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This invention relates to improvements in heat 
transferring apparatus. More particularly, the 
invention relates to an apparatus adapted for 
use in indirect heat exchanging operations in 
Wolving the transfer of heat from one fluid to 
another. The invention includes an improved 
heat transferring element as well as a complete 
assembly including two or more of the improved 
heat transferring elements of the invention. 
The invention provides improved heat transfer 

apparatus in which the ratio of the flow area and 
the surfaces exposed to the fluids between which 
heat is to be transferred is maintained at the 
value most advantageous for the particular flu 
ids concerned, regardless of whether the service 
involves the transfer of heat from a gas to a 
liquid, from a vapor to a liquid, from One liquid 
to another liquid, or from a gas to a vapor or 
Vice Versa. The invention also provides an ap 
paratus in Which the Velocity of flow of both 
fluids may be maintained at a value most ad 
vantageous for the transfer of heat from that 
fluid to a fixed surface, irrespective of the ratio 
of the Surfaces exposed to the fiuids. 
The improved heat transferring element of the 

present invention comprises an integral elon 
gated base member having a plurality of rela 
tively Small passages extending longitudinally 
therethrough. The provision of a plurality of 
relatively Small passages, increases the internal 
surface available for heat transfer in relation 
to the croSS-Sectional area and makes practical 
increased Velocity of fluid flow for turbulence. 
The relatively small passages are advantageously 
arranged at approximately equal distances from 
the periphery of the base member so that heat 
transmitted to the Outer Surface Will be approx 
imately equally distributed to the several pas 
sages and vice versa. A series of outwardly ex 
tended fins are Spaced along the periphery of 
the base member to increase its external surface 
and to direct and distribute the flow of fluid 
contacting With the exterior Surface. 
The improved assembly of the invention com 

prises a group of two or more of the improved heat 
transferring elements parallelly arranged within 
a jacket, designed to conform approximately to 
the lateral surfaces of the group of heat trans 
ferring elements, and removable connecting 
means joining the adjacent extremities of the 
heat transferring elements as hereinafter more 
fully described. The assembled apparatus is of 
exceptionally simple and rugged construction 
which provides for easy access to the interior 
of the assembly, The interior of any of the in 

proved heat transferring elements is also readily 
accessible without necessitating its removal from 
the jacket. It is a further advantage of the in 
proved heat transfer apparatus of the invention 
that the fins surrounding the base members and is 
the jacket, arranged to approximately conform to 
the lateral surfaces of the heat transferring ele 
ments, co-operate to promote uniform distribu 
tion of the fluid contacting with the external 
Surface of the heat transferring elements and 0 
to confine a fluid flowing transversely to the axis 
of the heat transferring elements so as to assure 
maximum efficiency of the heat transferring sur 
faces around the entire periphery of the heat 
transferring elements. 
The invention Will be further described in con 

nection. With the accompanying drawings which 
illustrate several modified forms of apparatus 
embodying the invention and further advantages 
of the invention will be apparent from this fur- 20 
ther description, but it is intended and will be 
understood that the invention is illustrated there 
by and not limited thereto. In the drawings: 

Fig. 1 is an elevation, partly in Section and 
with parts broken away, of a completely as- 25 
sembled heat exchanger embodying the inven 
tion and including Several of the improved heat 
transferring elements of the invention. 

Fig. 2 is an elevation from the left side of the 
apparatus shown in Fig. 1. With the upper U 30 
shaped heat transferring element and its cover 
plate removed. 

Fig. 3 is a sectional view of the assembly shown 
in Fig. 1 taken along line 3-3. 

Fig. 4 is an elevation from the right side of the 35 
assembly shown in Fig. 1. 

Fig. 5 is a fragmentary Sectional View illus 
trating one of the joints between the heat trans 
ferring elements and the exterior return bend 
connections. 

Figs. 6, 7 and 8 are transverse sections of a 
group of heat transferring elements adapted for 
different services with the same jacket. 

Figs. 9, 10 and 11 are transverse sections of a similar group of heat transferring elements of a 
modified form, 

Figs, 12, 13 and 14 are fragmentary elevations 
of heat transferring elements showing several 
different fin arrangements. 50 

Figs. 15 and 16 show a transverse section and 
a fragmentary elevation, respectively, of One of 
the improved heat transferring elements embody 
ing another modified and novel fin arrangement. 

Fig. 17 is an elevation of one of the U-shaped sis 
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2 
heat transferring elements illustrated in Fig. 1 
when removed from the jacket. 

Fig. 18 is an elevation of a simplified form of 
heat transferring element embodying the in 
vention. 
The assembled heat exchanger illustrated in 

Figs. to 4 comprises a jacket f in which a row 
of U shaped heat transferring elements 2 are ar 
ranged. The heat transferring elements shown 
in this assembly are of the type illustrated in 
FigS. 6, 7 and 17, which include a base member 
having a single passage extending longitudinally 
along the central axis and a plurality of rela 
tively Small longitudinal passages spaced around 
the central passage at an approximately equal 
distance from the periphery of the base member. 
In an assembly of the type illustrated in Figs. 1 
to 4 including heat transferring elements pro 
vided with a central passage, the central passage 
is preferably closed at both ends, for example, 
by plugs 3, to restrict the fluid flow to the rela 
tively small Outer passages in order that the 
transfer of heat to or from the fluid within the 
passages may be more uniformly distributed and 
in order that the fluid within the passages may 
be brought in closer proximity to the other heat 
interchanging fluid. A number of fins or flanges 
are spaced along the outer surface of the base 
member. These fins or flanges may advanta 
geously be arranged, as shown, to form an inter 
rupted helix. This type of fin or flange arrange 
ment is described in U. S. Patent No. 1,658,025, 
issued to Clive M. Alexander, February 7, 1928. 
The lateral sides of the jacket are corrugated 

and symmetrically arranged so that the alternate 
extended and indented surfaces will conform ap 
proximately to the lateral surfaces of the row of 
heat transferring elements. The transverse dis 
tance between the indented portions of the cor 
rugated side walls of the jacket is sufficiently 
great to permit the U bends at the inner extremi 
ties of the heat transferring elements to pass be 
tween them so that the heat transferring ele 
ments may be inserted or withdrawn from the 
jacket as desired. The interior of the jacket is 
provided at one end with recesses 4 adapted to 
receive the bent ends of the heat transferring 
elements. The other end of the jacket is provided 
with a flange 5 to which the cover plates 6, adja 
cent the outer ends of the heat transferring ele 
ments, are secured. The jacket extends above 
and below the row of heat transferring elements 
to form distributing chambers 7 and 8. At one 
or both ends of the jacket and communicating 
with the distributing chambers tapped openings 9 
and O are provided to permit a fluid heating or 
cooling medium to be introduced into and dis 
charged from the jacket. Baffles f and 2 (Fig. 
3) serve the dual purpose of supporting the heat 
transferring elements in spaced relation and of 
co-operating with the corrugated side walls of 
the jacket to direct the fluid flow around the 
heat transferring elements in order to promote 
effective heat transfer through the Surfaces be 
tween adjacent heating elements as well as 
through the lateral surfaces of these elements. 
Where the U bend type of heat transferring ele 
ment is employed alternate pairs of baffles may 
advantageously be supported in recesses in the 
inner walls of the jacket so that lower heat trans- . 
ferring elements may be removed from the jacket 
without disturbing higher ones. Adjacent ex 
tremities of successive heat transferring elements 
are connected by return bends f3 which are Se 
cured to the cover plates 6 and held firmly against 

2,022,178 
the end of the heat transferring elements. These 
return bends are of large diameter so that when 
they are removed the interior of all of the rela 
tively small passages extending through the heat 
transferring elements is accessible for inspection 5 
and cleaning. The relatively Small passages may 
be readily cleaned, for example, merely by re 
moving the exterior return bend connections and 
inserting a tube cleaner. Rattling of the inner 
tube surface in this manner naturally Will shake 10 
incrustations off of the outer fins. However, 
when access to the outer surface of any One of 
the heat transferring elements becomes neces 
sary the cover plate may be removed and the 
heating element withdrawn. It will be noted 15 
that in the illustrated assembly all joints are . 
outside of the jacket so that intermingling of 
fluids through leaky joints is precluded. 
The simplified form of heat transferring ele 

ment illustrated in Fig. 18 may be used in place 20 
of the U bend elements, if desired. However, 
the use of this simpler form of heating element 
in an assembly similar to that illustrated in Figs. 
1-4 would require a more complicated jacket 
structure with cover plates and removable con- 25 
nections at both ends of the jacket and the pro- . 
vision of means to compensate for expansion. 
Straight heat transferring elements of the type 
having a central passage, however, may advan 
tageously be arranged to permit fluid flow in one 30 
direction through the relatively Small outer paS 
sages with return flow through the central pas 
sages thereby entirely eliminating connections 
between adjacent heating elements at One end. 
The improved heat transferring elements of the 35 
invention of either the U form or the simpler 
form, may be used in furnaces or boxes Without 
the provision of a special jacket. Various ar 
rangements can be made of multiple lengths and 
widths to adapt the heat transferring elements 40 
to the container so as to obtain efficient heat 
transfer. 
The group of heating elements shown in Figs. 

6 to 8 inclusive are all adapted for use for dif 
ferent services with the same jacket. The out 45 
side diameter of the fins or flanges is the same in 
each instance so that any one of them may be 
substituted for any other one where it is desirable 
to change the heat transferring service, for ex 
ample, from liquid to liquid service to gas to 50 
liquid service. Thus an assembly equipped with 
the type of heat transferring elements illustrated 
in Fig. 6 is adapted for service involving the 
transfer of heat from one liquid to another lid 
uid and may have, for example, a ratio of ex 
ternal surface to internal surface of 1% to 1, ex 
cluding the internal surface of the central pas 
sage. The ratio of the external flow area to the 
internal flow area in an assembly equipped with 60 
this type of heating element may be about 9 to 1 
excluding the flow area of the central passage. 
A similar assembly but with the elements illus 
trated in Fig. 7 substituted for the elements illus 
trated in Fig. 6 would be advantageously adapted 65 
for service involving the transfer of heat between 
a vapor and a liquid. The ratio of external Sur 
face to internal surface in such an assembly ad 
vantageously may be about 32 to 1 and the ratio 
of flow areas, external to internal, about 25 to 1, 70 
excluding the central passages in both instances. 
A similar assembly equipped with the heat trans 
ferring elements illustrated in Flg. 8 would be 
advantageously adapted for service involving the 
transfer of heat between a gas and a liquid. The 75 
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ratio of external to internal surface in such an 
assembly advantageously may be about 9 to 1 
and the ratio of flow areas, external to internia, 
about 76 to 1. It Will be obvious that in each 
of the above services the fluid supplied to the 
interior of the heat transferring element is a 
liquid. However, although a liquid is used as one 
of the fluids in each case in the specific group of 
heat transferring elements referred to above, it 
will be obvious that a similar group may be used 
for heat transferring operations between vapors 
and gases. Wherein no liquid is involved. 

Figs. 9, 10 and 11, illustrate modified forms of 
heat transferring elements in which the trans 
verse section of the base member is oval shaped 
and the central passage is eliminated. The ele 
ments of this group may be adapted to different 
services in the same manner as the elements 
illustrated in Figs. 8, 7 and 6, respectively. The 
elements illustrated in Figs. 9 to 11 however, are 
not interchangeable in the same jacket, although 
the base member is the same throughout the 
group so that the same connections may be used. 

Figs. 12 to 16 show fragmentary views of heat 
transferring elements with different fin arrange 
ments, each of which has special advantages. 
These fin arrangements are shown as applied to 
heat transferring elements of circular cross-sec 
tion but they are equally adaptable to elements 
of Oval Section. The fin arrangements shown in 
Figs, 12 and 13 consist of flanges 4 forming ap 
proximately one complete turn, more or less, of 
a helix. These flanges are positioned along the 
base member so as to form an interrupted helix 
as described in Alexander Patent No. 1,658,025. 
In the fin arrangement shown in Fig. 12, the 
flanges are positioned somewhat closer together 
than the pitch of the helix so that the flanges 
overlap, while in the arrangement shown in Fig. 
13 successive flanges are positioned at distances 
somewhat greater than the pitch of the helix. 
The fin arrangement illustrated in Fig. 14 con 

sists of a series of annular flanges 5 which are 
joined by a longitudinal spacing web f6 extending 
along the upper surface of the element. This web 
arrangement is also used to advantage with the 
helical flanges and serves the dual purpose of 
strengthening the transverse flanges and promot 
ing a more even distribution of the fluid contact 
ing with the outer surfaces of the heat trans 
ferring elements. This longitudinal web is ad 
vantageously positioned along the edges of the 
heating elements with which the fluid passing 
over the heat transferring elements first contacts. 

Figs. 15 and 16 illustrate a transverse section 
and fragmentary elevation, respectively, of a heat 
transferring element provided with a novel seg 
mental fin arrangement. This fin arrangement 
consists of two longitudinal webs along oppo 
site sides of the heat transferring element with 
spaced transverse flanges 8 extending around 
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the heat transferring element between the lon 
gitudinal webs. This form of fin arrangement 
has the advantage that a heat transferring ele 
ment equipped therewith is symmetrical While at 
the same time the uniform distribution and tur 
bulence effected by the interrupted helical fin 
structure is obtained to a great extent. 
The improved heat transferring elements of the 

present invention may be formed of cast metal, 
for example, iron, steel or aluminum. However, 
for extremely high temperature Service heat. 
transferring elements may be constructed of a 
tube bundle positioned around a central tube with 
the outer fins cast or pressed on the tube bundle. 
Ps 

3 
I claim: 
1. An improved heat transferring element 

comprising an integral base member bent in the 
form of a U having relatively long straight Sec 
tions, a plurality of relatively small passages ex- 5 
tending longitudinally through each of said 
straight sections and a passage through the bent 
portion of the base member connecting the rea 
tively small passages in the straight sections, a 
plurality of generally transverse fins spaced lon- 10 
gitudinally along the straight Sections of Said 
base member and extending outwardly from the 
outer surface thereof and a longitudinal web ex 
tending along one side of each of said straight 
sections between the transverse fins, said longi- 15 
tudinal webs being arranged in the plane includ 
ing the axes of both Straight sections and extend 
ing outwardly from the surface of the straight 
sections in the same direction. 

2. An improved heat transferring element com- 20 
prising an integral base member bent in the form 
of a U having relatively long straight sections, a 
plurality of relatively small passages extending 
longitudinally through each of said straight Sec 
tions and a passage through the bent portion of 25 
the base member connecting the relatively small 
passages in the straight sections, a plurality of 
generally transverse fins spaced longitudinally . . 
along the straight sections of said base member 
and extending outwardly from the outer Surface 30 
thereof and longitudinal webS extending along 
the upper and lower sides of said straight sec 
tions between the transverse fins. 

3. In heat transferring apparatus the improve 
ment comprising the combination of a jacket 85 
having symmetrically corrugated lateral walls, a 
plurality of elongated heat transferring elements 
with connections therebetween, successive elon 
gated heat transferring elements being posi 
tioned parallel to the corrugations in the lateral 40 
side walls of the jacket and centrally located be 
tween outwardly extending corrugations, and in 
let and outlet openings in said jacket commu 
nicating directly with the space Surrounding Said 
heat transferring elements, said openings being 45 
oppositely spaced beyond said heat transferring 
elements. . 

4. In heat transferring apparatus the improve 
ment comprising the combination of a jacket 
having symmetrically corrugated lateral walls, 
a plurality of elongated integral heat transfer 
ring elements each having a plurality of relative 
ly small passages extending longitudinally there 
through, connections between the ends of adja 
cent heat transferring elements, successive elon 
gated heat transferring elements being posi 

55 

...tioned parallel to the corrugations in the lateral 
side walls of the jacket and centrally located be 
tween outwardly extending corrugations, and in 
let and outlet openings in said jacket communi 
cating directly with the space surrounding Said 
heat transferring elements. 

5. In heat transferring apparatus the improve 
ment comprising the combination of a jacket 
having symmetrically corrugated lateral Walls, 
inlet and outlet openings in said jacket, a plu 
rality of elongated heat transferring elements 
with connections therebetween, Successive elon 
gated heat transferring elements being posi-70 
tioned parallel to the corrugations in the lateral 
side walls of the jacket and centrally located be 
tween outwardly extending corrugations, and 
baffles between successive heat transferring ele 
ments adapted to support the heat transferring 75 

60 
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elements and to restrict the width of the jacket 
between the heat transferring elements. 

6. In heat transferring apparatus, the improve 
ment comprising an improved heat transferring 

5 element comprising an integral base member bent 
in the form of a U having relatively long straight 
Sections, a plurality of relatively small passages 
extending longitudinally in each of said straight 
Sections and positioned at substantially the same 

10 distance from the periphery of the straight sec 
tions, at least one passage through the bent por 
tion of the base member connecting the relatively 
Small passages in the straight Sections, a trans 
verse cover plate surrounding both of the straight 

15 Sections near their free ends, and means for di 
recting and confining the flow of fluid in one di 
rection through said straight sections to said 
plurality of relatively Small passages. 

7. In heat transferring apparatus, the improve 
20 ment comprising an improved heat transferring 

element comprising an integral base member 
bent in the form of a U having relatively long 
straight sections, a plurality of relatively small 
passages extending longitudinally through each 

25 of said straight sections and positioned at Sub 
stantially the same distance from the periphery 
of said straight sections, at least one passage 
through the bent portion of the base member 
connecting the relatively Small passages in the 

30 straight sections, and means for directing and 
confining the flow of fluid in one direction 
through said straight sections to Said plurality 
of relatively Small passages. 

8. In heat transferring apparatus, the improve 
35 ment comprising an improved heat transferring 

element comprising an integral base member 
bent in the form of a U having relatively long 
straight sections, a plurality of relatively Small 
passages extending longitudinally through each 

40 of said straight Sections and positioned at sub 
stantially the same distance from the periphery 
thereof, at least one passage through the bent 
portion of said base member connecting the rela 
tively small passages in the straight sections, a 

45 plurality of generally transverse fins spaced lon 
gitudinally along the straight sections of said 

base member and extending outwardly from the 
outer surface thereof, and means for directing 
and confining the flow of fluid in One direction 
through said straight sections to said plurality 
of relatively Small passages. 

9. In heat transferring apparatus, the improve 
ment comprising an improved heat transferring 
element comprising an integral base member bent 
in the form of a U having relatively long straight 
Sections, a plurality of relatively small passages 10 
extending longitudinally through each of said . 
Straight Sections and positioned at Substantially 
the same distance from the periphery thereof, at 
least one passage through the bent portion of the 
base member connecting the relatively small pas- 15 
Sages in the straight Sections, a plurality of gen 
erally transverse fins spaced longitudinally along 
the straight sections of said base member and 
extending outwardly from the outer surface 
thereof, a transverse cover plate surrounding 20 
both of the straight sections near their free ends, 
and means for directing and confining the flow 
of fluid in one direction through said straight 
Sections to said plurality of relatively small pas 
SageS. 25 

10. In heat transferring apparatus, the in 
provement comprising the combination of a jack 
et having symmetrically corrugated lateral walls, 
a plurality of elongated heat transferring ele 
ments comprising integral base members each 30 
having a plurality of relatively small passages 
extending longitudinally therethrough, connec 
tions between the ends of adjacent heat trans 
ferring elements, successive elongated heat trans 
ferring elements being positioned parallel to the 35 
corrugations in the lateral side walls of the 
jacket and Centrally located between the out 
Wardly extending corrugations, a plurality of 
generally transverse fins positioned longitudinal 
ly along Said base members and extending out- 40 
wardly from the outer surface thereof, and inlet 
and outlet openings in said jacket communicating 
directly with the space surrounding said heat 
transferring elements. 

CLIVE M. ALEXANDER. 


