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SNUOUS WRESTRUCTURAL AND HEAT 
EXCHANGE EEMENT AND ASSEMBLY 

John R. Gier, Jr., Hudson, Ohio 
Application November 23, 1949, Serial No. 129,159 

This invention relates broadly to structural ele 
ments of general application as Well as to new 
and useful heat exchangers and heat exchanger 
elements wherein the novel structural elements 
facilitate the commercial manufacture and a S 
sembly of unusually efficient and effective heat 
exchange units. 

It has been determined by calculations and 
demonstrated by laboratory experiments that of 
all the means known for extending the surface of 
plates or tubes, the most effective and efficient are 
a plurality of Wire-like pins or filarinents extend 
ing generally perpendicular to the plates or tubes 
at their points of attachment thereto and dis 
posed transversely to the fluid flow. 

For example, when employed in connection 
with heat exchangers of the plate type, the pin 
method of extending the surface would ideally 
involve the endwise attachment of a plurality of 
Wire-like pins perpendicular to and between ad 
jacent plates. The size of the Wire and the Spac 
ing of the pins are chosen to produce an optimum 
heat transfer coefficient for a given rate of fluid 
fioW between the plates. Similarly the pins may 
be formed between concentric tubes or may ex 
tend from both surfaces of a single tube, each pin 
being radially disposed. Although calculations 
and experiments have shown heat exchangers of 
this type to be the most efficient known, to my 
knowledge the pin type of extended surface has 
found very littie use outside of laboratories, be 
cause of the difficulties heretofore encountered in 
their manufacture and fabrication. It will be 
recognized that to produce a commercial-type 
heat exchange unit may involve the bonding of : 
literally millions of wires or pins to the fluid sepa 
rating surfaces because the heat transfer coef 
ficient increases as the pins become more nu 
merous per unit area, and Smaller in perimeter. 

It is an object of the present invention to facili 
tate the fabrication of structural elementSinclud 
ing heat, exchangers embodying pins, wires or the 
like for extending the surface of the fluid con 
straining plates or tubes; and more particularly, 
it is an object to facilitate the building up of heat 
exchanger units of the aforesaid type wherein 
the pins or the like are bonded to the plates or 
tubes by the employment of furnace brazing tech 
niques. 

It is well known in the furnace brazing art that 
in order to obtain an intimate and effective joint 
there should be a substantial area of close Con 
tact between the parts. (This is inconsistent With 
the basic pin-type heat exchanger construction 
wherein relatively small diameter pins extend be 
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2 
tween or from plates or tubes.) I have found that 
a readily biazed heat transfer element may be 
produced by forming from wire stock a sinuous 
element having columnar legs (which may have 
the Same cross-section as the wire stock), the 
legs being integrally connected at their ends by 
fiattened ligaments. Each of the legs are prefer 
ably perpendicular to the planes of the associated 
flattened ligaments. The edges of the sinuous 
element, which comprise the flattened ligaments, 
may be formed to lie in spaced planes and such 
ligaments provide feet of substantial area that 
Inay be readily brazed to a planar, curved, or 
tubular metal wall. When the sinuous elements 
are aSSembled with their base elements and heated 
the brazing material readily flows between the 
flattened liganents and the plates or tubes, estab 
lishing a perfect brazed connection. Since the 
ligaments only serve to preliminarily connect the 
pins, they may be quite thin, hence the ligaments 
do not interfere appreciably with fluid flow, and 
in fact may serve the desirable function of turbu 
lence promotion. The completed heat exchange 
assembly closely approximates the laboratory 
ideal assembly wherein discrete pins are con 
nected to or between plates or tubes, and may in 
fact surpass it because of the turbulence effect of 
the ligaments. 
A plate or tube type of heat exchange assembly 

formed in this fashion has the advantage that 
the pins act as stays and prevent separation of 
the sheet metal walls or tubes under the action of 
fluid under pressure. 

It is a feature of the invention that the sinuous 
wire elements may be brazed or electrically welded 
between thin metal strips and these strips in turn 
brazed to or between plates. This form makes 
possible the commercial production of a heat ex 
changer aSSembly the exposed surface of which is 
formed of corrosion resistant material Such as 
stainless steel, even though the latter material 
cannot be readily furnace brazed. For example, 
I contemplate that for Such applications the sinu 
ous wire-like elements may be formed of stainless 
Steel Wire resistance-Welded to strips of Stainless 
steel, the Strips being clad on their outer Sur 
faces with a readily brazed material Such as cop 
per or low carbon Steel. These composite strips 
may in turn be furnace brazed to or between 
plates or tubes likewise formed of a readily brazed 
material, and as a result of the furnace brazing 
operation, all the Surfaces exposed to fluid flow 

Yet, 
this assembly is readily completed by the high 
production, economical, furnace brazing process 
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with ordinary commercial equipment without the 
use of fluxes. 
Another object of the invention resides in in 

suring that when sinuous wire elements are 
wrapped around tubes, the pins thereof are Sub 
stantially radial. This is accomplished by form 
ing the connecting flattened ligaments along One 
edge so that they are longer than those along 
the other edge. As a result of this construction 
and by properly proportioning the parts, if the 
shorter ligaments are disposed so as to be at the 
Smaller radius of the coil, the pins Will neces 
sarily be radially disposed. 
Other objects reside in facilitating fluid flow 

past the pins which may be accomplished by i 
forming the pins so as to have an airfoil Sec 
tion, and in increasing the heat transfer co 
efficient which may be accomplished by forming 
the pins to have a corrugated, threaded, or other 
Wise extended Surface. 

it is a feature of a modified form of my in 
vention that two rows of pins may be produced 
fl'Oin a Single Wire. This facilitates handling and 
lenders the element more flexible and is accom 
plished by forming the column elements in stag 
gered roWS with angularly disposed connecting 
ligaments. 
The manner in which these and other objects 

and advantages may be realized will be apparent 
in the following detailed description of the pre 
iferred embodiment of the invention. 

in the drawings: 
FigS. 1 to 6 show various steps in a preferred 

Sequence of forming operations: 
Fig. 1 is a side view of the Wire after flatten ing; 
Fig. 2 is a view of a flattened ligament; 
Fig. 3 shows the wire after the first bending Step; 
Fig. 4 shows the Wire after the second bending Step; 
Fig. 5 is a side view of the completed element; 
Fig. 6 is an edge view thereof; 
Fig. 7 is a Side view showing an element 

bonded between plates; 
Fig. 8 is an end view of a plate-type heat ex change assembly; 
Fig. 9 is a simplified drawing of a cross fioW 

heat exchanger core embodying the invention; 
Fig. 10 shows the elements wound about tubes; 
Fig. 11 ShoWS the sinuous elements are attached 

between strips; 
Fig. 12 shows a modified form of sinuous ele 

ment; 
Fig. 13 shows a form wherein the surfaces pre 

Sented to fluid flow may be made of corrosion 
resistant material; 

Fig. 14 shows the elements laid axially along 
a tube; 

Fig. 15 shows the wire after the flattening step 
for a modified form of sinuous element; 

Fig. 16 is an edge view of the modified form 
resulting from the wire shown in Fig. 5; 

Fig. 17 is a side view thereof; 
Fig. 18 is an end view thereof; 
Fig. 19 shows a modified form wherein the 

pins are of airfoil section; 
Fig. 20 shows another form of airfoil pin unit, 

and, 
Fig. 21 shows how the pin surface may be ex 

tended. 
FigS. 1 to 6 illustrate a preferred form of struc 

tural element formed in accordance with the in 
vention. A Suitable method and apparatus for 
forming such elements will be outlined briefly 
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4 
ne'e and forms the Subject matter of my Copend 
ing application, Serial INo. 342,823, filed March 
17, 1953, and entitled Method and Apparatus for 
Foirning Sinuous Wire Structural and Heat Ex 
citinge Elements. 

the first operation O1 of the element is per 
formed by flattening wire stock at spaced inter 
vals which (as seen in Fig. 1) results in an elon 
gated Wire-like member having legs 9 having 
a CIOSS-Section like that of the Wii'e Stock and 
flattened ligaments . Although it is not neces 
Sary in the broader aspects of my invention, I 
prefer that each liganent have a flattened 
portion 2 with notched corners at the opposite 
Surface, the ligaments being automatically off 
set relative to the legs 9. The flattening opera 
tion may be carried out in any suitable manner, 
aS described in my aforesaid pending application, 
and the zig-zag shape imparted to the Wire as 
Seen in Fig. 1 facilitates the preferred method of 
formation. The ligaments are considerably 
wider and considerably thinner than the legs 
3 and I prefer that their thickneSS be, at most, 

One-half, or better still, one-fourth, of the di 
aimeter of the legs 8, and their width be sub 
Stantially greater than the diameter of legs 0. 
Operation O2 is formed by reversely bending 

the Wire at notches 3, resulting in the form 
ShoWh in Fig. 3. It will be noted that the partial 
ends of the legs are approaching the plane 
of the ligaments opposite the flat surfaces 2 
thereof. 

Operation O3 illustrated in Fig. 4, shows a 
further bending or gathering operation wherein 
the legs are brought into parallel relationship 
and the ends 4 are closely aligned with the outer 
edges of ligaments . It will be noted that when 
bent in this nanner the ends of the legs 0 at a 
given edge of a sinuous element are remote from 
one another. 
The completed sinuous element S is shown in 

FigS. 5 and 6. The outer Surface of ligaments 
&re flattened and coplanar with the fiat ends f4 
of legs 0, thereby providing flat surface 6, which 
may be readily brazed or otherwise bonded to a 
Supporting member, the method of attachment 
depending upon the composition of the metals 
involved. 
Although the sinuous elements shown in Figs. 

5 and 6 may be of rather general utility as struc 
tural units, I contemplate that the units will be 
particularly useful when one or both edges, that 
is One or both rows of ligaments , are bonded 
to Supporting sheets, plates or tubes to form an 
a SSerably which is at once a structural element 
3.ind an efficient heat exchange device. For ex 
aii)ple, as seen in Fig. 7, the sinuous element S is 
bonded between plates or strips 2 of sheet metal 
to foi'in a structural assembly A. The ligaments 
: greatly facilitate the bonding operation be 
cause they, as well as the ends 4 of legs fo, pre 
Seint ample Surface for engagement with the 
sheets 2: With which the elements S may be 
bonded to the sheets by the economical mass pro 
duction furnace brazing process. 
The assembly A is an efficient and effective de 

Vice from both the structural and heat exchange 
Standpoint. Structurally elements act as col 
umns which are recognized as being the most 
efficient utilization of metal for resisting com 
pression as well as tension loads. i.hus, an as 
Sembly Such as that shown in Fig. 7 can be 
made in the form of a composite sheet and used 
as a Structural element wherever a sturdy, light 
Weight plate construction is required, as in bridge 
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decks, aircraft panels, and the like. Assembly A 
also closely approaches the ideal in a heat ex 
change unit, which, as mentioned previously, is 
one wherein a, plurality of pins are extended 
from Or between plates or tubeS. 

It can be seen that the ligaments offer very 
little resistance to finid flow between the plates. 
Furthernore, legs act as stays to prevent Sepa 
ration of the plates if the fluid therebetween is 
under a high pressure. 

Fig. 8 ShoWs an end view of a heat exchange 
assembly H which may be used to build up a 
plate-type heat exchanger (as shown in Fig. 9). 
The sinuous elements S are furnace brazed be 
tween top and bottom sheets 22, and in order 
to restrain the fluid through the unit side walls 
23 are included. 
AS Seen in Fig. 9, units H may be alternated 

with similar units H1 to produce (as indicated by 
the arrows) a croSS-flow, plate-type heat ex 
changer. Units i will have their side portions 
23d disposed perpendicular to the portions 23 to 
properly direct the flow of fluid. A heat ex 
changer produced as shown in Fig. 9 is not only 
the most efficient known, but by employing the 
elements inade in accordance with the inven 
tion may be produced rapidly and economically 
and aSSembled in a naSS production, continuous 
brazing furlace. 

he Sinious elements S are likewise suitable for 
disposition about o' Within tubular fluid con 
ductors. For example, in Fig. 10 an inner tube 
3 has bonded to its iner Surface a Spiral length 
of Sinous element S1. Preferabiy member S1 
has one row of ligaments a longer than the 
inner row b so that the legs will be gen 
erally radial. An outer row of sinuous elements 
S2 may be bonded to the Outside of tube 3 and 
likewise its inner liganents a shorter than 
its outer ones b. 
the external heat eXchange fluid an Outer tube 32 
may be bonded to the ligaments it of the ele 
ments S2. Of course, one or the other of the 
tubes or of the rows of sinuous elements may be 
omitted or other rows may be added including 
additional tubes, according to the Service to 
which the unit is to be put. 

In certain applications I may wish (as seen in 
Fig. ii) to initially bond the elements S between 
elongated parallel Strips, such as A, and these 
strips in turn may he laid side by side and bonded 
between the sheets if so desired. This construc 
tion is useful wherein the elements S are made 
of neta that is difficult to furnace braze, such as 
stainless steel. Under these circumstances strips 
ii may be made of a material that is readily 
brazed, such as ordinary steel, and resistance 
Weided to the ligaments of the strips S. The 
assembly A thus produced may be in turn fur 
nace brazed between sheets of a material amen 
able to such processes because the Strips are 
also of a readily brazed material. Under some 
circumstances brazing material nay also be 
made to flow between any one connected area of 
the Welded joint between ligaments and Strips 
4. 

For use at elevated tenperatures or Where col 
rosive fluids pass over the heat exchange ele 
ments, it may be desirable to insure that all Sur 
faces subjected to the corrosion-inducive fluids 
are of a corrosion-resistant material Such as 
stainless steel. As mentioned before, stainless 
steel is not amenable to ordinary furnace braz 
ing processes, but in the form shown in Fig. 12 
I am enabled to produce a corrosion-resistant 

if it is desired to confine 
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6 
unit wherein only the areas subjected to the cor 
rosive agents are of stainless steel, the remainder 
Of the unit being of ordinary steel. This is ac 
complished by forming the sinuous elements S3 
of a corrosion-resistant metal such as stainless 
Steel. In addition, composite strips 5f are 
formed, each of which consists of a layer of corro 
Sion-resistant metal 52 and a layer of metal 53 
that is readily brazed. Layers 52 and 53 may be 
joined by a known cladding process or by any 
other joining process. The sheets or fluid sepa 
rating members 54 may be formed of a readily 
brazed inetal. The elements S3 are first welded, 
preferably by the resistance process, between the 
strips 5, the strips being turned so that the 
corosion-resistant layers 52 are Welded to the 
ligaments . 
The assembled strip-like units may then be 

laid side by Side between the units 53 and perma 
nently bonded thereto by ordinary furnace braz 
ing processes. The brazing naterial firmly joins 
the partS, including the joints between the edges 
of StripS 5. Thus, it can be Seen that all sur 
faces Subject to the corrosive action of fluids 
passing about the heat exchange element are 
of corrosion-resistant material, but nevertheless 
final aSSembly and bonding is accomplished by 
a high-Speed furnace brazing process. 
A modified form of sinuous element S4 is shown 

in Fig. 13. This is produced by bending the legs 
is relative to the ligaments oppositely from 
that disclosed in Figs. 1 to 6. This brings the 
partial ends is of the legs 3 against the end 
portions of the ligaments. The parts are united 
by the brazing metal which will flow between the 
ends is of the legs and the associated ligament 
portions so that the end politions of the ligament 
portions overlying the ends of the intermedi 
ate portions joined thereby become the fiattened 
ends of the resultant legs 0, respectively. 
Thus, in the form illustrated in Figures 1 

through 5, each sheared end surface of each. 
intern ediate portion becomes an end surface of 
a resultant leg whereas, in the form illustrated 
in Figure 13, the thin ligament metal overlying 
and bonded to the sheared end surface of an 
intermediate portion becomes the end surface of 
the resultant leg. In either event, the heat can 
paSS to and from each leg through its end. 

In the claims, the words “end' or “end surface,' 
When used in referring to the legs are meant to 
include, and to be generic to, the type of leg 
ShOW) in Figures through 5 wherein the Sheared 
end Surface of the intermediate portion is the end 
of the resultant leg and to the type shown in 
Figure 3 wherein the thin overlying portion of 
the ligament bonded to the sheared end surface 
of the intermediate portion is the end of the re 
Sultant leg, except insofar as the words may be 
further specifically limited by other modifying. 
Wording in the claims. 

In either form of the invention, each ligament 
is connected to the sides of its associated result 
ant legs, respectively, and the ends of its associ 
ated legs are substantially flat and flush with its 
wide Smooth outer face portion which extends 
between its associated legs, so that there is 
formed a smooth continuous Suiface, extending 
from the radially outermost limits of its associ 
ated legs across the ends thereof and the Space 
therebetween. 
The end portions of each resultant leg, begin 

ning at the flat ends and extending a Substan 
tial distance therefrom toward the axial mid 
portion of the leg, are preferably straight so that 
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each Such end portion is at an abrupt angle to 
the plane of the surface to which its end face is 
connected. Such an arrangement provides a pin 
fin structure in which the heat can flow to or 
from the wall through the end of the leg. 

In Fig. 14 is illustrated a tubular heat exchange 
device wherein rows of the sinuous elements S 
extend lengthwise along the tube 5, the liga 
ments along one edge being brazed to the sur 
face of the tube. Of course, the element may be 
brazed to either the inner or the outer surfaces 
and other tubes may be added as shown in Fig. 10. 

Figs 15 to 18 show a form which has several 
advantages, an important one being that a two 
rOW element is produced which reduces the num 
ber of pieces that must be handled to build up 
a structural or heat exchange unit. As seen 
in Fig. 15, the wire stock is formed with legs 
0 and flattened ligaments lic, but instead of 

being Coplanar and alternately offset as in prior 
constructions successive ligaments a are angu 
larly disposed relative to one another. For ex 
annple, in the form shown, each ligament is 
turned 45° from the one preceding it so that 
the first and fifth ligaments are parallel but off 
Set Oppositely, and the first and eighth are paral 
lel and offset into the same plane. 
When the wire shown in Fig. 15 is wrapped 

around the proper mandrel and sized, a square 
sinuous element S4a is produced wherein parallel : 
rOWS of Columns of legs 0 are joined by angu 
larly-disposed ligaments ic. If the angular off 
Set between adjacent ligaments in Fig. 15 is 45°, 
the ligaments on one edge of the sinuous element 
Will all be parallel and angularly offset from 3 
those at the other edge by 45°. 
The aforesaid angles are not critical, but are 

determined solely by the angle of twist between 
ligaments c after the first flattening operation. 
The element S4a is somewhat more flexible than 
those shown previously and can readily adapt 
itself to Wrapping about a tube or within a tube. 
Likewise it has a broader base and is more stable 
When arrayed in rows between plates or strips. 
Furthermore, the positioning of every element, 
in effect, results in the positioning of two rows 
of structural or heat exchange pins instead of 
Ole. 

Fig. 19 is an enlarged cross-section of the legs 
or columns 60 in a modified form of strip S5 
wherein the wire stock is preformed into an air 
foil section. It will be recognized that the col 
umns or legs Will necessarily produce turbulence 
in the fluid stream and in Some applications 
it may be desirable to facilitate fluid flow past the 
pins with Some reduction in turbulence. This 
may be accomplished by arranging the sinuous 
strips formed from airfoil section stock wherein 
fluid flows across the ligaments, as shown in 
Fig. 19. 

It is also possible to form the legs into an air 
foil Section during the forming operations that 
produce the sinuous strips, in which case the 
assemblies S6 may be arranged for flow parallel 
to the ligaments as seen in Fig. 20. 
As seen in Fig. 21, where maximum heat trans 

fer is desired the legs 62 of units S7 may be 
formed to provide an extended surface as by 
grooving, threading, or similar operations, pei'- 
formed either on the Wire Stock or during the 
operations that form the sinuous elements. 
Of course the relative size and proportioning 

of the elements depends upon the nature and 
function of the heat eXchanger or structural ele 
ment. For heat exchanger application, for ex 
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8 
ample, typical proportions and sizes may range 
from pins or legs of .025' diameter, 6' long 
and Spaced .060' apart to pins 4' in diameter, 
%' long and spaced its' apart. Obviously, still 
larger elements may be produced. 
Although I have, throughout this specification, 

made special emphasis on the heat exchange ap 
plications of my invention, as mentioned pre 
viously I contemplate that my sinuous elements 
may also be used to produce structural panels, 
decks, foil Sections, and the like of an exceed 
ingly light and strong construction. 

I contemplate that the term "metal that is dif 
ficult to braze' refer's to ninetals having stable 
oxides, that is, oxides that have a low dissocia 
tion pressure. Chromium and its alloys, for ex 
almple, fall within this group. Conversely, the 
expression 'readily brazed metal' refers to a 
lietal or alloy having oxides of a high disassocia 

Copper, iron, Steel, etc. are ex 
annples of metals that fall within this group. 

Having completed a detailed description of my 
invention so that other's Skilled in the art may 
practice the Salne, it Will be apparent that other 
forms thereof may be provided Without depart 
ing from the essence of the invention as defined 
in the appended clailins. 
What is claimed is: 
1. A pin assembly for the general purposes de 

scribed and comprising a length of Wire of snnall 
diarieter having ligament portions alternating 
with intermediate portions along its length, each 
of said intermediate portions being integrally 
connected at its ends with the ligament portions, 
respectively, between which it is disposed, each 
of Said liganent portions being Wide and thin 
relative to the intermediate portions which it 
coniaccts and defining a pair of generally flat 
tened oppositely disposed faces, each intern ediate 
poition, at its juncture with each ligament por 
tion to which it is connected, having the major 
gol'tion of its CrcSS Section exposed at approx 
imately 90° to, and intersecting, one face of said 
pair of faces, said one face of Said pair of faces 
being offset inwardly of the wire from one sur 
face thereof, the junctures of Said ligament por 
tions with the intermediate portions being readily 
bendable whereby the assembly may be bent into 
Sinusoidai Shape by SWinging each intermediate 
portion clockwise about its juncture with one of 
its ligament portions and counterclockwise about 
its juncture with the other of its ligament por 
tions. 

2. A pin assembly according to claim 1 charac 
terized in that the Said offset face of each liga 
ment is offset from Said one surface of the wire 
inWardly beyond the axis of the wire. 

3. A pin assembly according to claim 2 charac 
terized in that, progressively from one end of 
the assembly to the other end, each ligament 
portion is offset, circumferentially of the axis of 
the Wire, through a predetermined angle from 
the one next adjacent to it. 

4. An assembly according to claim 3 character 
ized in that Said angle is 180°. 

5. An aSSembly according to claim 3 character 
ized in that said angle is 45°. 

6. An aSSembly according to claim 1 character 
ized in that alternate ones of said ligament por 
tions are of the same length as each other and 
the said ligament portions therebetween are of the 
Sane length as each other but are of a different 
length than Said alternate ligament portions. 

7. A member for the purposes described and 
comprising a length of Small diameter Wire hav 
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ing ligament portions alternating with interme 
diate portions along its length, each of said in 
termediate portions baing integrally connected 
at its ends with the ligainent portions, respec 
tively, between which it is disposed, said ligament 
portions being wide and thin relative to the in 
termediate portions of the wire therebetween and 
defining inner and outer faces, said wire being 
in corrugated for in Wikin tha ligament portions 
defining the crests of the corrugations and the 
intermediate portions defining the sides of the 
corrugations, said intermediate portions having 
sheared end surfaces, espectively, and provid 
ing with the liganent portions resultant Con 
nected legs each of which legs is straight at its 
end portions, extends at an abrupt angle to the 
outer faces of its connecting ligament portions, 
and has substantially flat, ends each of which is 
substantially iliush with the outer face of its aS 
Sociated connectad ligament portionS. 

8. A member according to claim 7 character 
ized in that each one of each pair of interme 
diate portions connected by an associated liga 
ment, portion is connected to its associated liga 
ment portion at the part of its end boundary 
which is nearest to the other intermediate por 
tion of the pair. 9. A member according to claim 7 character 
ized in that each one of each pair of interme 
diate portions connected by an associated liga 
ment portion is connected to its associated liga 
ment portion at the part of its end boundary 
which is farthest from the other intermediate 
portion of the pair, and each ligament portion 
has end portions juxtaposed in face to face rela 
tion against, and brazed to, the ends of its aSSO 
ciated intermediate portions and providing the 
ends of the resultant legS. 

10. A member according to claim 7 character 
ized in that the outer faces of the ligament por 
tions and ends of the resultant legs connected by 
the ligament portions at one edge of the mem 
ber are brazed to a metal wall element in face 
to face relation thereo. 11. A member according to claim 10 charac 
terized in that each one of each pair of inter 
mediate portions connected by an associated liga 
ment portion is connected to its associated liga 
ment portion at the part of its end boundary 
which is nearest to the other intermediate por 
tion of the pair. 12. An article according to claim 10 charac 
terized in that the flat end of each resultant leg 
is at substantially 90° to the axis of the resultant 
leg. 13. An article according to claim 10 chara,c- 
terized in that each one of each pair of inter 
mediate portions connected by an associated liga 
ment portion is connected to its associated liga 
ment portion at the part of its end boundary 
which is farthest from the other intermediate 
portion of the pair, and each ligament portion 
has end portions juxtaposed against, and brazed 
to, the ends of its associated intermediate por 
tions and providing the ends of the resultant 
legS. 

14. A member according to claim 7, charac 
terized in that the crests are at the edges of 
the member, and the ligament portions at one 
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edge of the member are arranged in a row which 
extends endwise of the member and are parallel 
to each other and seach extends so that a line 
froin the axis of one of its legs to the axis of the 
other of its legs is on a bias transversely of the 
row at a predetermined angle, and the ligament 
portions at the other edge of the member are ar 
ranged in a row which extends endwise of the 
member and are parallel to each other and each 
extends so that a line from the axis of One of its 
legs to the axis of the other of its legs extends 
on a bias transversely of the row at a predeter 
mined angle different from said first mentioned 
angle, and such that the projections of the Said 
lines of said liganent portions on a common Sur 
face parallel to the edges of the member are in 
zig-zag relation with respect to each other. 

15. A member according to claim 10 further 
characterized in that, at the other edge of the 
member, the outer faces of the liganent portions 
and the ends of the resultant legs connected by 
the last mentioned ligament portions are brazed 
to a metal wall element, in face to face relation 
thereto. 16. A member for the purposes described and 
comprising a length of Small diameter wire hav 
ing ligament portions alternating With interme 
diate portions along its length, each of Said in 
termediate portions being integrally connected 
at its ends with the ligament portions, respective 
ly, between which it is disposd, said ligament 
portions being wide and thin relative to the in 
termediate portions Of the Wire therebetween and 
defining inner and outer faces, said Wire being in 
corrugated form. With the liganent portions de 
fining the crests of the corrugations and the in 
termediate portions defining the sides of the cor 
rugations, said intermediate portions having 
sheared end Surfaces, respectively, and providing 
With the ligament portions resultant connected 
legs each of Which legs is straight at its end por 
tions, extends at an abrupt angle to the outer 
faces of its connecting ligament portions, said 
sheared end surfaces being flat and substantially 
flush. With, and exposed in their entirety at, the 
outer face of its associated connected ligament 
portions and each forming a continuation of the 
Outer face of its associated connected ligament 
portion. 

17. A member according to claim 16 charac 
terized in that the outer faces of the ligament 
portions and said sheared end surfaces of the re 
Sultant legs connected by the ligament portions 
at One edge of the member are brazed to a metal 
Wall element in face to face relationship thereto. 
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