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My invention relates to heat exchangers 
and has specific reference to the general type 
of exchanger in which a transfer of heat is 
effected between, non-contacting fluid me 
diums. 
In heat exchange devices such as boilers, 

oil stills, evaporators and similar apparatus, 
it is often highly desirable from a manufac 
turing standpoint to use sets of certain so 

to called “standard’ dimensions. These types 
of structures are further often designed for 
service wherein the operating conditions may 
be materially changed after the unit is placed 
in service. For example, in the case of boil 

as ers and oil stills, the type of fuel used may 
be changed, and in the case of stills and chem 
ical apparatus the character of the liquid to 
be heated or cooled may vary within wide 
limits. 

20 The present invention has for its principal 
object the provision of a form of heat ex 
changer which will enable widely varying 
operating conditions to be met by a struc 
ture of standard form and dimensions. A 

25 further object is the provision of a form of 
heat exchanger which after being assembled 
may have its characteristics so altered that 
it may be rendered suitable for operating 
conditions other than those for which it was 30 originally designed. More specifically, the 
object of the invention is the provision of 
apparatus in which a plurality of heat ex 
change tubes are placed in the confined path 
of a heat absorbing or rejecting fluid in such 
a manner that the free flow area for said fluid, 
and consequently its velocity, may be varied 
in any given passage. A still further object 
of the invention is the accomplishment of 
the above objects by the use of heat exchange 
elements of a type wherein the free flow area 
past such elements through any given pas 
sage may be varied by the rotation of said 
elements around their longitudinal axes. 
Further and more detailed objects of the in 
vention together with the advantages to be 
derived from its use will become apparent 
from a perusal of the ensuing detailed de 
scription of preferred embodiments of the 
invention which I have illustrated in the 
accompanying diagrammatic drawings, in 

45 

which Figs. 1a, 1b, and 1c are transverse sec 
tions taken through the same apparatus in 
different positions. Fig. 2 is a longitudinal 
section taken through one form of apparatus 
embodying the invention, Fig. 3 is a section 
similar to Fig.2 showing apparatus embody 
ing another form of the invention, and Fig. 
4 is a fragmentary elevation on an enlarged 
scale of part of the structure shown in Fig. 3. 

Referring now to Fig. 1a, I have shown 
diagrammatically a passage 1, defined by 
walls 2, and adapted to convey absorbing or 
rejecting fluid in either of the directions indi 
cated by the arrow in the figure. . 

Located transversely of the flow of fluid 
through passage 1 are a plurality of fluid car 
rying elements, each of which comprises a 
plurality of individual pipes 3 which are 
joined at their ends to form single end por 
tions 4, the latter being secured in suitable 
headers, connected by return bends. 
The specific arrangement of these elements 

with respect to their spacing in rows, etc., 
may be widely varied within the scope of the 
invention, but for purposes of illustration I 
have shown these elements arranged in hori 
zontal rows, with the elements staggered with 
respect to each other vertically. In Fig.1a. I 
have shown the elements arranged with the 
individual pipes 3 set horizontally with re 
spect to each other in the individual units, 
and it will be readily apparent from the fig 
ure that with this arrangement, the minimum 
free flow area is provided for the fluid passing 
these elements. In Fig.1b I have shown the 
same apparatus with the elements rotated 
about their longitudinal axis substantially 45 
deg. from the position shown in Fig. 1a, and 
it will be evident that with this arrangement 
the free flow area round these elements 
through passage 1 has been materially in 
creased. In Fig. 10 the same apparatus is 
shown with the elements rotated 90 deg. from 
the position shown in Fig. 1a, and it will be 
seen that in this position the maximum-free 
flow area is provided past the elements. It 
will further be apparent that this change in 
the free flow area through the passage 1 is 
effected without in any way necessitating a 
change in the structure of the apparatus as a 
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ably spherical or conical. 

2 

whole, and that any desired variation in the 
free flow area through a given structure may 
be readily varied from the minimum, as es 
tablished by the position shown in Fig. 1a, 
to the maximum, as established by the posi 
tion of the elements in Fig. 1c, merely by the 
rotation of the elements about their longi 
tudinal axes. 
While I have shown, for purposes of illus 

tration, elements having the minimum num 
ber of individual pipes, and with the pipes 
of the same diameter, it will be readily ap 
parent to those skilled in the art that ele 
ments having three or more individual pipes, 
of the same or different diameters, joined to 
form single end sections may be utilized in 
precisely the same manner as the elements 
herein illustrated. 
In Fig. 2 I have shown a section taken 

longitudinally of the elements, in which the 
assage 1 is defined by the side walls 2 and 
E. 30. The flow of fluid through the 
passage 1 is at right angles to the plane of 
the paper, and in this instance the units are 
formed with single cylindrical ends 4 adapt 
ed to be rolled or otherwise suitably secured 
in the inner walls 5 of headers 30, the latter 
being provided with suitable handholes or 
cover plates 6. With the element ends formed 
in this manner the apparatus is not adapted 
to be changed readily after having been 
originally assembled, but the invention en 
ables an apparatus of this character and of a 
certain standard size to be adapted to various 
types of service, because of the various posi 
tions in which the elements may be initially 
Set. 
In Fig. 3 I have shown the apparatus, in 

a section similar to Fig. 2, constructed in a 
form suitable for change or adjustment of 
the units after the apparatus as a whole has 
been assembled. In this form the element ends 4 are provided at their ends with upset 
or other suitably formed rings 7, the latter 
being ground to form suitable seats, prefer 

Header boxes 8 
seat against rings and are held in place by 
means of the studs 10, which pass through 
suitable bosses on the header boxes and are 
screwed into ears formed on the clamp rings 
9 which seat against the opposite faces of 
rings 7. 

It will be evident from an inspection of the 
figure that by simply loosening the connec 
tions between the header boxes 8 and the ele 
ment ends 4 that the elements may be freely 
rotated to any desired position and then 
again clamped in position between the header 
boxes to secure the necessary fluid-tight 
joints. While in Fig. 2 I have shown the 
elements permanently secured in headers im 
posing parallel flow through the elements, 
and in Fig. 3 I have shown the elements ad 
justably mounted between header boxes im 
posing series flow through the tubes, it is to be 
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understood that the manner of securing the 
elements, that is, either permanently or ad 
justably, is not in any way dependent upon 
the manner in which the elements may be 
assembled with respect to the fluid flow there 
through. It is to be noted, however, that the 
type of end joint shown in Fig. 3 is not well 
suited for use in connection with headers 
receiving a large number of tubes, such as 
headers 30 in Fig. 2, for if the adjustable 
type of element is used between such headers, 
it will be apparent that all of the elements 
joining any two headers must be of exactly 
the same finished overall length if tight 
joints are to be secured, and that any unequal 
expansion of elements between s: headers 
would tend to produce leaky joints. For 
these reasons, I prefer to use individual head 
er boxes such as those shown at 8 in Fig. 3, 
at least at one end of the elements, as far as 
possible where the adjustable type of element 
is used. 
As mentioned above, this type of structure 

is particularly adaptable for use in boilers, 
oil stills and similar apparatus where the 
fluid carried by the elements is under high 
pressure, and for this reason, I prefer to use 
integral elements of the type illustrated, in 
which the end sections 4 of the elements are 
formed integrally from pipes 3, as by the 
forging process shown in Patent No. 
1169,209 issued January 25, 1916, to C. H. 
True and N. T. McKee, followed by the 
initial steps of the process shown in Patent 
No. 1,155,110 ited September 28, 1915, to 
the same inventors. The end sections 4 of 
the elements may, however, equally well be 
made by welding or, in cases where the ele 
ments are not to be subjected to extreme in 
ternal pressures, the elements may, if de 
sired, be built up by the use of individual 
pipes threaded or otherwise suitably secured 
in Y fittings, the bottom portions of which 
may be extended and either expanded into 
suitable headers or formed with suitable end 
seats for the purpose of adjustable clamping. 
From the foregoing description it will be 

apparent that the present invention may be 
applied in a wide variety of specific forms 
and arrangements. The illustrative ex 
amples of the invention herein disclosed are, 
therefore, to be taken as illustrative only 
and not limiting in sense, and the scope of the 
invention is to be limited only by that of the appended claims. 
I claim: 
1. In apparatus of the class described, the 

combination with a passage adapted to con 
vey aheat absorbing or rejecting fluid, of a 
plurality of heat exchanging elements dis 
posed in said passage at an angle to the line 
of fluid flow therethrough, each of said ele 
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ing said end sections, said intermediate sec 
tion comprising a plurality of pipes, fluid 
conveying members connected by said ele 
ments, and means for detachably securing 
said elements to said members. 

2. In apparatus of the class described, the 
combination with a passage adapted to con 
vey a heat absorbing or rejecting fluid, of a 
plurality of heat exchanging elements dis 
posed transversely of said passage, each of 
said elements comprising end sections sym 
metrical with respect to the longitudinal axis 
of the element and an intermediate section 
connecting said end sections, said interme 
diate section comprising a pair of spaced 
parallel pipes, fluid conveying members con 
nected by said elements, and means detach 
ably securing said elements to said members. 

3. In apparatus of the class described, the 
combination with a passage adapted to con 
vey a heat absorbing or rejecting fluid, of a 
plurality of integral heat exchanging ele 
ments arranged transversely of said passage, 
each of said elements comprising single cylin 
drical end sections and an intermediate sec 
tion formed by a plurality of pipes, each of 
said end sections having formed thereon a 

greatest free flow area 

to the general line of fluid flow through said 
passage to provide less than the greatest free 

3. 

flow area through the passage past the ele 
ments. } 

6. Apparatus of the character described 
comprising, in combination, means providing 
a passage for flow of a heat absorbing or re 
jecting fluid, a plurality of rows of heat ex 
change elements disposed transversely of said 
passage each of said elements comprising co 
axial end sections of circular cross-section 
and an intermediate section comprising a pair 
of spaced parallel pipe portions connecting 
said end sections, the elements of the several 
rows being staggered with respect to the gen 

70 

30 

eral line of fluid flow through the passage and . 
fluid conveying members connected by said 
elements, said end sections being secured to 
said members in positions such that planes 
passing through the centerlines of the pairs 
of pipe portions of the elements lie at an 
angle to said general line of fluid flow 
through the passage to provide less than the 

a through the passage 
past the elements. 

WILBUR. H. ARMACOST. 
circular seat, fluid conveying members con 
nected by said elements and having openings 
therein adapted to receive said seats, and 
means for removably securing said elements 
to said members. 

4. In apparatus of the class described, the 
combination with a passage adapted to con 
vey aheat absorbing or rejecting fluid, of a 
plurality of hollow heat exchanging elements 
located in said passage and adapted to with 
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stand internal pressure without distortion, 
said elements being formed entirely by walls 
the opposite sides of which are exposed to 
different fluids, the form and arrangement of 
said elements being such that the free flow 
area through said passage past said elements 
is varied by the changes in position of said 
elements effected by rotation of the elements 
about their longitudinal axes, fluid conveying 
members connected by said elements, and re 
leasable means for securing said elements to 
said members to permit rotation of the ele 
ments. 

5. Apparatus of the character described 
comprising, in combination, means providing 
a passage for flow of a heat absorbing or re 
jecting fluid, a plurality of heat exchange ele 
ments disposed transversely of said passage, 
each of said elements comprising co-axial end 
sections of circular cross-section and an inter 
mediate section comprising a pair of spaced 
parallel pipe portions of circular cross-sec 
tion connecting said end sections, and fluid 
conveying members connected by said ele 
ments, said end sections being secured to said 
members in positions such that planes pass 
ing through the center lines of the pairs of 
pipe portions of the elements lie at an angle 
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