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This invention relates to heat exchangers
of the shell and tube type comprising an
outer shell of cylindrical or other form and
a bundle of tubes within this shell, the tubes
being mounted in a tube sheet associated with
or forming part of a stationary head secured
to the shell. The invention 1s particularly
concerned with the construction of the sta-
tionary head and the sealing of the joint be-
tween 1t and the cover plate of the head.

In multi-pass heat exchangers it is the
usual practice to provide one or more parti-
tions within the stationary head, the parti-
tion or partitions being arranged in such a
manner that they divide the entire space be-
tween the tube sgeet and the stationary head
cover plate into a series of chambers, each
communicating with a separate group of the
heat exchanger tubes. The partition or par-
titions ordinarily extend from the tube sheet
to the stationary head cover plate, and the
joint between the cover plate and the corre-
sponding end of each partition is sealed. The
cover plate 1s secured to the stationary head
by bolts or the like and when fluid under
considerable pressure is supplied to the cover
plate, the fluid pressure has a tendency to
torce the stationarv head cover plate away
from 1ts seat and/oi to cause the cover plate
to bow outwardly and strain the joint be-
tween 1t and the stationary head and cause
leakage between the cover plate and the cor-
responding end or ends of the partition or
partitions which divide the interior of the
stationary head into the aforementioned se-
ries of chambers. One way of maintaining
the joint between the stationary head and
the cover plate tight under high fluid pres-
sures, 1s to employ exceptionally large bolts
and 1ncrease the diameter of the cover plate
and the corresponding stationary head flange
in order to accommodate such large bolts, and
one way of preventing the cover plate from
bowing outwardly under high fluid pressures
1s to brace or stay it in some way. Both of
these expedients are expensive and greatly
increase the size of the heat exchanger.

In accordance with the pbresent invention,
v novel joint 1s provided tetween the flange
of i1 stationary head and the outside cover

plate, which remains tight under the highest
working fluid pressures to which the heat
exchanger is subjected and which does not
require exceptionally large bolts or any in-
crease 1n diameter of the cover plate and the
corresponding flange of the stationary head.

This novel joint includes a metal sealing
ring which is %

In the corresponding surfaces of the cover
plate and the stationary head flange, these
grooves being of less dimension than the cor-
responding portions of the ring so that the
ring 1s wedged into the grooves when the
cover plate bolts are tightened down. The
sealing ring may be provided with an internal
radial slot, making it U-shaped in cross-sec-
tion, this slot communicating with the high
pressure side of the heat exchanger in such
a way that the ring is forced more tightl
into 1ts seat in response to increased flui
pressures 1n the exchanger to more tightly
seal the joint between the stationary iead
and 1ts cover plate. '

Also, in accordance with the present inven-
tion, an inner cover plate of light construc-
tion is secured to the stationary head within
the outer cover plate and forms a chamber
between the two cover plates which commu-
nicates with the inlet of the exchanger so as
to be subject to the highest fluid pressure to
which the exchanger is subjected. The par-

tition or partitions in the stationary head are

connected {o the inner cover plate and since
the fluid pressures on both sides of the inner
cover plate are equalized, the inner cover
plate cannot bow outwardly under high
pressures and the joints between it and the
partition or partitions remain tight at all
times. In fact, since the outer surface of the
Inner cover plate is subjected uniformly to
the highest fluid pressures to which the heat
exchanger is subjected and as the inner sur-
face of the inner cover plate is not subjected
uniformly to the highest fluid pressure, the

pressure on the cuter surface of the inner

cover plate 1s slightly higher and tends te

orced into registering grooves
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hold the plate on its seat and more tightly

seal the joint between it and the partition or
partitions. With this construction the outer
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‘11 size.
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cover plate can be made lighter and smaller

Other advantages of the invention will be
more apparent upon considering the follow-
ing detailed description which 1s to be taken
in conjunction with the accompanying draw-

- 1ng, in which: |
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Fig. 1 1s an elevation partly in section of
a heat exchanger embodying the invention;

Fig. 2 is a transverse section thereof as
seen along the line 2—2 of Fig. 1;

Fig. 3 1s an enlarged fragmentary section

of the joint between the stationary head and
the outer cover plate; _

" Fig. 4 1llustrates a modified form of seal-
ing ring before the outer cover plate is tight-
ened down -

Fig. 5 1s a similar view illustrating the
condition of the sealing ring after the outer
cover plate has been tightened down; and

Fig. 6 is a view of another modified form

- of the invention.
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In the drawing, numeral 10 designates the
cylindrical shell of the heat exchanger, hav-
ing a cap 11 closing one end thereof, and con-
nected to a tube sheet 12 by means of a plu-
rality of bolts 13. The shell 10 contains &
number of tubes 14 which are expanded into
or otherwise secured to the tube sheet 12.
The shell 10 is provided with a fluid inlet 15
and a fluid outlet 16, and a longitudinally ex-
tending baffle 17 which divides the shell into
two compartments communicating with each
other near that end of the shell adjacent the
cap 11. This arrangement is such that the
fluid entering the shell through the inlet 15
traverses the length of the shell to the cap 11
and then flows back toward the tube sheet 12

‘and 1s discharged through outlet 16. The

tubes 14 may be of U-shaped construction
with both ends of each tube secured through
the tube sheet 12, or they may be substan-
tially straight tubes having their ends se-
cured to tube sheets located at the opposite
ends of the shell 10. In either case the tubes
are arranged so as to provide for a multi-
pass flow of the fluid supplied to the tubes.
The tube sheet 12 is illustrated as forming

- an integral part of the stationary head 18.

This stationary head consists of a single
block of metal of relatively massive propor-
tions adapted to withstand high pressures.

- The stationary head 18 is provided with a
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chamber 19 and with a fluid inlet 20 which
communicates with chamber 19. The sta-

‘tionary head 18 is also provided with an out-

let 21 and has an opening at its outer end
which defines the flange 22 and which is of
suflicient size to permit ready access to the

£hamber 19 and to the tube sheet 12, whereby

the tubes 14 may be cleaned at intervals or

replaced as may be necessary or desirable.
‘A partition 23 extends outwardly from the

tube sheet 12 and formsl a second chamber 24

1,807,218

within the stationary head 18 which commu-
nicates with the outlet 91, |

The stationary head 18 1s counter-bored to
provide the seat 26 for the inner cover plate
25, which 1s made relatively Light and thin.
This 1nner cover plate 25 1s secured on the
seat over gasket 24" by means of a plurality
of threaded studs 27, which are secured to the
stationary head 18 and permit ready removal

of the plate for cleaning and repairing the

interior ot the exchanger. The outer end of
the partition 23 is secured to the inner cover
plate 25 by means of bolts 28, and a gasket
29 1s 1nterposed between the partition 23 and
the 1nner cover plate 25 to seal the joint be-
tween them. An opening 30 in the inner

cover plate 25 connects the inlet or high pres-

sure chamber 19 with the outer surface of the
inner cover plate for a purpose to be ex-
plained later. - _

Secured to the flange 22 of the stationary
head 18 by means of a plurality of relatively
large bolts 31 is the outer cover plate 82
which 1s made relatively large and heavy as
compared to the light and thin inner cover
plate 25. This outer cover plate 32 forms
with inner cover plate 25 the chamber 18’
within the stationary head 18.

Interposed between the cooperating sur-

faces of the stationary head flange 22 and

the mmmner surface of outer cover plate 32 is
a sealing ring 33 of steel or other suitable
material. As illustrated especially in Fig.
3, the sealing ring 33 is substantially rectan-
gular m cross-section and the rounded axial
edges thereof are seated in the grooves 34
and 35 forined in the cooperating surfaces
of stationary head flange 22 and outer cover
plate 32, respectively. These grooves are
formed with tapering walls and .are of less
dimension than the ring 33, i. e., the ring is
slightly larger than the grooves and engages
the outer sloping sides of the grooves before
1t engages the inner sides thereof, so that
the ring i1s not only wedged axially into the
grooves when the cover plate 32 is tightened
down, but is also compressed radially into
the grooves. Because of this construction.
the more the bolts 31 are tightened, the tight-
er will be the seal formed by the sealing
ring 33. The radial compression of ring 33
causes it to act like a spring when released,

'so that as the joint tends to loosen slightly

In response to high pressures acting upon
the inner surface of the outer cover plate 32,
the ring 33 will expand radially to maintain
the joint tight. Also, the differential pres-
sure between the inner and outer axial sur-
faces of the ring will tend to cause the ring
to seat more securely in the grooves 34, 35,
as the pressure within the exchanger in-
creases. -

The 1nner cover plate 25 i1s so arranged
that fluid of the highest pressure to which
the exchanger 1s subjected is applied to the

70

75

30

85

00

05

100

110

115



~ to more securely seal the joint between 1t and

10
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outer surface of inner cover plate 25 and
forces the latter inwardly against its_gasket

its seat 26 and also to force the inner cover

plate 25 against the partition 23 to more

tightly seal the joint between them. This
arrangement compensates for any tendency
of the inner cover plate 25 to bow outwardly
In response to excessive pressures to which
it may be subjected and the pressure differ-

ential between the chamber 18’ and the out-
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let chamber 24, due to the pressure loss

through the tubes 14, serves to procure the
effect just described. Furthermore, because
the outer cover plate is not required to form
a seal against the partition 23, this cover
plate may be made lighter and smaller than

would be feasible if the inner cover plate

were not provided. |
A modified form of the sealing ring is il-
lustrated in Figs. 4 and 5, Fig. 4 1llustrating

the ring before it 1s compressed and Fig. 5

illustrating the ring after it is compressed

by the tighteming down of the outer cover
plate 32" upon the flange 22’ of the station--

~ary head. The sealing ring 36 is U-shaped

1n cross-section with the slot 37 thereof on
its inner surface. In its initial form, the
sealing ring 36 is expanded with its side walls
diverging as illustrated in Fig. 4, so as to
compensate for the partial collapse thereof

which naturally takes place because of its

unsupported lateral walls when high pres-
sure 1s applied thereto upon tightening down
of the outer cover plate 32’. The corre-

sponding grooves in the cooperating surfaces

- of the stationary head flange 22” and the
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outer cover plate 32’ are shaped to corre-

spond to the compressed configuration of
the ring 36 and are accordingly of different
curvature than that of the corresponding
stdes of the ring when it 1s expanded, as 1s
indicated 1n Fig. 4. S '

A fter the ring 36 is compressed, 1t has the
form i]lustrat'ef in Fig. 5, the lateral curved
edges of the ring having been forced into the
groaves 1n the stationarly head flange 22" and
the outer cover plate 32’ to fit closely therein,
this action taking place as the result of the
compression of the ring in the manner de-

scribed. The shape of the ring 36 is such

that the flu:d pressure applied to the inner
surface thereof is distributed outwardly in
all directions from the surfaces of the slot
37, so that the ring is seated more tightly in
the grooves and the effectiveness of the seal
increases with the pressure to which the ring
36 is subjected. . .

A modified form of the invention is illus-
trated in Fig. 6, which differs from the forms
illustrated in the preceding drawing in that
the sealing ring between the flange of the sta-
tionary head and the outer cover plate is om1t-
ted, the joint between them being sealed by
a gasket interposed between them. The jomnt

between the stationary head 'ﬂa;nge 22" and

3

the outer cover plate 32’ is secured by a plu-

rality of bolts distributed around the pe-
riphery thereof.: In this arrangement the in-
ner cover plate 25’ is provided to equalize the
fluid pressures at the inner surface of the
outer cover plate 32’” for the purpose de-
scribed. Inasmuch as other details of the

70

modified form of the exchanger illustrated in

Fig. 6 are the same as those described in con-

nection “with the

drawing, it will not
description. .
~ It 1s to be understood that the invention
1s not limited to the particular embodiments
thereof which are illustrated in the accom-

receding figures of the
necessary to repeat this

panying drawing, but includes such modifi-

cations as fall within the scope of the append-

‘ed claims. Forexample, the various modified

forms of the invention or parts thereof, may

‘be used with heat exchangers or other fluid

pressure apparatus, and various combinations
of the several forms of the invention may

be used as desired or required. Also, while

the tube sheet 12 has been illustrated and de-
scribed as integral with the stationary head
18 as the preferred form of construction, the

tube sheet 12 may be made separate and se-

cured to the hea
"We claim :— -
1. A heat exchanger comprising a head
having a chamber therein and an openin
for access to said chamber, a plurality o
tubes communicating with the chamber, a

18 in any suitable way.

~cover plate for the opening in the head, a

sealing ring between the cover plate and the
cooperating surface of the head, said ring
being substantially U-shaped in cross-section,
the cooperating surfaces of the cover plate
and head having registering grooves for re-
ceiving the corresponding edges of the ring,
and means for tightening the cover plate on
the head. R

2. A heat exchanger comprising a head
having a chamber therein and an openin

cover plate for the opening in the head, a

sealing ring between the cover plate and the

cooperating surface of the head, said ring
being substantially U-shaped in cross-section,

the cooperating sirfaces of the cover plate

and head having registering grooves for re-
ceiving the corresponding sides of the ring
with the recess in the ring communicatin
with the space between said surfaces, an
means for tightening the cover plate on the

head to partially compress the ring into the

corresponding grooves. |

3. A heat exchanger comprising a head

having a chamber therein and a opening for

access to said chamber, a plurality of tubes
communicating with the chamber, a partition
in the chamber dividing it into a plurality
of compartments each communicating with
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for access to said chamber, a plurality of -
tubes communicating with the chamber, a
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- different tubeé, a relatively heavy cover plate
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for the opening in the head, a relatively light
inner cover plate forming a second chamber
in the head, and connections between at least
one of the said compartments and the said
second chamber. =~ .

4. A heat exchanger comprising a head
having a chamber therein and an opening for
access to sald chamber, a plurality of tubes
communicating with the chamber, a partition
in the chamber dividing it into a plurality of

compartments, one of which is an inlet com-

partment, a cover plate for the opening in the
head, an inner cover plate forming a second
chamber in the head, and connections between
the inlet compartment in the chamber and
the said second chamber. |

- - 8. A heat exchanger comprising a head
having a chamber therein and an opening for

access to sald chamber, a partition in the
chamber dividing it into a plurality of com-
partments each communicating with different

tubes, a cover plate for the opening in the

head, an inner cover plate forming a second
chamber in the head, means securing the in-
ner cover plate to the partition, and connec-
tions between at least one of the compart-
ments and the said second chamber.

6. A heat exchanger comprising a head
having a chamber therein and an opening
for access to the chamber, a tube sheet on the

head, a plurality of tubes connected to the

tube sheet and communicating with the cham-
ber, an outer cover plate for the opening in
the head, an inner cover plate forming an en-

closed space with the outer cover plate, a par-

tition connected at one end to the tube sheet
and at the other end to the inner cover plate
for dividing the chamber into a pair of cham-
bers each communicating with different tubes,
a fluid inlet connected to one compartment,
and connections between the inlet compert-
ment and the said enclosed space for cresting
a fluid pressure on the outer surface of the
Inner cover plate. .

7. A heat exchanger comprising a head
having a chamber and an opening for access
to said chamber, a plurality of tubes com-

1,897,218

ments each commﬁnica,ting’ with different -

tubes, a sealing ring between the outer cover
plate and the head, fluid connections between
one side of the sealing ring and the enclosed
space, and fluid connections between the
chamber and the enclosed space.

In testimony whereof we affix our signa-

tures. -
- JOSEPH PRICE.
STANLEY BROWN.

municating with the chamber, an outer cover

plate for the opening in the head, an inner
cover plate forming an enclosed space with
the outer cover plate, a sealing ring between
the outer cover plate and the head, fluid con-
nections between one side of the sealing ring
and the enclosed space, and fluid connections
between the chamber and the enclosed space.

8. A heat exchanger comprising a head
having a chamber and an opening for access
to said chamber, a plurality of tubes com-

municating with the chamber, an outer cover -

plate for the opening in the head, an inner
cover plate forming an enclosed space with
the outer cover plate, a partition in the cham-
ber engaging the inner cover plate and divid-
ing the chamber into a plurality of compart-
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