining extended surface elements are tubu 
lar in cross section and hence have less thermal con 
ductivity. 

10. The heat exchanger of claim 9, wherein the wall 
thickness of the tubular element is progressively less along 
the path of the ?owing medium in the direction of the 
declining temperature difference between the media, 

so that the thermal conductivity of the extended sur 
face elements substantially matches the downward 
gradient of the difference in temperature of the media 
along said path. 

11. A heat exchanger having wall means separating a 
flowing medium from another medium and coacting with 
other wall means to de?ne a path of ?ow for the ?ow 
ing medium, and having extended surface elements ?xed 
to said wall means and projecting into said path of the 
{longing medium, said heat exchanger being characterized 
in t at: 

(A) the extended surface elements are of such size 
and shape and so distributed along said path that 
as the ?owing medium Wipes across them the heat 
transfer which takes place between the extended sur 
face elements and the ?owing medium effects a re 
duction in the difference in temperature between the 
media, which difference diminishes progressively 
from one end of said path to the other; 

(B) the extended surface elements along a substantial 
portion of the length of said path are bimetallic in 
cross section and composed of both high and low 
thermal conductivity metal; 

(C) all of the bimetallic elements have substantially 
the same external surface area, but 
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(D) the thickness of the high conductivity metal por 
tion of the bimetallic elements is progressively less 
along said path in the direction of the downward 
gradient of the temperature difference between the 
media, so that the thermal conductivity of the suc 
cessive elements along said path substantially matches 
the downward gradient of the temperature difference. 

12. The heat exchanger of claim 11 wherein the high 
thermal conductivity metal is copper and the low thermal 
conductivity metal is iron. 

13. A heat exchanger having wall means separating 
a ?owing medium from another medium and coating with 
other wall means to de?ne a path of ?ow for the ?owing 
medium, and having extended surface elements ?xed to 
said wall means and projecting into said path of the ?ow 
ing medium, said heat exchanger being characterized in 
that: 

(A) the extended surface elements are of such size and 
shape and so distributed along said path that as the 
?owing medium wipes across them the heat trans 
fer which takes place between the extended surface 
elements and the ?owing medium effects the reduc 
tion in the difference in temperature between the 
media, which difference diminishes progressively 
from one end of said path to the other; 

(B) the extended surface elements along a substantial 
portion of the length of said path are bimetallic in 
cross section and composed of both high and low 
thermal conductivity metal; 

(C) all of said bimetallic elements are formed of band 
stock having ?at sides and parallel edges, the width 
of which varies but little in the successive elements 
along said path but the thickness of which is pro 
gressively less along said path in the direction of the 
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downward gradient of the temperature difference be 
tween the media, 

so that while all of said elements have substantial 
ly the same cross sectional perimeter and hence 
substantially the same external surface area per 
unit of length, the cross sectional area of the ele 
ments and the thickness of the high conductivity 
portion of the elements and hence the thermal 
conductivity of said bimetallic elements is pro 
gressively less along said path in the direction 
of the downward gradient of the difference in 
temperature of said media. 

14. The heat exchanger of claim 13, wherein all of 
said extended surface elements are bimetallic and formed 
of band stock with flat sides and parallel edges. 

15. The heat exchanger of claim 14, wherein the high 
thermal conductivity metal is copper and the low thermal 
conductivity metal is iron; and 

wherein the copper portion of the elements constitutes 
the core thereof. 
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