2,183,956

Dec. 19, 1939.

F. O. CAMPBELL ET AL

HEAT EXCHANGE APPARATUS

3 Sheets-Sheet 1

Filed May 14, 1937

B
. T
i ) M — NM/
w wo HY ! N o ¥ _ w U<z
N | - N Y \ . qu.
/ / i L % o ./ X m - .W
N SN > o\ o 0 of Sy
~ s AN N Y 58
VEEETEA =« T SS e
] [ N " " i ),
3| NS\,.,\/W\VW,\S, E ,._\,,,\m\ !+- g :____ %»v _______t .uw__cﬁ ___\»/5 //ﬁ _wa
l+! Q o Y e T 1 TR —i T \m AT A S T A~ 2 ¢
: N mﬁ | - 4»\_mlx4||||||hnn|l..|«sll|w. N
3 ~— 1 ! 3 AN M 7 <t
S i i i FQ
&N L NN e —_— _Z
6 { T T T l'/
: SV a LWV A P /ﬂ TR L I _.& - 0
N /1 ] oy
N~ SRW N TR TTPRALI 1TV Ilm_E__rlu_._.erw._\\
o EEESEESES " = : N
N = e : -\ 220 N~
<t = n —— Wv o ——— i ——— ~
N~ U0 U U ] N N N T N
= ——P I o-w D
" M [N Ao e e ”J QT
S ﬁluuuluxxuuunllumuw||||||||||||nmu Y
T .
‘.r _tN . W_P __..lll\/
R an,y ||||||| 2 A
S | A
ST Te i[e ] B
| \ I
] = 5 Y by
o L
e —~




2,183,956

F. O. CAMPBELL ET AL
HEAT EXCHANGE APPARATUS

Dec. 19, 1939.

" Filed May 14, 1937 .

3 Sheets—Sheet 2

3
/

4 7

y
N
N

—N

INVENTORS
ony FRANK_O. CAMPBELL

GEORGE W. NIGH

=

N
N
N

%.

5]

-1

28
s 7

T

I

-3

27

a2z

BY | .
1 I ATTORN%



Dec. 19, 1939.

F. O. CAMPBELL ET AL 2,183,956

HEAT EXCHANGE APPARATUS

Filed May 14, 1937 . 3 Sheets—Sheet 3

5
[

—
——-
‘1\
2
]
3

RS AT AR R4 k. 4 k

L» ~— = x 7 w7 /{
53 T o=l 54
56 56 53

INVENTORS
FRANK O. CAMPBELL

“d GEORGE W. NIGH




Patented Dec. 19, 1939

UNITED STATES

2,1

2,183,956

PATENT OFFICE

83,956 -

HEAT EXCHANGE APPARATUS

Frank 0. Campbell and George W. Nigh,
Bayonne, N. J. .

Application May 14,
1 Claim.

invention relates generally to
hea,t-exchange apparatus, and hag particular
reference to an improved construction,
It is a general object of our invention to pro-
5 vide a heat exchanger of improved structural
characteristics, adaptable for use with high ef-
ficiency wherever an exchange of heat from one
fluid to another is to be effected.
One cenventional type of heat-exchange ap-
baratus consists of a2 group or bundle of tubes,
of relatively smalj diameter, assembled within g

Our present

1

o

This type
number of inherent disad-
present improved heat ex-
changer obviates, For example, to avoid exces-
sive tube lengths, the bundie is usually divided
into several so-called “passes”. As a result, the
last pass is at different temperature from the
first, and this results in severe straing which, in
time, cause tube breakage and tube joint fail-
ure. Furthermore, when g heat-exchange appa-
ratus of this type becomes fouled, either from dirt
or from precipitation Wwithin the bassageways,

vantages which our
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to locate the leak, to remove the entire bundie
of tubes and subject them individually to test,
but the losses due to spoilage of fluids is con-
siderable.

A heat-exchange apparatus constructed in ac-
cordance with our bresent invention is not beset
with any of the foregoing disadvantages.
only do we avoid the use of multitudinous tubes,
but we avoid alse any possibility of fuiq con-
tamination in cage of leakage. Moreover, the
bresent type of heat exchanger is readily clean-
able without requiring expensive dismantling
brocedures.

Of outstanding importance is the fact that our
bresent heat-exchange apparatus may be oper-
ated on a pure counterfiow principle, with the in-
coming hot fuid closely adjacent to the out-
50. going cold fluid. As & result, the maximum rate
of heat transfer may be provided for, measured
In heat units per hour, per square foot, per de-
gree temperature difference.

On the other hand, if desired, and where con-
ditions require it, the present improved appa-
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ratus may be connected to operate on the par-

allel-flow brinciple, giving a lower heat ‘transfer

constant but g
change.

Briefly, our present improved structure con-
sists of a substantially rectangular unit compris-
ing a series of flat chambers arranged side-by-~
side. One set of alternate chambers has closed
sides but open tops and bottoms; the interme-
diate set of chambers has closed tops and bot-
toms but open sides. Specially constructed elo-
sure walls are provided for the top, bottom, and
sides of the unit, and these closure walls have re-
turn-bend recesses which establish sequential
communication between the chambers of each
set. “As a result, one set of chambers, with its
corresponding closure walls, provides an up-and-
down sinuous fluid bass; while the other set of
chambers, with its closure walls, provides a lat-
eral sinttous fluid pass.
fluid passageway in the form of a flat ribbon
folded upon itself, and the other fluid pass forms
a fluid passageway in the form of a second flat
ribbon folded upon itself, the sections of the sec-
ond passageway interweaving, as it were, with
the sections of the first bassageway, so that the
entire unit is filled with the two fluids, these
fluids being separated only by the thin walis of
the material used. )

The closure walls, with their
cesses, may be either

slower rate of temperature

return-bend re-
bermanently or removably
mounted with respect to the unit, depending upon
requirements. Or, certain of the closure walls
may be permanently mounted while the others
are removable. Wherever a closure wall is re-
movably secured to the unit, it is capable of re-
moval independently of the other walls, whereby
independent access may be had to the chambers
which it interconnects,

We achieve the foregoing objects and advan-

tages, and such other objects and advantages as
may hereinafter appear or be bointed out, in the
manner ‘illustratively exemplified in the accom-
banying drawings, wherein—
- Figure 1 is an elevational cross-sectional view
through a heat-exchange apparatus constructed
in accordance with our present invention, this
view being taken substantially along the line
{—1 of Figure 2; : .

Figure 2 is a plan Cross-sectional view taken
substantially along the line 2—2 of Figure 1;

Figure 3 is a cross-sectional view taken sub-
stantially along the line 3—3 of Figure 1;

Figure 4 is a fragmentary exploded view, with

One pass thus forms g
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parts broken away, of one corner portion of the
apparatus;

Figure b is a fragmentary elevational cross-
sectional view, showing a modification; and

Tlgure 6 is a view similar to Figure 5, showing
a further modification.

The parts of the apparatus are preferably
made of metal, although any suitable material
may bhe used, depending upon the fluids to be
handled and the temperatures involved. Where
the parts are made of metal, they may be cast
in one piece or in sections, and those parts which
are permanently united may be integrated with
one another by autogenous welding or other-
wise. No claim is made herein for the use of any
particular material, nor for any particular mode
of manufacture or assembly, and the details of
manufacture . are, therefore, not referred to
herein.

Referring now to Figures 1-4, we have illus-
tratively shown an integral or integrated main
unit of substantially rectangular shape defined
by the end closure walls 18 and 11, the top and
bottom walls 12 and 13, and the side walls {4 and
{5. The end wall 10 is preferably provided with
the peripheral flange 16, and the end wall it
with a similar peripheral flange 7.

Extending transversely across the unit are the
spaced parailel walls 18. The spacing of the
walls 18 from one another will depend upon re-
quirements. If two similar fluids are to pass
through the apparatus, the walls {8 should
usually be spaced by equal amounts so that the
cross-sectional area of one ribbon-like passage-
way is substantially the same as the cross-sec-
tional area of the other. On the other hand,
where one fluid is a liquid while the other is a
gas, the ribbon-like passageway for the gas
might have to be of greater cross-sectional area,

- in which case the walls 18 would be correspond-

ingly spaced. If a condensing vapor is passing
through the apparatus, it would be desirable to
have the ribbon-like passageway of progressively
narrower cross-sectional area.

In the illustrated construction, which is mere-
ly an example, we have arranged the walls 18 in
such spaced relationship that a series of rela-
tively narrow chambers 19 are alternated with a
series of narrow, yet slightly wider, chambers 20.

The main rectangular unit thus comprises a
19 and 20 arranged side
by side. In accordance with our invention, the
chambers 19 have closed sides (as shown most
clearly in Figure 2), but they are open at the
top (as indicated by the reference numeral 22).
The intermediate chambers 20 are, on the other
hand, closed at their tops and bottoms (as indi-
cated most clearly in Figure 1), but they are open
at the sides (see reference numerals 23 in Fig-
ure 2).

The apparatus is completed by the top closure
wall 24, the bottom closure wall 25, and the side
closure walls 26 and 27.

In the apparatus herein {llustrated, each of
these walls happens to be shown as & remov-
able wall- mounted independently of the other
walls; but, as hereinbefore pointed out, this is not
absolutely essential and one or more, or even
all, of these closure walls may, depending upon
requirements, be secured to the unit in a per-
manent irremovable manner. )

Merely by way of example, we have shown the
wall 24 secured in position by means of studs
or bolts 28 passing through the peripheral flanges
{6 and 11. We have shown the bottom wall 25
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similarly secured by means of bolts or studs 29,
and the side walls 26 and 27 similarly secured by
means of bolts or studs 28 and 31, respectively.
This manner of removably mounting these walls
is, however, in itself also a matter of choice, and
any other suitable or desired securing arrange-
ment, such as special quick-opening clamps or
devices, may be employed.

In the drawings we have shown the possible
use of gaskets 32 and 33, respectively, for the
walls 24 and 25, and gaskets 34 and 35, respec-
tively, for the walls 26 and 27. However, in
many cases, gaskets are preferably not. em-
ployed at all, the joint being a pure metal-to-
metal abutment, such as a ground joint.

Tn accordance with our invention, the top and
bottom walls 24 and 25 (whether removably or
permanently mounted) are provided with the re-
turn-bend recesses 36 and 31, respectively, which

establish sequential communication between the 2

chambers 9. This is jllustrated most clearly
in Figure 1, and it will e observed that the re-
cesses 36 are staggered with respect to the re-
cesses 31. Thus, the left-hand chamber 19 of
Figure 1 is in communication with the adjacent
chamber i§ through the first recess 36; this sec-
ond chamber {9 is in communication with the
third chamber {9 by means of the first recess
27; and so on. Accordingly, a sinuous up-and-
down fluid pass is provided, this pass being in the
form of a relatively flat ribbon doubled back-
and-forth upon itself.

Ppreferably, the inlet and outlet for this fluid
pass are provided on the bottom wall 25, but
this arrangement is not absolutely essential. We
have, for illustrative purposes, shown a fluid in-
let 38 and a fluid outlet 88, and the sinuous travel
of a fluid is indicated by the arrows designated 40.

Similarly, the side walls 96 and 21 (whether
removably or permanently mounted) are pPro-
vided with return-bend recesses a1 and 42, re-
spectively, these recesses establishing sequential
communication between the intermediate cham-
bers 26, as shown most clearly in Figure 2.
Again, the recesses 41 are staggered with respect
o the recesses 42, so that o lateral sinuous fluid
pass is provided in the form of a relatively flat
ribbon doubled back-and-forth upon jtself. A
fluid inlet 43 for this fluid pass is preferably

mounted in the end closure wall {0, and a cor- :

responding fluid outlet 44 is mounted in the op-
posite closure wall {1, the sinuous path of travel
of the second fluid being indicated by the arrows
designated 45 in Figure 2.

Preferably,
provided with ribs 46. We have illustratively
shown the wider chambers 20 provided with
these ribs, and it will be noted that these ribs
project into the chambers 20 from the opposite
walls of these chambers, and preferably in
staggered relation. Tt should be noted that these
ribs are arranged parallel to the flow of fluid
in the chambers 29, and thus these ribs may serve
to prevent eddying of the fluid and to guide it
more smoothly through the ribbon-like passage-
way. If desired, the ribs may be of heat-con-
ductive material to facilitate the exchange of
heat from one fluid to the other.

The uses to which the present apparatus may
be put will be obvious to those skilled in the art;
but, in general, where counterflow is desired, it
will be understood that one fluidg is caused to pass
from the inlet 43, sinuously through the hori-
zontal chambers 20, and ultimately out of the
outlet 45; while the second fluid is caused to

at least one set of chambers is ¢
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bass upwardly through the inlet 38, sinuously up-
and-down through the chambers {9, and ulti-
mately out of the outlet 39. An almost perfect
counterflow is thus provided for, and because of
the flat nature of the chambers {9 and 20 an

extremely efficient transfer of heat, from one

fluid to the other, is effected. The ribs 48 may
assist not only in guiding the fAuid flow, but
also in efficiently transferring the heat from one
fluid to the other. i

Where parallel-flow is to be effected, one or the
other fluid is directed through its passageway
in the opposite direction from that described in
the preceding baragraph.

Of outstanding importance is the fact that even
where the closure walls are removable, leakage,
wherever it may develep, will not contaminate
either fluid with the other, barring, of course,
the unlikely development of an actual break in
the walls of the unit {8, For example, if the
gasket 32 (or the corresponding metal joint
where no gaskst is used) Were to develop a. leak,
the fluid passing from the iniet 38 to the outlet
38 would in no event lesk into the chambers 29
but would find its way to the outside of the unit
10 through the joint between the closure 24 and
the unit 9. Similarly, any other like type of
leakage would result, in the worst case, in having
one or the other fluid escape to the outside,
where it would be immediately discoverabie.

In the case of repairing such a leak, the pro-
cedure would be extremely simple, and would re-
quire the discontinuance of flow of only one of
the fluids. The other fluid flow could remain
unimpaired and uninterrupted. This highly im-
portant advantage is due to the structural ar-
rangement of the parts whereby, for example, the
clesure wall 24 might be removed and the gasket
renewed by merely discontinuing the flow of fHuid
into the inlet 38, and without disturbing in the
least the flow of fluid into the inlet 43.

In a similar manner, an excelient opportunity
for cleaning and inspection is always readily ob-
tainable where cne or more of the closure walls
If it is desired, for example, to
inspect or clean the chambers 20, it is merely
necessary to discontinue the flow of fluid into
the inlst 43, and to remove the closure walls 26
and 2i. The passages 20 are
exposed, and the insertion of g perfectly straight
brush or similar tool is g relatively simple maiter.
The inspection and cleaning of the passagss {8
is equally feasible by merely removing the closure
walls 24 and 25. Even where the closure walls
are permanently mounted, access for cleaning or
inspection may be easily provided. for by simply
arranging closable access openings at strategic
boints, preferably in alignment with the passages
to be cleaned or inspected.

The apparatus is extremely compact and lends
itself readily. to assembly with other similar
pieces of apparatus, in groups, either in series, in
multiple, or in series-multiple, by use of mani-
folds.

In Figtire 5 we have shown 2 modification in

:which the lower closure wall 47 is constructed to

accommodate a liquid 48, and in which ribs 49
project downwardly into this liquid - at proper
points, so that a liquid seal is provided. If de-
sired, the walls 59 may, themselves, be extended
downwardly into the liquid to accomplish the
Same purpose. The path of fluid flow through
the up-and-down ribbon-like bassageway is indi-
cated by the arrows 51;: and it will be understood
that the other fluid flows, as hereinbefore de-

then completely

3

scribed, through the lateral ribbon-like passage-
way 52, .

In Figure 6, the construction is modified by
constructing the return-bend recesses 53 of the
lower closuire wall 54 in the form of hoppers, in
which solid or liquid particles of matter may col-
Iect, as in the case where g gas such as flue gas
1s caused to pass through the up-and-down rib-
bon-like bassageway, as shown by the arrows 55.
Openable doors 56 or the like permit withdrawal
of the collected matter when desired. 'The other
fluid, as before, travels through the lateral rib-
bon-like passageway 57.

The constructions of Figures 5 and 6 illustrate
the wide field of possible utility for the present
apparatus. For example, it may -be used for
heating air for combustion, utilizing for this pur-
pose the heat from products of combustion., In
such a case, the arrangement of removable clo-
sure walls, or suitable access openings, in con-
junction with the side-by-side arrangement of
flat chambers, permits the surfaces to be kept
clean at all times and at the same time provides

an improved means for cleaning flue gases or the

like, since the velocity of the gases in the down-~
ward passes of the up-and-down ribbon Wwould
cause the solids or other entrained matter to im-
pinge upon the surface of the liquid seal (or to
collect in the hoppers of Figure 6), thus remov-
ing them from the gas.

The present apparatus may also find utility in
the field of air-conditioning, where, for example,
air to be transported into g conditioned room is
raised or lowered in temperature, or purified, or
humidified.

In the case of a hot-air.furna.ce, the employ-
ment of the present apparatus, by providing for a
highly eficient transfer of heat, may result in
making this type of furnace equal in efficiency to

a steam-heating or similar system, a result which 3

is not at present attainable in the present state of
the art of making hot-air heaters.

Furthermore, and merely by way of example,
the present type of apparatus, with the walls be-~
tween thd bassageways made extremely thin,
could be used as an economizer for brick kilns
and in combination with furnaces of all kinds,
such as blast furnaces, open hearth steel fur-
naces, and the like.

In general, it will be understood that changes
in the details, herein described and illustrated for
the purpose of explaining the nature of our in-
vention, may be made by those skilled in the art
without departing from the spirit and scope of
the invention as expressed in the appended claim.
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It is, therefore, intended that these details be

interpreted as llustrative, and not in 3 limiting
sense. '

Having. thus described our invention, and illus-
trated its use, what we claim as new and desire to
secure by Letters Patent is:

In a heat-exchange apparatus, a substantially
rectangular unit formed in one integral piece and
comprising a ssries of fiat chambers arranged
side by side, one set of alternate chambers hav-
ing closed tops and bottoms but open sides, the
intermediate set of chambers having closed sides
but open tops and bettoms, a unitary closure
wall for one side of the unit providsd with re-
cesses establishing communication between suc-
cessive pairs of the first-named chambers, a uni-
tary clesure wall for the Opposite side of the unit
provided with recesses also establishing com-
munication ~ between successive pairs of sgid
chambers, the latter recesses being staggered rel-
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ative to the first-named recesses, whereby said
chambers are connected in succession to define a
side-to-side sinuous fluid passage; a unitary clo-~
sure wall for the top of the unit provided with
recesses establishing communication between
successive pairs of said intermediate chambers, a
bowl-shaped closure wall for the bottom of the
unit, & body of liquid in said wall, projections on
the unit extending down into said liquid to define
liquid-sealed recesses which establish communi-
cation between successive pairs of said inter-

2,188,956

mediate chambers, said Jiquid-sealed  recesses
being staggered relative to the recesses in the top
closure, whereby said intermediate chambers are
connected in succession to define an up-and-
down sinuous fluid passage; and means for re-
movably mounting each closure wall on said unit
independently of the other closure walls, where-
by independent access may be had to the cham-
bers of either fluid passage.

FRANK O. CAMPBELL.

GEORGE W. NIGIH.
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