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Application filed anch

The present invention relates broadly to
the art of heat exchangers, and more partic-

ularly to tubular heaters, condensers, cool-.

ers or the like of such improved construc-
tion as to effectively take care of the dimen-
sional changes of the tubes, without the con-
sequent disadvantages of certain of the

“structures which have heretofore been pro-

vided for this purpose. i

One type of heat exchanger constructed
to take care of tube expansion as herein con-
templated has embodied the so called fer-
rule or ferrule packing. It has been found
in actual practice that ferrules screwed into

i or otherwise secured in a tube plate, while

permitting the desired elongation of the
tubes, are generally unsuitable where eﬁh}er
high pressures or high temperatures ave &o

- be dealt with. In practice, the ferrules usu-

0

O aily fit into receptacles in the tube plats

and swround the tubes. A soft packing is
generally used under the ferrules to pre-
vent leakage, but obviously such packing is
only effective for moderate pressures and
temperatures. Where high temperature is
encountered, it is difficult fo provide 2 pacis
ing that will permanently maintain its sesi-
ing characteristics, although the consiruc-
tion is such as to effectively permit the
tubes to be freely elongzted due 0 expan-
sion when heated. Where the pressure is
high, there is likewise considerabls diffi-
culty in preventing leakage from the liquid
side to the steam side of the heat exchan
It will thus be apparent that such =z come
struction has a limited rangs of use be
with respect to temperature and pressuve.

So called floating heads have also ;
used with considerable success in an g
to solve this problem, but such constructions

-
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- are not only expensive, but they are not im-
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mune from trouble where very high temper-
atures ars encountered. Where but 2 single
Hoating head is used, there is often a severe
distortion thereot, due to the fact that tubes
in different parts of the mest or nests zre at

different temperatures, and consequently,-

expand differently, thus unevenly straining

either the tubes or the other parts of the-

structure. Floating: head heaf exchangers
also_have limitations with respect o the
number of passes for fuid cireniation.
Where ons head is fixed and the other float-
ing, there is considerable difficulty in hav-
ing anything but an even number of passes
which in some cases prohibits the use of

46, 1926 ferlal No. 97,587,

such a construction. Also, sincs the shells
must either be made considerably large
than the tube nest or else belled out at the

floating head end to accommodate such head ¢

with its flanged ends, there is necessarily an
inereese both in the cost and the size of the
resulting apparatus. . .

In still other cases, so called “hair pin”
tubes have been used. Such a construction
offectively takes care of tube expansion, but
has the distinet disadvantage in that there
is no convenient and effective manner of
cleaning the inside of the tubes in the event
they become scaled up. They do mot com-
pare in this respect with straight tube in-
stallations, in which & red or brush can
easily be run therethrough in 2 manner not

&5
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possible with the hair pin type tubes, Such

a heat exchanger also has one of the disad-
vantages inherent in the use of a floating
head type construction in that an even num-
ber of passes is necessary,

" Recourse has also been had to coiled tube
heaters, but such heaters have so meny lm.-
itations, both with respect to operation and
construction, that the uss thereof iz con-
fined to 2 very limited type of servies. The

impossibility of efectively cleaning the -

coiled tubes also rnles them out of many
places where straight tube hesters would be
eminently satisfactory, ,
"It is one of the objects of the present in-
vention to provide o type of heat exchanger
whick obviates the disadvantages reforred
to, but in which the various aﬁvantageeus
features of construction and operation are
retained. In the apparatus constructed in
accordance with the present invention, both
of the tube heads are fixed, whereby the ex-
pense of the floating head type is elimi-
nated te a considerabls extent. I am alse

able to do awey with the packed type of

tube and itz - consequent disadvantages,
while retaining a tube shape which can read-
ily be cleaned as compared with hair pin
and coiled tube types in which compiete
cleaning is only possible with considerable
difficulty, if at all.

In the accompanying drawings, there are
shown for purposes of illustration only cer-
tain preferred embodiments of the present
invention; it being understood that the
drawings are largely diagrammatic and that
they do not define the limits of my inven-
tion, as changes in the construction and
operation disclosed therein may be made
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~end of the shell, there may .be provided a.
5 rigidly mounted tube plate or head 5, there
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without departing from the spirit of the in-
vention or the scope of the broader claims:

In the drawings: ,

Figure 1 is a ?Ongitudinal sectional view
through a heat exchanger constructed in
accordance with the present invention; the
tubes and heads, however, being shown in
elevation; ' .

Figure 2 is a transverse sectional view on
the line IT—IT of Figure 1, looking in the
direction of the arrows; :

Figure 3 is a view similar to Figure 1;

Figure 4 is a transverse sectional view
on the line IV—IV of Figure 3, looking in
the direction of the arrows; A

Figure 5 -is a diagrammatic view illus-
trating the circumferential and angular-pro-
gression of the tubes. S o

In accordance with the present inven-
tion, there may be provided a shell 2 of any
desired construction and material, provided
with an inlet 8 for the heating fluid and an
outlet 4 for the condensate. Adjacent each

being an inlet chamber 6 adjacent one of the
tube plates and an outlet chamber 7 cooper-
ating with the other tube plate, these cham-
bers having an inlet 8 and an outlet 9, re-
spectively. . :

Arranged within the shell and extending
from one of the tube plates to the other is
a plurality of tubes 10, these tubes; as in-
dicated in Tigure 2, preferably being ar-
ranged in a .pTurality of concentric circles.
In Figure 1, for the sake of clearness, only
the outside circle of tubes is indicated. In-

. stead of constructing the heat exchanger in

40

45

such a manner that the tubes extend in sub-
stantially a straight line from one end of
the heat exchanger to the other, the tubes
are preferably of such construction that they
follow substantially the path of a helix, all
of the tubes in any one circle following sub-

stantially similar helical paths.. ‘This dis-

position of tubes necessarily involves a cir-
cumferential progression of the tubes in any
of the tube ecircles, but this circumferential

© progression” is such that internal cleaning
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may be accomplished with.comparative casec.
In ‘other words, the departure of the tubes
from true straightness is not so great in any
instance, but that a brush or-other cleaning
means. may easily be passed through the
tubes by means of an elastic rod, or such that
the well known rubber cleaning slugs or the

like may be casily forced through the tubes

by pneumatic or hydraulic pressure.
It desired, there may be provided a sup-
porting means 11, conveniently in the form

. of a plate, cooperating with the tubes for

" tion.
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limiting deflection thereof or limiting vibra-
uch a construction is particularly
advantageous where comparatively long
tubes are being used. This supporting
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means is preferably so located that the oper-
ing therein which embraces any particular
tube will lie substantially midway in the
path of circumferential progression of such
tube. This is clearly shown in Figure 1 of
the drawings, from which it will appear that
the point where the tubes pass through the
supporting plate is substantially midway be-
tween the junctures of the tubes with the
tube plates, measured on the circumference
of the circle in which such tubes lié. When
the tubes expand, their natural deformation
will. be substantially as indicated by the
dotted lines in Figure 1, it being apparent
that, with the construction shown, there is
no tendency toward the suppression of the
deforming tendency caused by elongation
of the tubes under temperature. In otber
words, a construction as herein illustrated
enables the building of a heat exchange ap-
paratus in which the supporting means
while limiting deflection and restraining
vibration, does not in any manner restrain

“the natural expansion of the tube, this ex-

pansion being in a clockwise direction ad-
Jjacent one end of the apparatus and in a
counter-clockwise direction adjacent the op-
posite end thereof. _

While Figures 1 and 2 of the drawings
indicate a heat exchanger having only a sin-
glo pass, it will be understood that any-de-
sived number of passes is possible.. It will
likewise be understood that the tubes may
be arranged otherwise than in concentric
circles and that different tubes may have a
circumferential - progression either in the
same or in opposite directions. In all cases,
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however, T preferably mount the tubes ad- - -
jacent the inner portion of the heat ex- -

chaniger in such manner that they make a
greater-angular progression than the tubes
in the outer portion of the apparatus.
‘Where the tubes are arringed in circles, it
will be apparent that if the same angular
progréssion were nsed inthe inner circles as in
the outer ones, the tubes in the inner cireles
would be comparatively rigid, and their re-
sistance to expansional elongation would be
too high, if the angular progression of the

tubes 1n the outer circles were right to give-

the desived flexibility thereof to permit def-
ormation under expansion without undue

strains on such tubes or on.the rest of the.

structure.  This applies with equal force
whether the tubes are arranged in concen-

tric circles or are grouped in any other de-’

sired manner.’ :

Tn ovder to clearly set forth exactly what
is meant by the expression “circumferential
progression” and “angular progression”, it
may be stated that it when facing one of the
tube plates, one of the tubes be selected and
its path followed to the next tube plate on
the opposite end of the heat exchanger, it
will be found that on the particular circle
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‘space existing between

from which the tube is selected, the tube has
trayeled a certain distance in'its helieal path.
This travel is herein termed “circumferen-
tial progression”. The angular progression,

on the other hand, is the angular amount:

that any tube progresses in its helical path
from end to end of its length. -

" In Figures 3 and 4, there is illustrated a
modified embodiment of the invention for

the purpose of showing the adaptability
thereof to a multiple-pass heat exchanger.

Where & plurality of passes is provided for,
I find that i$ is necessary to meke the two
heads dissimilar with respect to the void
space or spaces necessitated batween the
tubes by reason of the use of division walls
between the different fluid passes incident to
the circulation within the tubes.

In the construction illustrated in Figures

3 and 4, the header 12 has an inlet 18 and

an outlet 14, the header 15 at the opposits
end of the heat exchanger being merely for
the purpose of divecting the fluid, as indi-
cated by the arrows. Within ths header 12
is a division wall 18 of such nature as to
meke 8 two-pass heatér. This division wall
necessarily takes up a certain amount of
space on the tube plate 5’ with which it co-
operates, which space would; in a single-pas
heater, bs utilized for the installation of
tubes, as indicated for example in F igures
1 and 2. This spacs and the corresponding
the tubes is referred
to herein as the “void space”, and is indi-
cated by the veferencs letter 8. If the di-
vision wall 16 is substantially horizontal,

‘it will be apparent that o transverse sec-

tional view through the tubes adjacent this
tube plate, as indicated in Figure 4, will
show the void space as being substantiaily
horizontal. If all the tubes had the same

- angular progression, the void space on the

i
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opposite end of the condenser would have
substantially the position indicated. by the
dotted lines § in Figure 4, thus providing
tube plates which are dissimilar with respect
to symmetry about the transverse axis of a
heat exchanger. On the other hand, if the

tubes had a constant circumferential pro-

ression, the lines S’ would necessarily be
curved or of irregular contour, inasmuch as
aconstant circumferential progression would
necessarily require a- greater angular pro-
gression of the tubes adjacent the center of
the heat exchanger than of the tubes adja-
cent the outside thereof. :

In Figure 5 of the drawings, there is
indicated diagrammatically the condition
which would obtain if a constant circumfer-
entlal progression, as just referred to, were
employed. In this figure, there is indicated
by solid circles the row of tubes 10’, starting
below the void space S’ on one of the tube
plates. "In dotted circles there is indicated
the corresponding position of these tubes

1,655,086

on the opposite tube plate. The detted lines
S’ indicate the generzl location of the void
space on such opposite tube plate. Refer-
ring to this figure, the arrows A indicate the
circumferential progression, while the an-
gles @ b ¢, ctc., indicate the different angular
progression of succeeding tubes by reason
of the constant circumferential progression

‘shown.

Certain advantages of the present inven-
tion arise from the provision of a heat ex-
changer utilizing tubes which niay be easily
cleaned and in which expansionzl elongation
is_permitted, while preventing leakage or

other objectionable tendencies at either high s

temperatures or pressures,

‘Other advantages of the invention arise
from the provisicn of a heo’s exchenger in
which the tubes follow substantially a heli-
cal path from end to end.

Still other advanfagss of the invention
arise from the provision of a heat exchanger
in which the tubes have s circumfsrential

~or angular progression from end to end, and

preferably, -in which the anguler progres-
sion of tubes’adjacent the center of the heat
sxchanger is grealsr than the angular pro-
jection of tubes adizcent the outside thereof.

Still further advanteges arise Zrom the
provision of an apparatus in which tubes of
eny desired length may be utilized and sup-
ported against deflaction and vibration st a
desived point, withous restraining the natusal
tendency of the tubes te ezpansional elonga-
tion. Y

I claim:

1. In a heat exchenger, g shell, and inner
and outer tubes therein, said tubes having
an angular progression from end to end
with certain of szid tubes having s greater
angular progressica than other of said tubes,
substantially as describad.

2. In a heat exchanger, 2 shell, and inner
and outer tubes therein, said tubes having
an angular progression from end ic end
with certain of said tubes having a greater
angular progression than other of said tubes,
the tubes having the greater angular pro-
gression being located adiacent the center of
the heat exchanger, substantially as de-
scribed. : )

8. In a heat exchanger, 2 shell
of tubes extending sul ially longitudi-
nally of said shell end disposed in substan-
tially comcentric circles, each of said tubes
having a circumferential
their respective circles from end to and
thereof, substantially as described. ‘

- 4. In a heat exchanger, & shell, o plurality
of tubes extending substantielly lengitudi-
nally of said sheli and disposed in substan-
tially concentric circles, each of said tubes
having an angulaer progression in their re-
spective circles from end to end thereof
with the angular progression of the tubes in

;) pl‘arality

g

=

progression in
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the inner circles greater than the anguler = 11 In 2 heat exchanger, tube plates; tubes 5%

progression of the tubes in the outer circles,
substantially as described. .
5.'In a Lieat exchanger, a shell, a plurality

5 of tubes extending substantially longitudi- -

nally of said shell and disposed in substan-
tially concentric cireles, ecach of said tubes
having an angular progression in their re-
spective circles from end to end thereof, the
angular progression of the tubes gradually
increasing {rom the outer to the inner cir-
sles, substantially as described.

6. In.a Leat exchanger, a shell, tube plates

" tlierein, tubes carried by said plates, and

>
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supporting means for said tubes located sub-
stantially midway between said plates, said
tubes heing of such helical contour that when
expanded 1n length by heat they show sub-
stantially no tendency to displace that por-

tion of the tubes cooperating with said sup-..

porting means, substantially as described.
7. In a heat exchanger, a shell, tube plates

therein, tubes carried by said plates, and

supporting means for said tubes located sub-

stantially midway between said plates, said-

tubes being of such helical contour that
when expanded in length by heat they show
substantially no tendency to displace that
portion of the' tubes cooperating with said
supporting means, said tube plates being
rigidly fastened in position and said tubes
being rigidly connected to the tube plates,
substantially as described.

8. In a heat exchanger, a shell, tube plates
rigidly fastened thereto, and tubes rigidly
secured to said tube plates, said tubes having
an angular progression from end to end with

the tubes adjacent the center of the nést hav-

ing a greater angular progression than the
tubes more remote therefrom, substantially
as described. :

9. In a heat exchanger, tube plates, tubes

carried by said plates and so positioned as
to provide void spaces thereon, the void

- spaces being located dissimilarly in relation

to a plane including the longitudinal axis of

_the heat exchanger, substantially as de-

seribed. o

10. In a heat exchanger, tube plates, and
tubes carried by said plates, said tubes co-
opérating with said plates to provide void

.gpaces so Jocated that no similar void spaces

on respective plates are in line one with the
other, substantially as described. '

carried by said plates, said tubes cooperat-
ing with said plates to provide void spaces
so located that no similar void spaces on re-
spective plates are in line one with the other,

and supporting means intermediate said tube

plates for said ‘tubes, substantially as de-
scribed. 0 o _

12. In a heat exchanger, tube plates, and
tubes carried by said plates and providing a
void space therebetween, said void space hav-
ing an angular progression throughout the
length -of the heater, substantially as de-
scribed. E .

13. In a heat exchanger, tube plates, and
tubes carried by said plates and providing a
void space therebetween, said void space hav-
ing a circumferential progression through-
out the length of the heater, substantially as
described. : .

14. In a heat exchanger having spaced
apart heads, tubes. extending longitudinally
of the heat exchanger, the tubes being helical
and having substantially the saine curvature
from head to head. S '

15. In a heat exchanger having spaced
apart heads, tubes extending longitudinally
of the heat exchanger, the tubes being helical

and having substantially the same curvature .

from head to head, and & tube support inter-
mediate the heads. o .

16. In a heat exchanger having spaced
apart heads, tubes extending longitudinally
of the heat exchanger, the tubes being helical

and having substantially the same curvature .

from head to head, and a tube support in-
termediate the heads, the intermediate sup-

port having openings therethrough to "ac-

commodate the tubes.

17. In a heat exchanger having a head at
each end, tubes extending from head to head,
the tubes being helical and having substan-
tially the same curvature from head to head,

1t
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but making less than a full turn from head .

to head. , ‘

18. In a heat exchanger having a pair of
spaced apart heads,-tubes extending from
head to head, the tubes being helical for at
least a portion of their length, but making
less than a full turn from head to head.

In testimony whereof I have hereunto set
my hand.

ROBERT L. BLANDING.

100

105



