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It has already been proposed to form grooves of small 
depth or striations in the surface of tubes intended for 
heat exchangers, thereby forming, in the said surface, 
hollows and raised portions of the order of one or a few 
millimeters, with a view to increasing the surface of the 
tube for the exchange of heat. These grooves can be 
formed either in the longitudinal direction parallel to the 
axis of the tube, or in the transverse direction, or in both 
directions at once so as to form a chequer-work pattern 
on the tube. The tube can be either of circular section 
or it can have diametral or tangential ?ns, or it can be of 
any desired section, for example, of double-convex sec 
tion. Grooves of this type are always uniform (and pro 
duce regularly-disposed raised portions. 
The present invention has for its object a tube intended 

for the exchange of heat, the surface of said tube hav 
ing rough excrescences and indentations or depressions of 
various shapes and orientations, arranged irregularly and 
symmetrically or asymmetrically. These rough excres— 
cences or depressions can in particular be given the shape 
of points, or more exactly small cone frustums, either 
raised or hollow, the dimensions of which can be of the 
order of a tenth of a millimeter or larger, and are se 
lected as a function of the nature and the conditions of 
temperature and pressure of the ?uids with which the 
tube is in contact, either externally or internally. These 
points can be combined with channels or grooves of all 
shapes and orientations, or raised portions of ‘any shapes 
and orientations. 

Instead of resulting from the formation of raised por 
tions on a cylindrical surface, this rough surface of the 
tube can be obtained by depressions formed in the ini 
tially smooth surface of the tube. To this end, in the 
case of a metallic tube which has passed through rollers 
in the course of its manufacture, rough excrescences are 
formed on the said rollers so as to produce holes or 
grooves of any desired shape in the surface of the tube. 
If the tube has a deformed section, for example (a double 
convex section, obtained by passing a tube of circular sec 
tion between a roller-train designed to deform the sec 
tion, these latter rollers will in this case be provided with 
rough excrescences. Alternatively, sand is introduced 
between the surface of the tube and the smooth or rough 
ened rollers between which the said tube passes, so as to 
obtain a rough surface having concave points or grooves 
having various shapes and arrangements. If the tube 
is manufactured by extrusion, for example in the case of 
a tube having diametral or tangential ?ns, or if the tube is 
produced by drawing, a die is employed which is pro 
vided with combs which oscillate or come into periodic 
contact with the surface of the extruded tube so as to 
obtain in the longitudinal direction depressions in the 
form of grooves formed in the surface of the tube. In 
order to obtain depressions transverse to the axis of the 
tube, the tube can be subjected to cold or hot die-forming 
or to hammering of its surface, preferably by means of 
pneumatic hammers striking punches in which raised 
points are formed. 

Various forms of embodiment of the tubes which form 
the object of the present invention have been shown in 
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perspective in FIGS. 1 to 4 of the accompanying draw 
ings. 

In the form of embodiment of FIG. 1, points or small 
craters b have ben stamped asymmetrically so as to 
form hollows, and alternating with channels or grooves 
c. The depth of these channels is of the order of one 
millimeter to one tenth of a millimeter. 

In FIG. 2, the tube a is only provided with channels 
or grooves c which are distributed, as can be seen in the 
drawing, in asymmetric and irregular manner over the 
surface of the tube. 

In FIG. 3, there is in this case a tube d, having tan 
gential ?ns e and the grooves f are distributed in an ir 
regular manner, both over the surface of the tube proper 
and over the surfaces of the ?ns. It would also be pos 
sible to form points. 
On the tube g of FIG. 4, the hollow points h have a 

density or depth which varies betwen one extremity of 
the tube and the other, the points it being, for example, 
of greater density at the entrance than at the outlet. 
The tube can be mounted in heat exchangers of all 

types, with parallel ?ow or cross-?ow. In particular, it 
is an advantage to employ them in combination with 
tubes so arranged that the passages formed between tubes 
in the exchanger for the circulation of the external ?uid 
vary both in section ‘and direction. For example, in an 
exchanger between two ?uids circulating in cross-?ow, 
tubes having double-convex sections with faces of un 
equal curvature, and in which hollowed and raised por 
tions have been formed in accordance with the present in 
vention, will be disposed quincuncially or in a staggered 
pattern, and the transverse passages thus formed between 
the tubes will be provided in known manner, with varia 
tions of section and of direction of the flow of the exter 
nal ?uid. 

These tubes can also be employed in heat exchangers 
having de?ecting undulated walls disposed between the 
rows of tubes so as to channel and modify the ?ow of 
the ?uid outside the tubes. They can also be employed 
with sheath envelopes placed co-axially to the tubes and 
having a pro?le which is either symmetrically or asym 
metrically corrugated, the period or pitch of the corruga 
tions of the envelope being variable from one end to the 
other of the tube or ‘along certain portions of the said 
tube, in combination or otherwise with a variation of the 
density or of the height of the depressions and raised por 
tions formed in the surface of the tube itself. 
The present invention does not necessarily apply to me 

ballic tubes, but can also apply to tubes of {any other na 
ture, for example of ceramic material, in which the de 
pressions or raised portions which are irregularly dis 
posed, can be even more easily produced and applied es 
pecially to the surfaces of fuel elements of nuclear reac 
tors, either to their sheathings or to the surface proper of 
the fuel cores when they are of ceramic material. 
What I claim is: 
l. A heat-exchanger tube de?ned by a tube wall hav 

ing an outer surface provided with integral rough, discon 
tinuous excrescences in relief disposed spaced from each 
other axially and circumferentially on said tube, said ex— 
crescences being limited in axial and circumferential ex 
tent so that a plurality are accommodated circumfer 
entially of said tube and axially of said tube, said ex 
crescences each having a height of about 1/10 of a milli 
meter to about one millimeter with respect to the surface 
of said tube, said excrescences varying in height over the 
length of said tube, and said excrescences being formed 
wholly from the material of said tube wall. ' 



3,154,141 
3 

2. A heat-exchanger tube de?ned by a tube Wall hav 
ing an outer surface provided with integral rough, dis 
continuous excrescences in relief disposed spaced from 
each other irregularly axially and circumferentially on 
said tube, said excrescences being limited in axial and citr 
cumferential extent so that a plurality are accommodated 
circumferentially of said tube 1and axially of said tube, 
said excrescences each having a height of about V10 of 
a millimeter to about one millimeter with respect to the 
surface of said tube, said excrescences varying in num 
ber and in height over the length of said tube, and said 
excrescences being formed wholly from the material of 
said tube wall. 

3. A heat-exchanger tube de?ned by a tube wall hav 
ing an outer surface provided with integral rough, dis 
continuous, excrescences in relief disposed spaced from 
each other axially and circumferentially on said tube, said 
excrescences being limited in axial and circumferential ex 
tent so that a plurality are accommodated circumferential 
ly of said tube and axially of said tube, said excrescences 
each having a height of about 1A0 of a millimeter to about 
one millimeter with respect to the surface of said tube, 
said excrescences varying in number per unit length and 
in height over the length of said tube, said excrescences 
being formed Wholly from the material of said tube Wall, 
said tube outer surface comprising discontinuous, irregu 
larly shaped indentations intermediate at least some of 
said excrescences and disposed spaced circumferentiially 
and axially on said tube, and said indentations having a 
depth ‘of about 1A0 of a millimeter to about one millimeter. 

10 

15 

20 

4 
References Cited in the ?le of this patent 

UNITED STATES PATENTS 

11,409 Bristol ______________ __ Aug. 1, 1854 
1,821,434 Hamilton ____________ __ Sept. 1, 1931 
1,826,344 Dalgliesh ____________ __ Oct. 6, 1931 
1,878,242 Kerr ______________ __ Sept. 20, 1932 
1,992,297 Dewald ____________ __ Feb. 26, 1935 

2,252,045 Spanner ____________ __ Aug. 12, 1941 
2,316,273 Meyer et a1. ________ __ Apr. 13, 1943 
2,343,542 Faunce ______________ __ Mar. 7, 1944 
2,519,820 Brugger ____________ __ Aug. 22, 1950 
2,549,466 Hoheisel ____________ __ Apr. 17, 1951 
2,578,136 Huet ______________ __ Dec. 11, 1951 
2,804,286 Pinarelli ____________ __ Aug. 27, 1957 
2,825,962 Brown et (a1. ________ __ Mar. 11, 1958 
2,902,422 Hutter ______________ __ Sept. 1, 1959 
2,974,404 Humenik et a1 _________ _._ Mar. 14, 1961 
3,007,237 Woodruff __________ __ Nov. 7, 1961 

FOREIGN PATENTS 
656,616 Great Britain ________ __ Aug. 29, 1951 
684,602 Great Britain ________ __ Dec. 24, 1952 

2,343,542 Faunce ______________ _- Mar. 7, 1944 

OTHER REFERENCES 
Durant and Mirshak: Roughening of Heat Transfer 

Surfaces as a Method of Increasing Heat Flux at Burn 
out, Progress Report, No. 1, DP-380, July 1959, ABC 
Research and Development Report (El. du Pont de 
Nemours and Co.). 


