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57 ABSTRACT 
Heat exchanger tube wherein the outside and/or inside 
surfaces of the tube have a heat exchange enhance 
ment pattern formed in them. The heat exchange en 
hancement pattern does not extend through the full 
wall thickness. It is possible for the heat exchange en 
hancement pattern to include longitudinally extending 
variations in the type of enhancement. A process and 
apparatus for forming the tube provide for patterning 
metal strip and then forming the strip into the shape of 
a tube and then joining the longitudinally extending 
edges of the strip to form the complete tube. 

6 Claims, 14 Drawing Figures 
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HEAT EXCHANGER TUBE 

This is a continuation of application Ser. No. 
24,034, filed Dec. 30, 1971, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention deals with a process and apparatus for 
forming heat exchanger tubing having an enhanced sur 
face for improved heat exchange efficiency. Enhanced 
surface heat exchange tubing is also part of the instant 10 
invention. Preferably, the tubing in accordance with 
this invention is made by a process of welding metal 
strip having an enhanced surface into tubing as, for ex 
ample, by the use of high frequency welding. 

It is known in the art to weld metal strip into tubing 15 
by high frequency welding. A typical example of a prior 
art apparatus and process is set out in U.S. Pat. No. 
3,037, 105, granted May 29, 1962. 

SUMMARY OF THE INVENTION 2O 

In accordance with this invention, a process has been 
developed wherein strip is patterned on at least one of 
its major faces in such a manner as to improve its heat 
transfer properties when employed in a heat exchanger 
environment. 
The patterned strip is formed into a tube and the strip 

edges are welded together. Preferably, the welding is 
done by the forge welding technique and set out in U.S. 
Pat. No. 3,037,105. By this process, it is possible to ob-o 
tain heat exchanger tubing having enhanced heat ex 
change surfaces of a unique nature. 
Since the enhanced heat exhange surface is formed 

by patterning metal strip, it is possible to obtain heat 
exchanger tubing having enchancement patterns which 35 
vary in degree of enhancement or which vary from one 
enhancement pattern to another. These variations pref 
erably occur in the longitudinal direction as will be il 
lustrated herein. 

In accordance with this invention, the enhancement 40 
patterns on the inside and/or outside of the tube do not 
extend throughout the thickness of the tube wall. 
Therefore, it is possible to have different enhancement 
patterns on the inside and outside of the tube. The 
types of patterns which can be formed are unlimited 45 
since the enhancement is done on strip which is then 
formed up and welded into tube. Therefore, it is possi 
ble to form patterns such as a knurled diamond pattern 
on the inside surface of a tube which could not other 
wise be formed. 50 

In accordance with this invention, it is possible to 
form tubing wherein the enhancement patterns on the 
inside and outside surfaces are selected to provide max 
imum efficiency for the different heat exchange func 
tions which the inside and outside surfaces provide. For 
example, the tube might have a diamond pattern on its 
inside surface which provides a highly efficient nucle 
ate boiling surface which is highly effective for evapo 
ration purposes and a longitudinally extending rib pat 
tern on its outer surface which is highly effective for 
condensing applications. 
Other combinations are possible such as a diamond 

pattern on the inside or outside surface of the tube 
which is enhanced to a lesser degree along the longitu- 65 
dinal direction of the tube. This would provide an im 
proved condensing surface since most of the condensa 
tion occurs at the beginning of the tube. The enhance 
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2 
ment to a lesser degree in the latter portion of the tube 
would reduce drag and therefore increase efficiency. 

In such a tube, it is possible that the other surface of 
the tube may be either unpatterned or patterned as de 
sired. It is further possible in accordance with this in 
vention that both the inside and outside surfaces of the 
tube may have the same enhancement pattern. 
The patterned strip for welding into tubing in accor 

dance with this invention may be formed off line or in 
line with the welding apparatus. When the patterning 
operation is performed in line, several advantages are 
provided in that one may change from one pattern to 
another or change the degree of enhancement more 
readily. 
While high frequency welding is preferred in accor 

dance with this invention, other well known joining 
processes could be employed. High frequency forge 
welding, however, provides a marked improvement by 
virtue of its extremely narrow weld zone. 
The apparatus in accordance with this invention is 

directed to the in line patterning approach and com 
prises a strip patterning means located in line with the 
tube forming means and joining means. The strip pat 
terning means preferably comprises embossing rolls. 
To obtain the aforenoted variations in enhancement 
patterns, it may comprise a plurality of embossing roll 
stands. 

It is accordingly an object of this invention to provide 
a process and apparatus for forming a heat exchange 
enhancement pattern on metal strip which is then 
formed into welded tubing. 

It is another object of this invention to provide a pro 
cess and apparatus as above which enables the en 
hancement pattern on the strip to be varied in either 
degree of enhancement or from one pattern to another. 

It is another object of this invention to provide heat 
exchanger tubing having a surface with an enhance 
ment pattern which varies in degree or type of pattern 
along the length of the tube. 

It is a further object of this invention ot provide a 
heat exchanger tube having an enhancement pattern on 
its inside and/or outside surfaces. 

It is a still further object of this invention to provide 
a heat exchanger tube as above, wherein the enhance 
ment pattern on the outside surface of the tube is dif 
ferent from the enhancement pattern on the inside sur 
face of the tube. 
Other objects and advantages will become apparent 

from the following description and drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a series of perspective views illustrating 
exemplary heat exchanger tubing in accordance with 
this invention. 
FIG. 2 shows a series of perspective views illustrating 

other embodiments of heat exchanger tubing in accor 
dance with this invention. 
FIG. 3 is a schematic representation of an apparatus 

in accordance with this invention. 
FIG. 4 shows a series of perspective views illustrating 

roll embossment of the enhancement pattern in the 
metal strip. 
FIG. 5 is a cross section of the welded tube at the 

point of welding for a tube having a ribbed outer sur 
face. 



3,885,622 
3 

FIG. 6 is a side view of a strip patterning apparatus 
in accordance with this invention for varying the en 
hancement patterns along the length of the strip. 
DETAILED DESCRIPTION OF THE PREFERRE 

EMBODIMENTS 

Referring now to the drawings and especially to FIG. 
1, there is shown a plurality of tubes 1 in accordance 
with this invention having heat exchange enhancement 
patterns E on their inside 4 and/or outside 5 surfaces. 
All of the tubes 1 have in common a longitudinally ex 
tending weld seam 6 since they are formed from metal 
strip which has been patterned and then welded into 
tubing. 
FIG. 1A shows a tube having a diamond type pattern 

2 which is better described as a flat face diamond 
knurled type pattern on its outside 5 surface. The pat 
tern 2 may be formed in any desirable manner; how 
ever, it is preferred, as will be shown herein, to form the 
pattern by roll embossing. 
FIG. 1B shows a tube having a diamond type pattern 

2 on the outside surface 5 and a longitudinally extend 
ing rib type pattern 3 on the inside surface 4. 
FIG. 1 C shows a tube having a diamond type pattern 

2 on the inside surface 4 and a longitudinally extending 
rib type pattern 3 on the outside surface 5. 
Therefore, it can be seen that in accordance with one 

embodiment of this invention that tubing 1 is formed by 
welding so that it has a longitudinally extending weld 
seam 6 with a heat exchange enhancement pattern E on 
its inside 4 and/or outside 5 surfaces. The enhancement 
pattern E may be the same on both the inside 4 and out 
side 5 surfaces or the enhancement pattern E may be 
different one from the other. 
Referring again to FIG. 1A, the diamond pattern 2 

shown therein comprises diamond shaped areas 7 hav 
ing a flat face 8 separated by grooves 9. The pattern is 
relatively easy to form using conventional knurling 
rolls; however, the knurling operation is not carried out 
to the full depth of the pattern in the knurling rolls in 
order to form the flat faced diamond as shown. 
The surface shown in a highly efficient heat transfer 

surface. The formation of this type of surface on the in 
side of a tube would be virtually impossible except by 
the use of a method which welds patterned strip into 
tubing. 

It should be evident from the tubes 1 shown in FIG. 
1 that the depth of the heat exchange enhancement 
pattern E in the tube surfaces 4 and 5 is substantially 
less than the thickness of the tube walls, thus making 
it possible for the enhancement pattern E on the inside 
surface 4 of the tube to be different from the enhance 
ment pattern E on the outside surface 5 of the tube. 
The longitudinally extending rib type pattern 3 

shown in FIGS. 1 B and 1C is a highly effective heat 
transfer surface somewhat analogous to the heat trans 
fer surface of U.S. Pat. No. 3,291,704, granted Dec. 3, 
1966. 
Therefore, it is possible in accordance with this in 

vention to provide tubing for applications such as in 
U.S. Pat. No. 3,244,601, granted Apr. 5, 1966, wherein 
the inside and outside surface of the tube serve differ 
ent heat exchange functions. For example, condensa 
tion takes place on one surface whereas evaporation 
takes place on the other. In accordance with the patent, 
the heat exchange surface is identical on both sides of 
the tube. In accordance with this invention, however, 
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4. 
the enhancement patterns E on the heat exchange sur 
faces on the inside 4 and outside 5 of the tube 1 may 
be selected as desired for a specific heat exchange 
function such as condensation or evaporation, so as to 
provide optimum heat transfer qualties. 
For example, it has been found that while the 

diamond type enhancement pattern 2 can be used for 
both evaporation or condensation, it is most effective 
when used for evaporation. Similarly, it has been found 
that the longitudinally extending rib type pattern 3 is 
most effective for condensation. 
Therefore, the tube 1 of FIG. 1B would be uniquely 

suited for use in an apparatus where the outside surface 
5 provides evaporation and the inside surface 4 pro 
vides condensation. The tube 1 of FIG.1C would be 
uniquely suited for a similar apparatus where the func 
tions of the respective surfaces 4 and 5 are reversed. 
To produce the tubing of FIG. 1 by means other than 

the welding of patterned strip into tubing would be ex 
pensive and difficult and in some cases impossible. The 
particular enhancement patterns 2 and 3 shown in FIG. 
1 are those which are preferred in accordance with this 
invention, however, the invention is not limited to 
them. Any heat exchange enhancement pattern E 
which can be formed in metal strip which later to be 
welded int tubing could be employed. 
FIG. 2 shows a series of perspective views illustrating 

other embodiments of heat exchange tubing 1. In ac 
cordance with these embodiments 1", the heat ex 
change pattern E is varied over the inside 4 or outside 
5 or both surfaces of the tube. . . . 

Because the tubing in accordance with this invention 
is formed from patterned strip, any desired pattern can 
be employed. Therefore, it is possible to vary the pat 
tern on a given surface 4 or 5 of the strip. The pattern 
E may vary over the width of the strip or longitudinally 
along the strip or both. This will produce tubing 1 hav 
ing a heat exchange enhancement pattern E varying 
about the circumference of the tube inside or outside 
or varying along the longitudinal length of the tube or 
a combination of theses variations. 

It is preferred, however, in accordance with this in 
vention, for purposes of heat exchange applications 
that the variations in heat exchange enhancement pat 
terns E take place longitudinally along the tube 1. The 
variations in enhancement pattern E generally fall into 
two preferred groups. In the first grouping, as shown in 
FIGS. 2A and 2D, there is a variation in degree or in 
tensity of enhancement. By this it is meant that: the 
depth of the enhancement pattern E is gradually de 
creased or the sharpness of the enhancement pattern E 
is gradually decreased or the enhancement pattern E is 
otherwise changed so as to gradually fade into a smooth 
surface. 
Such an enhancement pattern E is shown on the in 

side surface 4 of the tube 1 of FIG. 2A wherein a da 
mond pattern 2" is employed with the depth of the 
grooves 9 separating the flat diamond faces 8 gradually 
decreasing along the length of the tube until the 
diamond pattern at the far end 10 of the tube is almost 
obliterated. Such a pattern 2 is uniquely suited in ap 
plications where most of the heat exchange occurs at 
the upstream end 11 of the tube 1', whereas down 
stream in the tube, heat exchange is occuring to a lesser 
degree. 
By varying the intensity or depth of the enhancement 

pattern E as in FIG. 2A, the tubing 1 has maximum 
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heat transfer efficiency at the upstream end 11 where 
most of the heat exchange is occurring and gradually 
changes over the length of the tube until the enhance 
ment pattern E is virtually obliterated thereby provid 
ing less drag on the heat exchange fluid and, therefore, 
the overall tube is improved in heat exchange effi 
ciency. 
The outside surface 5 of the tube 1 of FIG. 2A has 

a longitudinally extending rib pattern 3; however, it 
could have any desired enhancement pattern E or any 
which will be described hereinafter or it could be left 
smooth as in FIGS. 2B and 2C. 
FIG. 2D shows a similar pattern 2" as in FIG. 2A 

though it is on the outside tube surface 5 and the inside 
tube surface 4 has been left smooth. 
The second general grouping of variations in en 

hancement patterns is illustrated in FIGS. 2B, 2C, 2E 
and 2F comprising tubes wherein the ehnancement pat 
tern E is changed from one pattern to another or from 
an enhancement pattern E to an unenhanced surface 
along the longitudinal length of the tubing 1'. 
FIG. 2B shows just such a tube 1'. In FIG. 2B, the in 

ternal surface 4 has a diamond pattern 2 extending lon 
gitudinally from the upstream portion 20 of the tube 1.' 
up to line 21 and the remaining portion 22 of the tube 
1" has a smooth unehanced internal heat exchange sur 
face. - 

As with the tubing of FIG. 2A, the tubing 1 of FIG. 
2B provides maximum heat exchange efficiency at the 
upstream portion 20 of the tube where the greatest 
amount of heat exchange is to occur while in the down 
stream portion 22 of the tube, enhancement has been 
eliminated so as to reduce drag on the heat eXchange 
fluid which should thereby increase the overall effi 
ciency of the heat exchanger tube. The outside surface 
of the tube i' in this case has been left smooth and 
unenhanced; however, it may have have any enhance 
ment pattern E in accordance with this invention. 

In FIG. 2C yet another variation is shown wherein the 
upstream portion 24 of the tube 1" has a diamond pat 
tern 2 and the downstream portion 25 of the tube has 
a longitudinally extending rib pattern 3. In this tube i', 
the diamond patterned portion 24 could provide maxi 
mum heat exchange efficiency for a desired heat ex 
change function as, for example, evaporation and the 
longitudinally extending rib portion 25 could provide 
improved heat exchange efficiency with reduced drag 
on the heat exchange fluid. While the rib portion 25 
may not be as efficient for this heat exchange function 
as compared to the diamond portion 24, the reduction 
of drag in the rib portion 25 of the tube should improve 
the overall heat exchange efficiency of the tube. 
FIGS. 2E and 2F show the heat exchange enhance 

ment patterns E in the outside surfaces 5 of the tubes 
1' corresponding to the heat exchange enhancement 
patterns of FIGS. 2B and 2C which were on the inside 
surfaces 4. The enhancement pattern E or lack of it in 
FIGS. 2E and 2F on the inside surface may be chosen 
as desired. : 

It is also evident from a consideration of FIG. 2 that 
the variation in enhancement pattern E may be present 
in both the inside 4 and outside 5 surfaces of the tube 
1" and the type of variation whether of the grouping of 
FIGS 2A and 2D or the grouping of FIGS. 2B, 2C, 2E 
and 2F may be varied as between the inside 4 and out 
side 5 surfaces of the tube i'. 

6 
Therefore, from a consideration of the above, it can 

be seen that a myriad of heat exchange patterns E and 
combinations of enhancement patterns and unen 
hanced regions may be provided in metal tube which is 
formed from patterned strip. The adaptability of the 
welded tube process to the formation of enhanced heat 
exchange tubing with the variations as shown in FIGS. 
1 and 2 and those which could be readily thought of in 
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the light of FIGS. 1 and 2 is unique. 
Various combinations of enhancement patterns E 

could be readily thought of from a consideration of 
FIGS. 1 and 2 and the specific combinations shown 
therein are not meant to be limitive of the invention 
though they do represent the preferred embodiments in 
accordance with this invention. 
The process in accordance with this invention com 

prises providing a flat metal strip which is then pat 
terned to form a heat exchange enhancement pattern 
in one or both of its major faces. The particular pat 
terns which may be formed may be chosen as desired 
to obtain the particular type of tubing as aforenoted. 
Therefore, for tubing of the first embodiment of FIG. 
1, the strip is patterned on at least one of its major sur 
faces and for tubing of the second embodiment of FIG. 
2, the tubing is also patterned on at least one of its 
major faces. 
Any well known patterning method could be em 

ployed to obtain the desired enhancement pattern. The 
method may be mechanical such as machining, or 
chemical such as etching. It may include masking if de 
sired. It may be done by abrasion such as sand blasting. 
However, it is preferred in accordance with this inven 
tion to provide a process wherein the enhancement pat 
tern is embossed in the strip surface and, most prefera 
bly, the embossment is provided by a process of roll 
embossing. 
The process is applicable to a wide range of metals 

including steels, stainless steels, aluminum and alumi 
num base alloys, copper and copper base alloys; how 
ever, it is preferably applied to copper and copper base 
alloys. 
After the strip has been patterned, it is formed into 

the shape of a tube by well known tube forming tech 
niques. Generally this comprises forming the strip grad 
ually into the shape of a tube by passing it through a se 
ries of roll forming stands or dies. After the strip has 
been formed into the shape of a tube the longitudinally 
extending edges of the strip are joined together by con 
ventional means, preferably, by welding and, most pref 
erably, by high frequency welding. 
The tubing thus formed may be subjected as desired 

to shaping and/or sizing by conventional means and any 
other further processing as, for example, cleaning, coil 
ing and/or packaging. 
The apparatus for practicing the process in accor 

dance with this invention and for forming the tubing in 
accordance with this invention is shown schematically 
in FIG. 3. The apparatus comprises supply means 30 or 
a supply of metal strip; patterning means 40 for forming 
at least one heat exchange enhancement pattern on at 
least one surface of the metal strip; tube forming means 
60 for forming the metal strip into the shape of a tube; 
and joining means 70 for joining the longitudinally ex 
tending edges of the strip to form the complete tube. 
The apparatus may also include shaping and/or sizing 

means 80 as, for example, to correct out of roundness 
and properly size the joined tube. It may also include 
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means for further processing 90 the tubing as, for ex 
ample, means for cleaning the tube, and means for coil 
ing the tubing. 
The particular apparatus for carrying out each of 

these functions may be of any conventional well known 
design. The supply means 30 generally comprises a sup 
ply of metal strip in the form of a coil. The tube forming 
means 60 generally comprises a plurality of in line tube 
forming roll stands or dies as are well known in the art. 
The joining means 70 in accordance with this inven 

tion preferably comprises though it is no,' limited to a 
high frequency forge welding station as set orth in U.S. 
Pat. No. 3,037,105, granted May 29, 1962. The shap 
ing and/or sizing means 80 generally comprises a series 
of in line roll or die stands. 
The cleaning means 90 may be the one set forth in 

U.S. Ser. No. 167,687, filed July 30, 1971. The coiling 
means 90 may be any conventional means for coiling 
tubing. 
The strip patterning means 40 is preferably in accor 

dance with this invention a roll embossing apparatus 41 
as shown in FIG. 4. 
FIG. 4A shows rolls 42 for embossing metal strip 43 

wherein one operative roll surface 44 contains the lon 
gitudinally extending rib pattern 3 and the opposing op 
erative roll surface 45 contains the diamond pattern 2. 
It is significant as aforenoted that neither of the heat 
exchange enhancement patterns 2 or 3 which either 
roll embosses extends throughout the thickness of the 
strip 43, thereby permitting the enhancement pattern 
3 on one side 46 of the strip to be different from the en 
hancement pattern 2 on the other side 47 of the strip. 
FIG. 4B shows a somewhat similar roll configuration 

which embosses both sides 46 and 47 of the strip 43 so 
it is patterned with the diamond pattern 2. From FIGS. 
4A and 4B it can be readily seen that the particular en 
hancement patterns E on each side of the strip 43 are 
strictly a function of the embossing roll 42 which is em 
ployed and, therefore, are readily changeable by 
changing embossing rolls. 

In welding strip 43 into tubing, it is necessary to accu 
rately align the strip edges 48 after the strip has been 
formed into the tube prior to welding. When an en 
hancement pattern E such as the diamond pattern 2 in 
FIG. 4B is employed, the degree of discontinuity on the 
surfaces 46 and 47 of the strip 43 is not sufficient to in 
terfere with the normal welding process. When a rib 
pattern 3 or other type of pattern E which provides a 
marked discontinuity in the strip 43 surfaces 46 and 47 
is employed, it is necessary to leave longitudinally ex 
tending edge portions 49 of the strip 43 upatterned in 
order to obtain accurate alignment of the strip edges 48 
at the weld point. 
Referring to FIG. 5, it is shown why it is necessary to 

provide these upatterned edge portions 49 in order to 
maintain the alignment of the strip edges. FIG. 5 is a 
cross section of the tube 1 and weld rolls 50 at the point 
where the strip edges 48 are welded together. It is seen 
therein that the weld rolls 50 maintain the alignment of 
the strip edges 48 by contacting the strip surfaces 46 or 
47 adjacent to the strip edges 48. When the strip edge 
portions 49 are left unpatterned, the contact between 
the strip surface 47 and the weld rolls 50 is the same on 
both sides of the weld seam 6 so that accurate align 
ment is maintained. 

It this were not the case and, for example, the longi 
tudinal rib pattern 3 extended across the full width of 
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8 
the strip 43, the strip surface at 51 contacting the weld 
roll 50 on one side of the weld seam 6 could be at a val 
ley in the rib pattern 3 whereas the strip surface at 52 
contacting the weld roll 50 on the opposing side of the 
weld seam 6 could be at a peak, therefore, providing a 
substantial misalignment of the strip edges. 48 during 
welding. Such a problem is completely overcome in ac 
cordance with this invention by leaving longitudinally 
extending edge portion 49 of the strip 43 unembossed. 

Referring again to FIG. 4, it is seen that the heatex 
change enhancement pattern E is readily changeable 
merely by changing embossing rolls 42. Therefore, in 
accordance with this invention, it is possible to incor 
porate in the apparatus as shown in FIG. 6 a plurality 
of embossing roll stands 100. Three are shown, how 
ever, any desired number could be employed to obtain 
any desired enhancement pattern E or combination of 
patterns in the strip surfaces 46 and 47. 
Each of the roll stands 100 shown is actuated by a . . . . 

pneumatic cylinder 101 which is capable of forcing it 
into embossing contact with the strip or removing it 
from contact with the strip. In FIG. 6, the first roll stand 
is shown in embossing contact with the strip. If it were 
desired to form the tubing of FIG. 1, a single roll stand 
would be sufficient although if it were desired to switch 
during continuous tube welding between the embodi 
ments of FIGS. 1A through 1C, the plurality of roll 
stands shown would provide an easy approach. 
For example, the first roll stand 102 could have 

diamond pattern 2 bottom embossing roll 103 and a 
smooth top roll S to form the tubing 1 of FIG. 1A. The 
second roll stand 104 could have a rib pattern 3 in the 
top roll 105 and a diamond pattern 2 in the bottom roll 
103 to form the tubing 1 of FIG. 1B and the third roll 
stand 106 could have a diamond pattern 2 in the top 
roll 103 and a rib pattern 3 in the bottom roll 105, 
thereby being capable of forming the tubing 1 of FIG. 
1C. ...: 
Therefore, by employing three roll stands as shown 

in FIG. 6, one could readily change from the manufac 
ture of the tubing 1 of FIG. 1A to tubing of FIGS 1B 
and 1C by merely actuating the appropriate roll stand 
so the embossing roll 103 or 105 contacts the strip. 
The roll stand 100 of FIG. 6 are also suited for form 

ing tubing in accordance with FIG. 2 and the like. The 
pneumatic cylinders 101 of each of the roll stands 100 
would have to be controlled by a suitable sequencing 
mechanism 110 as are known in the art. When it is de 
sired to change from one enhancement pattern E to an 
other in the longitudinal direction of the strip 43, this 
sequencing could include solenoid type valves 111 in 
the fluid lines to the pneumatic clyinders 101 and these 
solenoid valves 111 could then be actuated by some 
conventional type switching means 110 such as a com 
puter, cam actuated switches, electric timer or other 
similar means. 

In operation then, for example, the first roll stand 
102 could be actuated to contact the strip 43 and em 
boss it during a first time period to form a diamond pat- --- 
tern 2. During a second time period, all of t oll 
stands 100 could be out of contact with the strip 
thereby leaving a smooth surface or perhaps the second 
roll stand 104 having a rib pattern 3 could be actuated. 
By appropriately sequencing the actuation of the re 
spective roll stands 100, any desired pattern could be 
obtained as shown in FIGS. 2B, 2C, 2E and 2F and any 
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of the variations which would be readily thought of 
from these Figures. 
To obtain patterns varying in degree of intensity as in 

FIGS. 2A and 2D, one could employ a further solenoid 
valve 120 controlled by the sequencing mechanism 110 
following the solenoid valve 111 which would act to 
bleed the system and gradually reduce the force ex 
erted by the pneumatic actuator on the rolls S, 103 or 
105 and, thereby, gradually reduce the depth of the en 
hancement pattern E in the strip 43. In such a sequence 
then, the solenoid valve 111 would be opened to place 
a roll S, 103 or 105 into embossing contact with the 
strip followed by opening of the bleed valve 120 to 
gradually withdraw the roll from embossing contact 
with the strip, thereby yielding the pattern varying in 
degree as in FIGS. 2A and 2D. 
The roll stands of FIG. 6 are situated in line in the 

welding apparatus and provide a marked improvement 
in flexibility as compared to an off line patterning sys 
tem since it is possible to readily change from one heat 
exchange enhancement pattern to another or to change 
the degree of enhancement of any given enhancement 
pattern. This is readily accomplished in line appropri 
ately sequencing the actuation of the roll stands 100. 
While the means for actuating the roll stands and the 

sequencing means have been described with respect to 
a specific embodiment, any desired sequencing means 
as are well known in the art and any desired means for 
actuating the roll stands as are known in the art could 
be employed. For example, in place of the pneumatic 
cylinder for actuating the roll stands, hydraulic means, 
mechanical means or a combination of these could be 
employed. 
The above description assumes that the strip is travel 

ing in the direction of the arrow 200. 
While the tubing shown in FIGS. 1 and 2 is enhanced 

throughout the complete length of the tubes, the tubing 
has been shown that way for purposes of example only 
and portions of the outside surface of the tube may be 
left smooth for connection to heat exchanger plates or 
for other known purposes in accordance with well 
known practices in the art. This particularly applies to 
the ends of the tube. 
The tubing in accordance with this invention when 

joined by high frequency forge welding generally con 
tains a weld bead on the outside and inside surfaces of 
the tube. These weld beads may be removed by well 
known scarfing techniques which can result in a narrow 
longitudinally extending region which has been Scarfed 
and wherein the enhancement pattern has been re 
moved. Sometimes the weld bead is insignificant and 
need not be removed. If a joining process other than 
forge welding is employed, there may be no Weld bead. 
Therefore, this invention includes tubes which have in 
side and/or outside weld beads or have had then re 
moved, or have essentially no weld beads at all. 

In accordance with this invention, the heat exchange 
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10 
enhancement patterns do not extend throughout the 
full wall thickness of the tube. Therefore, the heat ex 
change enhancement pattern on the outside or inside 
surface of the tube does not show through on the op 
posing surface of the tube. This is meant to distinguish 
the tubing in accordance with the instant invention 
from corrugated tube such as shown in U.S. Pat. No. 
3,217,799, granted Nov. 16, 1965, or fluted type tubing 
such as in U.S. Pat. No. 3,244,601, granted Apr. 5, 
966. 
In the case of the corrugated or fluted tube, the en 

hancement patterns do extend through the full wall 
thickness in the sense of this invention since the corru 
gations or flutes on one surface of the tube form corre 
sponding corrugations or flutes on the opposing surface 
of the tube. 
This invention may be embodied in other forms or 

carried out in other ways without departing from the 
spirit or essential characteristics thereof. The present 
embodiment is therefore to be considered as in all re 
spects illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims, and 
all changes which come within the meaning and range 
of equivalency are intended to be embraced therein. 
What is claimed is: 
1. A welded hollow metal heat exchanger tube 

formed from metal strip material and having a longitu 
dinally extending weld seam, said tube having a given 
wall thickness and an inside surface corresponding to 
one side of said strip material and an outside surface 
corresponding to the opposing side of said strip mate 
rial, a heat exchange enhancement pattern extending 
throughout only a portion of the tube wall thickness 
embossed into at least the inside surface by embossing 
the corresponding side of said strip, whereby variation 
in enhancement pattern is provided by varying the em 
bossment of the strip. 

2. A tube according to claim 1 wherein said enhance 
ment pattern is on the outside and inside surfaces of the 
tube. 

3. A tube according to claim 1 wherein said heat ex 
change enhancement pattern comprises a flat face 
diamond knurled pattern. 

4. A tube according to claim 1 wherein said heat ex 
change enhancement pattern comprises a longitudi 
nally extending rib pattern. 

5. A tube according to claim 1 wherein said enhance 
ment pattern includes a longitudinally extending varia 
tion in the type or degree of enhancement. 

6. A tube according to claim 5 wherein said longitu 
dinally extending variation in said hehat exchange en 
hancement pattern comprises a first heat exchange en 
hancement pattern in a first longitudinally extending 
portion of a tube surface and a second heat exchange 
enhancement pattern in a second longitudinally ex 
tending portion of a tube surface. 
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