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(54) Plate type heat exchanger
with bar means for flow control
and structural support

(57) A plate type heat exchanger is
shown in which liquid and vaporous
phases of a heat exchange fluid are
separately distributed uniformly
across the width of a heat ex-
changer and after mixing, flow ther-
ethrough in heat exchange relation-
ship with a feed fluid. Crossover
means 29 are disposed in the met-
allic plates 2 separating adjacent
passages 9, 10 in which the fluid
and vaporous heat exchange fluids

flow and are operative to provide
fluid communication between the
adjacent passages so that the two
phases of heat exchange fluid may
mix. Slotted metallic bars 27 pro-
vide structural support to the metal-
lic plates in the proximity of the
crossover means and restrict the
flow of one of the liquid and vapo-
rous fluids through the crossover
means.

In one embodiment of the inven-
tion, the rate of flow of one of the
heat exchange fluids through the
heat exchanger is continuously ad-
justable over a limited range by
metering control means, in another
embodiment, it is controlled in dis-
crete steps. The spacing, width, an-
d/or depth of the slots formed in
the slotted metallic bars otherwise
determine the rate of fluid flow
through the crossover means, for a
given pressure drop.
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SPECIFICATION

Plate type heat exchanger with bar means
for flow control and structural support

Technical Field

This apparatus is concerned generally with
a plate type heat exchanger in which liquid
and vaporous phases of a heat exchange fluid
are separately distributed, then combined to
flow therethrough in heat exchange relation-
ship with a feed fluid, and in particular,
concerns the use of slotted metallic bars to
control the rate of flow of one of the heat
exchange fluids, and to provide substantial
structural support for the plates of the heat
exchanger.

Background Art

In certain manufacturing processes, it is
necessary to provide heat transfer between
combined liquid and vaporous phases of a
heat exchange fluid, and a feed fluid. For
efficient operation and optimum heat transfer,
the liquid and vapor should be uniformly
distributed across the width of the heat ex-
changer prior to passing in heat exchange
relationship with the feed fluid. Apparatus and
a method for accomplishing this are disclosed
in U.S. Patent No. 3,659,722, assigned to
the same assignee as the present invention.

In the ‘722 patent, transfer passage means
provide fluid communication between the lig-
uid and vapor passages and are disclosed as a
slot in the metallic plates separating the liquid
and vapor, extending the width of the heat
exchanger. Since the heat exchanger structure
is weakened by the slot in the plates, a
corrugated sheet metal fin is shown “’bridg-
ing’”’ the slot to support the metallic plates on
each side of the slot. The corrugations of the
“*bridging’’ fin are aligned parallel to the
longitudinal axis of the heat exchanger and do
not significantly inhibit fluid flow through the
transfer passage means. Upstream of the
“*bridging’” fin, another rectangular-shaped
corrugated fin structure is disposed with the
corrugations extending across the fluid flow
path, so that the fluid is forced to flow
through perforations in the fin walls, in the
“"hard’’ way. These ‘hard way"’ fins improve
the lateral distribution of the fluid in the
passages wherein they are disposed and par-
tially restrict fluid flow through the heat ex-
changer is accordance with design criteria.

An alternative prior art design uses sparge
tubes (conduit having a plurality of perfora-
tions therein) to distribute one of the fluid
phases across the width of the heat exhanger
prior to admitting it into flow passages in
which the other heat exchange fluid has been
distributed. An example of this type heat
exchanger is disclosed in U.S. Patent
3,895,676. The sparge tube heat exchanger
typically is used for moderate two phase fluid

flow rate applications at low pressure, €.9.,
less than 250 psi, although it can be built to
operate at higher pressures, in excess of 700
psi. By comparison, the maximum pressure
70 rating of a typical heat exchanger built accord-
ing to the /722 patent is about 525 psi. The
“*bridging’’ fins and “‘hard way’’ fins used in
the split parting plate heat exchanger limit the
structural strength and subsequently, the pres-
75 sure rating of that type heat exchanger.

Heat exchangers of the type cited operate
efficiently only at specific mass flow ratios of
the liquid and vaporous phases. Although
such heat exchangers may operate properly

80 when the flow rates of both the liquid and
vapor change by the same percentage, they
are generally inefficient in coping with signifi-
cant changes in the ratio of liquid flow to
vapor flow. For example, a significant increase

85 in the liquid flow may flood or “‘drown’’ the
vapor distribution means, thereby preventing
proper distribution of the vapor across the
heat exchanger prior to mixing with the liquid.
Heat exchangers of prior art design have not

90 provided means to meet the requirements of
processes in which the ratio of liquid to vapor
flow may change substantially, as for example
during start-up and shut-down, or during op-
eration under stable temperature conditions

95 which prevent the mass flow ratio from reach-
ing equilibrium. The ratio of liquid to vapor
flow cannot be controlled over more than a
very narrow range by means external to the
heat exchanger without interfering with the

100 efficient distribution and mixing of the liquid
and vapor fluids internal to the heat ex-
changer.

in consideration of the above problems, the
present invention provides the means to ex-

105 tend the pressure rating of a split plate-type
heat exchanger to a level over 700 psi, and
the means to control the ratio of liquid to
vapor flow through the heat exchanger over a
much wider range than previously available.

110
Disclosure of the Invention

The subject invention is a plate-type heat
exchanger in which metallic plates of similar
shape, length, and width are arranged in

115 spaced apart, parallel relationship along a
common longitudinal axis. The plates are seal-
ingly connected along their periphery by first
sealing means, which together with the plates
define: shallow elongated passages between

120 the plates; first inlet means for admitting one
of the vaporous and liquid phase heat ex-
change fluids into first one of said passages;
second inlet means for admitting the other of
said heat exchange fluids into second ones of

125 the passages, each of which are adjacent at
least one of the first passages; and outlet
means for conveying the liquid and vapor, in
combination, out of the heat exchanger. The
first and second inlet means are adjacent one

130 end of the heat exchanger and the outlet
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vide a simplified means of restricting the rate

2 GB2064748A 2
means are adjacent the other end. Second of flow of one of the heat exchange fluids
sealing means divide the second passages through a plate-type heat exchanger, said
into other heat exchange fluid passages on means also being operative to provide sub-
the side which is connected to the second stantial support to the metallic plates, where

5 inlet means, and feed fluid passages on the 70 they are split to allow fluid communication
other side. between the passages in which the two heat
First and second distribution means are exchange fluids are distributed.
operative to separately distribute the two A further object of this invention is to
phases of the heat exchange fluids uniformly selectively and efficiently operate such a plate-

10 across the width of the heat exchanger in the 75 type heat exchanger at one of three conditions
first and in the other heat exchange fluid of flow of one of the liquid and vaporous
passages, respectively. Crossover means dis- fluids through the heat exchanger, to provide
posed in and through the metallic plates sep- thereby a wider range of mass flow ratio of
arating the first passages from the other heat liquid to vapor without detriment to the effici-

15 exchange fluid passages convey the other 80 ent operation of the heat exchanger.
heat exchange fluid therethrough so that it Still a further object of this invention is to
combines with the one heat exchange fluid provide means to adjust the rate of flow of
flowing in the first passages. The crossover one of the liquid and vaporous fluids over a
means are disposed transversely across the continuous range so that the ratio of mass

20 longitudinal axis of the heat exchanger, on the 85 flow of the two fluids may be altered to meet
same side of the second sealing means as the changing requirements of certain processes,
second inlet means. without detriment to the efficient operation of

Bar mears are disposed within the other the heat exchanger.
heat exchange fluid passages, parallel to and These and other objects of the present

25 abridging the crossover means and providing 90 invention will become apparent from the fol-
substantial support for the metallic plates in lowing description of the preferred embodi-
that part of the heat exchanger. The bar ments and by reference to the accompanying
means include means connecting the crosso- drawings. 1
ver means in fluid communication with the

30 other heat exchange fluid passages; said 95 Brief Description of the Drawings
means being further defined as slots of pre- Figure 1 is a front elevation of a plate-type
determined width, depth, and/or spacing to heat exchanger showing the general flow
control the flow of the other heat exchange paths of the fluids therein for several embodi-
fluid through the crossover means. ments of the invention.

356  Feed fluid inlet means admit the feed fluid 100 Figure 2 is a side elevation of the heat
into the feed fluid passages in heat exchange exchanger of Fig. 1.
relationship with the combined liquid and va- Figure 3 is a section taken at line 3-3 of
porous heat exchange fluids flowing in the Fig. 1 showing an embodiment of the inven-
first passages, and feed fluid outlet means tion.

40 convey the feed fluid out of the heat ex- 105  Figure 3Ais an enlarged view of a portion
changer. of Fig. 3 showing the flow of fluid around the

In one embodiment, metering control slotted metallic bar.
means, including rods with flat sides disposed Figure 4 is a section taken at line 3-3 of
in a cylindrical bore in each of the bar means, Fig. 1 showing another embodiment of the

45 are operative to provide for adjustment of the 110 invention.
rate of flow of the other heat exchange fluid Figure 5 is a section taken at line 5-5 of
through the crossover means. Fig. 2.

In another embodiment, the second inlet Figure 6 is a section taken at line 66 of
means are divided for selectively admitting the Fig. 3.

50 other heat exchange fluid only into first ones 115 Figure 7 is a section taken at line 7-7 of
of the other heat exchange fluid passages as a Fig. 4.
first condition of flow, only into second ones Figure 8 is a section taken at line 3-3 of
of the other heat exchange fluid passages as a Fig. 1 showing another embodiment of the
second condition of flow, and into both as a invention.

55 third condition of flow. This permits control of 120  Figures 8A and 8B show the relatively
the other heat exchange fluid flow rate in different spacing and dimensions of slots
discrete steps. formed in two metallic bars used in the heat

An object of this invention is to provide a exchanger of Fig. 8.
heat exchanger capable of efficient heat trans- Figure 9 is a section taken at line 3-3 of

60 fer between a two-phase liquid and vaporous 125 Fig 1 showing still another embodiment of the
heat exchange fluid and a feed fluid at rela- invention. L
tively high operating pressures (substantially Figures 9A and 9B show the relatively
in excess of 525 psi). different spacing and dimensions of slots

Another object of this invention is to pro- formed in the metallic bars used in the heat

65 130 exchanger of Fig. 9.



GB2064748A 3

10

15

20

25

30

35

40

45

50

55

60

65

Figure 10 shows a partially cut-away and
enlarged side elevation view of an embodi-
ment of the invention, specifically that part
wherein metering control means are included.

Figures 10A and 10B show details of an
end view of the two embodiments of the
metering control means of Fig. 10, and the
relative extreme positions of the rods included

“therein.

Figure 11 is a front elevation view of a
plate-type heat exchanger showing the flow
paths of the fluids therein the embodiments in
which there is provision for tandem liquid
flow.

Figure 12 is a section taken at line 12-12
of Fig. 11, showing an embodiment of the
invention.

Figure 13 is a section taken at line 12-12
of Fig. 11, showing another embodiment of
the invention.

Figure 14 shows a section taken at line
14-14 of Fig. 12.

Figure 15 is a section taken at line 156-15
of Fig. 12.

Figure 16 is a section taken at line 16-16
of Fig. 12.

Figure 17 shows the distinguishing relative
dimensions of one embodiment of the metallic
bars which are included in the invention.

Description of the Preferred Embodiments

With reference to Fig. 1, the pattern of flow
through the heat exchanger of a liquid and
vaporous heat exchange fluid, and of a feed
fluid are generally shown for a first group of
embodiments of the invention. The flow path
of the liquid heat exchange fluid is repre-
sented by solid lines; the flow path of the
vaporous heat exchange fluid is represented
by dashed lines; and the flow path of the feed
fiuid is represented by alternating dot and
dash lines. Throughout the following explana-
tion, for purposes of convenience, one of the
heat exchange fluids will be referred to simply
as vapor, and the other heat exchange fluid as
liquid. It should be understood, however, that
the flow path of liquid and vapor through the
heat exchanger may be interchanged within
the scope of the claims.

As shown clearly in Fig. 2, the heat ex-
changer 1a is constructed of flat metallic
plates, of similar shape, length, and width,
spaced apart in parallel relationship and
sealed at the edges by first sealing means
comprising sealing bars 4, connecting the
plates together at their perimeters.

Attention is now directed to Figs. 3-7 for
an explanation of two different embodiments
of the present invention. First inlet means
comprises first inlet 8a and first header 8.
Metallic plates 2 and sealing bars 4 define
first inlet 8a which provides an opening into
the heat exchanger for a vapor to flow from
first inlet header 8 which is sealingly attached
to the heat exchanger in surrounding relation-

ship to the first inlet 8a. The vapor flows
through first inlet 8a into first passages 9 and
is uniformly distributed across the width of
the heat exchanger by first distribution means
70 comprising a small triangular shaped corru-
gated metallic sheet fin material 22, a trape-
zoidal shaped corrugated sheet fin material
23, and an orifice metering strip 24. The flow
of the vapor is generally directed parallel to
75 the crests of the corrugated metallic sheet fin
materials 22 and 23 across the width of the
heat exchanger. Orifice metering strip 24 con-
sists of bar stock extending across the width
of the heat exchanger, through which a plural-
80 ity of perforations of specific number and
diameter are formed to encourage the flow of
the vapor through the heat exchanger in a
well distributed manner, and to provide for
increased vapor velocity as the vapor exits
85 these perforations. The resultant high vapor
velocity reduces flooding of the first distribu-
tion means by the liquid as will be explained
hereinbelow.
The second passages 19 are divided by
90 second sealing means comprising sealing bars
17 into liquid passages 18, and feed fluid
passages 10. Liquid enters the heat exchanger
through second inlet means comprising sec-
ond inlet 11a, sealingly enclosed by second
95 inlet header 11. The liquid entering second
inlet 11a is uniformly distributed across the
width of the heat exchanger in liquid passages
18 by two triangular shaped corrugated met-
allic sheet fin structures 25 and 26. Immedi-
100 ately downstream of fin material 26 are bar
means, comprising in one embodiment,
slotted metallic bars 27 and in another em-
bodiment, slotted metallic bars 28. Slotted
metallic bars 27 and 28 extend substantially
105 across the width of the heat exchanger, as
shown in Figs. 6 and 7, respectively.
Referring now to Figs. 3, 3A, and 4, slots
27a are formed across a first and second
surface of slotted metallic bars 27, in a direc-
110 tion generally parallel to the longitudinal axis
of metallic plates 2, and in overlying relation-
ship with crossover means comprising slots
29 formed in metallic plates 2 which separate
the first passages 9 from the liquid passages
115 18. As shown in Fig. 3A, the liquid may flow
in slots 27a formed on both the first and
second surfaces of slotted metallic bars 27,
thereafter combining to flow through slots 29
into first passages 9, where the liquid com-
120 bines with the vapor. In the embodiment
shown in Fig. 4, slots 28a are formed in a
third surface of the metallic bars 28, extend-
ing generally between the first and second
surfaces, and coincide at least in part in
125 overlying relationship with the crossover
means defined by slots 29. Liquid flows
through slots 28a and thereafter through slots
29 to mix with the vapor in first passages 9.
Slotted metallic bars 27 or 28 provide two
130 important functions as will be herein ex-
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plained. The crossover means defined by slots
29 in metallic plates 2 substantially weaken
the internal structure of the heat exchanger.

In the prior art, a corrugated “bridging’’ fin is
used in overlying relationship to the slot to
provide the necessary structural continuity for
the metallic plates. Since the corrugated
“*bridging’’ fins, being made of sheet metal,
are incapable of providing adequate support
to metallic plates 2 at relatively high operating
pressures, the metallic slotted bars 27 or 28
are provided in this invention in part to elimi-
nate the "‘bridging’’ fin and thereby increase
the structural strength of the heat exchanger.
The increase in structural strength results be-
cause of the greater cross section area pro-
vided by the metallic slotted bars 27 or 28 for
supporting the metallic plates 2 at each side
of the crossover means, slots 29.

It is important to distinguish over the bridg-
ing fins provided in the prior art, with respect
to this function. As a practical matter, with
the current technology and machinery used
for manufacturing corrugated metallic sheet
fin structures, the maximum fin density avail-
able can only provide a bridging fin with a
ratio of material to open space of approxi-
mately 0.4, measured transversely to the axis
of the corrugations. By comparison, the
slotted metallic bars 27 or 28 of the present
invention are typically formed with a ratio of
0.95 material to open space, thereby provid-
ing both greater surface area to which the
metallic plates 2 may be brazed and substan-
tially greater support to those plates.

In addition, slotted metallic bars 27 or 28
serve a second function, by restricting the
flow of the liquid through the crossover
means in a manner determined by the width,
depth, and/or spacing of the slots formed in
the bars. The slotted metallic bars 27 or 28
therefore also eliminate the “‘hard way’’ fins
which are used to restrict the flow of liquid in
the prior art.

The liquid which flows through slots 28
mixes with the vapor in first passages 9, and
flows through the heat exchanger in a direc-
tion parallel to the crests of corrugated metal-
lic sheet fins 9a disposed therein. Corrugated
metallic sheet fin structures 23a and 22a
operate to direct the flow of the combined
liquid and vapor toward outlet means compris-
ing outlet 32a, and outlet manifold 32, sealin-
gly attached in surrounding relationship
around outlet 32a. As it passes through the
heat exchanger, the liquid typically is substan-
tially evaporated such that the fluid exiting
through outlet 32a is essentially vaporous.

The feed fluid enters the heat exchanger
from feed fluid inlet means comprising inlet
20a and header 20 which is sealingly at-
tached in surrounding relationship around
feed fluid inlet 20a. The feed fluid is thereaf-
ter distributed by triangular-shaped corrugated
sheet fin structures 40a and 39a so that it

may uniformly flow through the feed fluid
passages 10 in heat exchange relationship
with the combined vapor and liquid, to be
collected by similarly shaped corrugated met-

70 allic sheet fin structures 40 and 39. The feed
fluid passes out of the heat exchanger through
feed fluid outlet means comprising feed fluid
outlet 21a and feed fluid manifold 21 which
is sealingly attached in surrounding relation-

75 ship around feed fluid outlet 21a. Heat trans-
fer between the feed fluid and the combined
liquid and vapor heat exchange fluids occur in
the heat exchanger in that area contiguous to
the feed fluid passages 10.

80 Turning now to Figs. 8 and 9, two addi-
tional embodiments are shown in which the
crossover means defined by slots 29 are dis-
posed in both metallic plates 2 which define
each of the first passages 9. In both of these

85 embodiments, liquid from liquid passages 18
flow through slots 27a and b, or 28a and b,
and through the crossover means defined by
slots 29 which are adjacent thereto. Since the
liquid passages 18 which are located adjacent

90 the exterior metallic plates 2 of the heat
exchanger only supply liquid to one first pas-
sage 9 as compared to the other liquid pas-
sages 18 which are located on the interior
portions of the heat exchanger and which

95 each supply liquid to two first passages 9, the
slots 27a or 28a are of wider spacing and/or
narrower width than the slots 27b or 28b, to
provide for substantially less flow of liquid
therethrough, at the same pressure drop. Figs.

100 8A, 8B, 9A, and 9B, show the relative spac-
ing of slots 28a and 28b, and slots 27a and
27b. It should further be clear from these
representations that slots formed in metallic
bars 27 or 28 of different depth, width,

105 and/or spacing are therefore operative to re-
strict the rate of flow of one of the heat
exchange fluids through the heat exchanger to
a predetermined level, in proportion to these
dimensional parameters.

110 The width of slots 29 which define crosso-
ver means in the metallic plates 2 must be
maintained to an acceptable tolerance during
construction of the heat exchanger. This is
typically accomplished by inserting a spacer

115 strip at each end of the slots 29 during lay-up
of the metallic plates 2.

A rounded spacer rib 31 is shown disposed
on the side of the slotted metallic bars 27
adjacent metallic fin structures 26, and on

120 this and the opposite side of slotted metallic
bars 28, for the purpose of maintaining
spaced apart relationship between the body of
these bars and the corrugated metallic fin
structures 26, and sealing bars 17.

125 With regard to the slotted metallic bars 28,
it will be apparent that sealing bars 17 are not
required for sealingly separating the liquid
from the feed fluid. The metallic bars 28
provide this additional function, by being

130 brazed to the metallic plates 2 in that portion

o
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which is not slotted. Sealing bars 17 provide
a second seal.

Referring now to Figs. 10, 10A, and 10B,
an embodiment of this invention is shown in
which the slotted metallic bars 27 include
metering control means, comprising a cylindri-
cal bore 34 which extends substantially the
entire length of the slotted bars 27, and
intersects at least in part the slots 27a which
are formed therein. A rod 34a or 34b having
one or two flat sides 35, and a diameter only
slightly less than the diameter of bore 34, is
inserted therein such that it may be rotated
within bore 34 through at least an angle of
90°. The rods 34a or 34b extend slightly
beyond the first sealing means on the edge of
the heat exchanger which is opposite the edge
in which second inlet means 11a and feed
fluid inlet means 21a are disposed, and are
connected together on that end by linkage
means comprising individual connecting links
37 and a main linkage 36. The individual
connecting links 37 are appropriately attached
to the ends of rods 34a or 34b, as for
example by self-tapping metal screws 39, so
that if connecting link 37 is moved in an arc
around the center of screw 39, the rods 34a
or 34b are caused to revolve around their
longitudinal axis. The individual connecting
links 37 are attached to the main linkage 36
by a pivotal connection 33, so that as the
main linkage 36 is moved from side to side
the rods 34a or 34b are caused to rotate
about an angle of approximately 90°. Figs.
10A and 10B show the extreme positions
which the rods 34a or 34b may assume at
the extremes of this 90° angle of rotation.

It should be apparent that as rods 34a or
34b rotate, they offer minimum flow impe-
dance when the flat surfaces 34 are parallel
with the metallic plates 2, and maximum flow
impedance when the flat surfaces 35 are at
right angles to the metallic plates 2. The flow
of liquid through crossover means defined by
slots 29 is therefore determined over at least
a limited range by the rotational position of
the rods 34a or 34b, and by the dimension
and spacing of the slots 27a in the slotted
metallic bars 27. The embodiment shown in
Fig. 10B, wherein slots 27a are formed on
only the first surface of slotted metallic bars
27, is disposed in liquid passages 18 which
are adjacent to exterior metallic plates 2 of the
heat exchanger; and the embodiment shown
in Fig. 10A, wherein slots 27a are formed on
the first and second surfaces of the slotted
metallic bars 27, are disposed in interior lig-
uid passages 18 wherein crossover means
defined by slots 29 are adjacent the first and
second surfaces of the slotted metallic bars
27.

It is anticipated that the rods 34a and 34b
would be inserted into the heat exchanger
after it is constructed and brazed, through the
cylindrical bores 34, and sealed with 0"

rings disposed near the end adjacent the
individual connecting links 37. The rods 34a
or 34b would be cylindrical at each end
where they extend through sealing bars 4, the

70 flat part of the rods 34a or 34b being limited
to the section between opposite sealing bars
4. Leakage between adjacent slots 27a along
each cylindrical bore 34 is not considered to
be of concern because of the common condi-

75 tions of pressure and flow which exist at each
slot therein.

Referring now to Fig. 11, another embodi-
ment of the invention is shown in which liquid
is admitted into a heat exchanger 1b separ-

80 ately through second inlet means divided for
selectively admitting a liquid A and a liquid B
in order to provide three conditions of liquid
flow through the heat exchanger. The flow
path of liquid A through the heat exchanger

85 1b is generally noted by solid lines having
cross hatches thereon, and the flow of other
fluids therethrough is noted as before in Fig.
1. In these embodiments of the invention,
liquid A is controlled by valve 41 and enters

90 the heat exchanger 1b from second inlet
means comprising second inlet 11c and sec-
ond inlet header 11b, which is sealingly at-
tached in surrounding relationship around sec-
ond inlet 11c. Liquid A flows into liquid

95 passages 18a and is distributed uniformly
across the width of the heat exchanger by
triangular shaped corrugated metallic sheet fin
structures 25b and 26b. Liquid B is controlied
by valve 42 and otherwise flows through the

100 heat exchanger in a fashion analogous to
liquid A as already explained.

With reference to Figs. 14, 15, and 16,
one embodiment of the invention is shown
utilizing slotted metallic bars 28 having slots

105 28a or 28b formed therein to restrict the flow
of liquid A and liquid B respectively, through
crossover means defined by slots 29 in metal-
lic sheets 2. Slotted metallic bars 28 with
slots 28a are disposed in liquid passages 18a

110 to restrict the flow of liquid A, whereas slotted

metallic bars 28 having slots 28b formed
therein are disposed in liquid passages 18 to
restrict the flow of liquid B through crossover

means defined by slots 29.

Referring to Fig. 12, from left to right are
shown in sequence distribution means for the
liquid A, the vapor, the liquid B the vapor, the
liquid A, the vapor, and the liquid B. Al-
though slotted metallic bars 28 are shown in
120 the embodiment of Fig. 12, slotted metallic

bars 27 are equally applicable as is shown in
Fig. 13. Referring to Fig. 12, it should be
apparent that liquid A is restricted in flow be
the slots 28a, and liquid B is restricted by

125 slots 28b; likewise, as shown in Fig. 13, the
flow of liquid A is restricted by slots 27b and
the flow of liquid B is restricted by slots 27c.
It is thus possible to operate either embodi-
ment of the invention in three different condi-

130 tions of liquid flow, i.e., one in which only
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liquid A is admitted as a first condition of flow
of liquid through the heat exchanger; one in
which only liquid B is admitted as a second
condition of flow of liquid through the heat
exchanger; or one in which both liquid A and
liquid B are together admitted as a third
condition of flow of liquid through the heat
exchanger. As a specific example, the mass
flow ratio of liquid to vapor might be 1:3 for
liquid A only, 2:3 for liquid B only, and 1:1
for both liquid A and liquid B.

It is also anticipated that liquid A and liquid
B could be derived from separate sources, and
that their flow through the heat exchanger
would be determined by the relative dimen-
sion and/or spacing of slots disposed in the
slotted metallic bars 27 or 28, thereby provid-
ing the same or different rate of flow of the
liquids A and B through the heat exchanger in
accord with specific process requirements. By
providing for different conditions of flow of
liquid A or liquid B through the heat ex-
changer, ihe present invention allows the ratio
of liquid to vapor to be changed in. discrete
steps by selection of the second inlet means
11a or 11c which are active to admit the
liquid into the heat exchanger. In other re-
spects these embodiments of the invention
operate as previously described.

It will be apparent that the width of the
crossover means defined by slots 29 also
affects the relative rate of flow of liquids A or
B through the heat exchanger. In considera-
tion of determining a minimum width, experi-
ments have shown that brazing filler material
will not fill-in a slot 29, which is at least
0.030'" in width. The actual lower limit is
probably slightly less than this. In practice,
the width of slot 29 will not be less than
0.045" and typically is closer to 0.090". It
has been found that a relatively wide slot 29
improves the lateral distribution of the liquid
as it flows through the slot 29 and into the
first passage 9. This places a limit on the flow
restriction which may be provided by slots 29
without reducing the optimum distribution of
liquid prior to mixing with the vapor. An
unexpected consequence of the lateral distri-
bution of liquid in slots 29 is that the rate of
flow of liquid through an orifice having a flow
area equal to the product of the width of slot
29 and the width of a slot in the metallic bars
27 or 28 is less than the rate of flow through
that combination of slot in the metallic bars
and the slot 29, other conditions being equal.
The flow is greater than through an orifice
because the slots in the metallic bars 27 or
28 and the slot 29 are in different geometric
planes, thereby allowing the fluid to disperse
through the rectangular openings formed by
the adjacent overlying surfaces of the slotted
metallic bar 27 or 28, and the slot 29. The
rate of slow is thus best controlled by the
dimensions of the slots in metallic bar 27 or
28, with enhanced distribution provided by

slots 29.
In a typical application for this invention the
pressure drop across the slot in the bars 27 or
28 and the slot 29 would fall in the range of
70 1-3 psi. The slot might be 0.090*" wide; the
slots in the bars 27 or 28, 0.030'' to 0-1"
wide and spaced according to the maximum
volume of flow required, typically at least 1/
apart. It has been observed that a slot 29
75 which is 0.090" in width will easily provide
substantially uniform lateral dispersion for lig-
uid flowing through slotted bars 28 with the
slots therein spaced at 2’/ intervals. It should
be apparent that there is a cost consideration
80 in forming slots in the metallic bars 27 or 28,
and that the required volume of fluid flow will
dictate their width and frequency.
Referring now to Fig. 17, slotted metallic
bar 27 is shown with slots 27d and 27e on
85 alternate sides, at a spacing ’S’’ and a depth
““D’*, the thickness of the bar being denoted
by “'T’". This representation of the slotted
metallic bar 27 is intended to show that
within the scope of the claims, this embodi-
90 ment of slotted metallic bar 27 is significantly
different than the "’bridging’’ fin of the prior
art. In the prior art, the bridging fin is formed
by folding corrugations in a metallic sheet of
substantially uniform thickness. From this
95 fact, it necessarily follows that the spacing
between the corrugations of the bridging fin
would be substantially the same as the thick-
ness of the metallic sheet from which-the
corrugations were folded. As claimed, how-
100 ever, slotted metallic bar 27 shown in Fig. 17
significantly differs from the “’bridging”’ fin in
that slots 27e and 27d are of spacing "'S”’
which is not equal to the difference between
the thickness of the slotted metallic bar 27
105 and the depth of the slots 27e or 27d. In
other words, the slotted metallic bar 27 could
not be formed from uniform thickness metallic
sheets, within the scope of the claims. Fur-
thermore, as explained above, the corrugated
metallic sheet bridging fin cannot be made
with the required supportive strength.

It is anticipated that the various embodi-
ments of this invention described herein
would be constructed of aluminium sheets
and extrusions or of other material having
good heat transfer characteristics. The tech-
niques of constructing a heat exchanger of
this type using brazed aluminum are well
known in the art and include assembling the
120 plates, extruded bars, and corrugated metallic

sheet fin material in a fixture, and brazing in a
salt bath or furnace.
The orifice metering strips 24 disposed in
the first passage 9 are used in these embodi-
125 ments in place of “‘hard way'’ fins to enable
the heat exchanger so constructed to operate
at high pressures. It is also anticipated that if
the subject heat exchanger were intended to
be operated at lower pressures, for economic
130 reasons, it would be desirable to replace the

110
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orifice metering strips 24 with “*hard way"’ fin
structures. The purpose of the orifice metering
strips 24 or an equivalent “‘hard way’’ fin
structure is to provide openings or perfora-
tions through which the vapor will flow at
relatively high velocity such that the liquid
entering into the first passages 9 and mixing
with the vapor therein is prevented from
flooding the first distribution means by which
the vapor is distributed uniformly across the
width of the heat exchanger. ,

It will be apparent to one skilled in the art,
that the heat exchanger could be operated
with the feed fluid flowing in opposite direc-
tions such that the feed fluid enters adjacent
the same end through which the vapor and
liquid heat exchange fluids enter, and exits
the heat exchanger adjacent the same end
through which the vapor and liquid heat ex-
change fluids exit.

While the invention has been described
with respect to preferred embodiments, it is to
be understood that modifications thereto will
be apparent to those skilled in the art within
the scope of the invention, as defined in the
claims which follow.

I claim:

CLAIMS

1. A plate type heat exchanger comprising

a. a plurality of generally planar metallic
plates of similar shape, length, and width,
arranged in spaced apart, parallel relationship
along a common longitudinal axis;

b. first sealing bars for sealingly connect-
ing said metallic plates along the periphery of
their facing surfaces, and in conjunction with
said metallic plates defining

i. a plurality of shallow, elongated pas-
sages between adjacent facing surfaces of
said metallic plates;

ii. first inlet means for admitting a first
fluid into first ones of said passages, said first
inlet means being disposed adjacent one end
of the heat exchanger, and said first passages
being non-adjacent to each other;

iii. second inlet means for admitting a
second fluid into second ones of said pas-
sages, said second inlet means also being
disposed adjacent said one end of the heat
exchanger, and each of said second passages
being adjacent at least one of said first pas-
sages, separated by said metallic plates;

iv. outlet means for conveying said first
and second fluids in combination out of the
heat exchanger, said outlet means being adja-
cent the other end of the heat exchanger;

c. second sealing bars disposed in said
second passages into which said second fluid
is admitted and extending between the first
sealing bars at opposite edges of said metallic
plates, thereby dividing each of said second
passages into a second fluid passage con-
nected to the second inlet means on one side
and third fluid passage on the other side of

said second sealing bars for conveying a third
fluid;

d. first corrugated metallic sheet fins for
distributing said first and second fluids sub-

70 stantially uniformly across the width of the
heat exchanger;

e. second corrugated metallic sheet fins
for distributing said third fluid substantially
uniformly across the width of the heat ex-

75 changer in said third fluid passages;

f. crossover passages disposed in and
passing through the metallic plates separating
said first passages conveying said first fluid
from said second fluid passages which are

80 adjacent thereto, said crossover passages pro-
viding fluid communication between said first
passages and said second fluid passages,
whereby said second fluid may flow into said
first passages, and combine with said first

85 fluid therein, following separate distribution
thereof by the first corrugated metallic sheet
fins;

g. metallic bars disposed within said sec-
ond fluid passages generally parallel to and

90 abridging the crossover passages along their
length, such that said metallic bars provide
substantial support for the metallic plates in
that part of the heat exchanger in which the
crossover passages are disposed; said metallic

95 bars including a plurality of metering passages
which provide fluid communication between
said second fluid passages and said crossover
passages, and which are operative to restrict
the flow of said second fluid through said

100 crossover passages prior to said second fluid
mixing with said first fluid in the first pas-
sages;

h. third fluid inlet means for admitting a
third fluid into the third fluid passages in heat

105 exchange relationship with the combined tirst
and second fluids flowing in said first pas-
sages; and

i. third fluid outlet means for conveying
the third fluid out of the heat exchanger.

110 2. A plate type heat exchanger comprising

a. a plurality of generally planar metallic
plates of similar shape, length, and width,
arranged in spaced apart, parallel relationship
along a common longitudinal axis;

115 b. first sealing means for sealingly con-
necting said metallic plates along the periph-
ery of their facing surfaces, and in conjunction
with said metallic plates, defining

i. a plurality of shallow, elongated pas-

120 sages between adjacent facing surfaces of
said metallic plates;

ii. first inlet means for admitting one of a
vaporous phase and a liquid phase heat ex-
change fluids into first ones of said passages,

125 said first inlet means being disposed adjacent
one end of the heat exchanger, and said first
passages being non-adjacent to each other;

iii. second inlet means for admitting the
other of said vaporous phase and said liquid

130 phase heat exchange fluids into second ones
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of said passages, sid inlet means also being
disposed adjacent said one end of the heat
exchanger, and each of said second passages
being adjacent at least one of said first pas-
sages, separated by said metallic plates;

iv. outlet means for conveying said vapo-
rous phase and said liquid phase heat ex-
change fluids in combination out of the heat
exchanger, said outlet means being adjacent
the other end of the heat exchanger;

c. second sealing means disposed trans-
versely across the longitudinal axis of said
metallic plates in said second passages into
which said other heat exchange fluid is admit-
ted, said second sealing means extending
between the first sealing means at opposite
edges of said metallic plates, thereby dividing
each of said second passages into an other
heat exchange fluid passage connected to the
second inlet means on one side and a feed
fluid passage on the other side of said second
sealing means;

d. first distribution means for distributing
said one heat exchange fluid substantially
uniformly across the width of the heat ex-
changer in said first passages;

e. second distribution means for distribut-
ing said other heat exchange fluid substan-
tially uniformly across the width of the heat
exchanger in said other heat exchange fluid
passages;

f. crossover means disposed in and pass-
ing through the metallic plates separating said
first passages conveying said one heat ex-
change fluid from said other heat exchange
fluid passages which are adjacent thereto,
said crossover means being disposed trans-
versely across the longitudinal axis of the
metallic plates such that the second inlet
means and the crossover means are on the
same side of the second sealing means,
whereby said other heat exchange fluid may
flow into said first passages, and combine
with said one heat exchange fluid therein,
following distribution thereof by the second
and first distribution means, respectively;

g. bar means disposed within said other
heat exchange fluid passages generally paral-
lel to and abridging the crossover means
along their length, such that said bar means
provide substantial support for the metallic
plates in that part of the heat exchanger in
which the crossover means are disposed and
further, by inclusion of means connecting said
other heat exchange fluid in fluid communica-
tion with said crossover means, are operative
to limit and control the flow of said other heat
exchange fluid through said crossover means
prior to said other heat exchange fluid mixing
with said one heat exchange fluid in the first
passages;

h. feed fluid inlet means for admitting a
feed fluid into the feed fluid passages in heat
exchange relationship with the combined lig-
uid and vaporous heat exchange fluids flow-

ing in said first passages; and

i. feed fluid outlet means for conveying
the feed fluid out of the heat exchanger.

3. The heat exchanger of claim 2 wherein

70 said bar means include elongated metallic
bars having a first surface and a second
surface generally parallel to and in supporting
relationship with said metallic plates defining
the other heat exchange fluid passages, and a

75 third surface exposed to said other heat ex-

- change fluid passage; said connecting means
formed in the bar means including a plurality
of slots formed in said metallic bars, said slots :
being of predetermined width, depth, and

80 spacing and operative to provide communica-
tion for, and to control the flow of said other
heat exchange fluid between said other heat
exchange passages and said crossover means.

4. The heat exchanger of claim 3 wherein

85 said slots are formed in said third surface of
the metallic bars extending generally between
said first and second surfaces and generally in
the direction of the longitudinal axis of the
metallic plates, said slots coinciding at least in

90 part in overlying relationship with said crosso-
ver means.

5. The heat exchanger of claim 3 wherein
said crossover means are disposed in the
metallic plates immediately adjacent one of

95 said first or second surfaces and wherein slots
are formed in said one of the first and second
surfaces of the metallic bars, at least in part in
overlying relationship with said crossover
means, and extending generally in the direc-

100 tion of the longitudinal axis of the metallic
plates.

6. The heat exchanger of claim 3 wherein
said crossover means are disposed in the
metallic plates immediately adjacent said first

105 and second surfaces and wherein said slots
are formed in both said first and second
surfaces of the metallic bars, at least in part in
overlying relationship with said crossover
means, and extending generally in the direc-

110 tion of the longitudinal axis of the metallic
plates.

7. The heat exchanger of claim 4, 5, or 6
wherein the spacing between said slots in
each of the metallic bars is substantially

115 greater than the width of said slots.

8. The heat exchanger of claim 6 wherein
the slots formed in the first surface are not
directly opposite the slots formed in the sec-
ond surface and wherein the volume of open

120 space defined by the slots is less than the
volume of metal in the metallic bars.

9. The heat exchanger of claim 4, 5, or 6
wherein said other heat exchange fluid is
supplied to said second inlet means at a first

125 and at a second available rate of flow, and
wherein said second inlet means are divided
for admitting said other heat exchange fluid at
the first rate of flow into first ones of said
other heat exchange fluid passages, separate

130 and apart from said other heat exchange fluid
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which is at the second rate of flow and which
is admitted thereby into second ones of said
other heat exchange fluid passages, such that
said first of the other heat exchange fluid
passages differ from said second of the other
heat exchange fluid passages by the rate at
which the other heat exchange fluid is able to
flow through the slotted bar means disposed
therein.

10. The heat exchanger of claim 9
wherein said slots in the metallic bars dis-
posed within said first of the other heat ex-
change fluid passages conveying said other
heat exchange fluid at the first rate of flow are
of different width, spacing, and/or depth than
the slots in the metallic bars disposed within
said second of the other heat exchange fluid
passages conveying said other heat exchange
fluid which is at said second rate of flow.

11. The heat exchanger of claim 4, 5, or
6 wherein said second inlet means are divided
for selectively admitting said other heat ex-
change fluid only into first ones of said other
heat exchange fluid passages as a first condi-
tion of flow, only into second ones of said
other heat exchange fluid passages as a sec-
ond condition of flow, or into both said first
and second other heat exchange fluid pas-
sages as a third condition of flow, such that
flow of the other heat exchange fluid is
thereby controlled in discrete steps.

12. The heat exchanger of claim 3
wherein said first and second distributor
means include corrugated metallic sheets hav-
ing the axis of the corrugations aligned such
that fluid flow is thereby generally directed
across the width of the heat exchanger.

13. The heat exchanger of claim 12
wherein said first distribution means include
metal strips provided with orifices of appropri-
ate dimension, said metal strips extending
across the width of the heat exchanger and
disposed upstream of the said crossover
means in said first passages, with the axis of
the orifices aligned generally parallel to the
longitudinal axis of the heat exchanger such
that the orifices partially restrict the flow of
said one heat exchange fluid therethrough.

14. The heat exchanger of claim 3
wherein said one heat exchange fluid is in the
vaporous phase, and said other heat exchange
fluid is in the liquid phase.

15. The heat exchanger of claim 3
wherein said crossover means define slotted
openings penetrating through the metallic
plates in which they are disposed.

16. The heat exchanger of claim 15
wherein said crossover means extend from the
first sealing means at one side of the heat
exchanger to the first sealing means on the
other side of said heat exchanger.

17. The heat exchanger of claim 3
wherein said bar means include metering con-
trol means for adjusting the rate of flow of
said other heat exchange fluid through said

crossover means, over at least a limited range.

18. " The heat exchanger of claim 17
wherein said metering control means include

a. a generally cylindrical bore in each of

70 the bar means, extending substantially
through the length of the metallic bars, gener-
ally parallel to their longitudinal axis, and or
sufficient diameter to intersect, at least in
part, the slots disposed in the metallic bars;

75 b. a plurality of generally cylindrical metal
rods, each having a diameter slightly less than
the diameter of said bores and being substan-
tially the same length as said bores, said rods
substantially deviating from the cylindrical

80 shape along part of their length on at least
one side; ’

c. linkage means connecting said rods to-
gether so that for all the rods, said deviation
from the cylindrical shape on at least one side

85 of the rods is oriented parallel to the longitudi-
nal axis of the heat exchanger in one position
of the linkage, said linkage means being fur-
ther operable to rotate the rods in unison, in
an angle about their individual longitudinal

90 axes, and thereby to change the restriction
which said rods offer to the flow of said other
heat exchange fluid through the slots in the
metallic bars intersected by said bores, and
further thereby to change the rate of flow of

95 said other heat exchange fluid through the
heat exchanger.

" 19. The heat exchanger of claim 18

wherein said rods substantially deviate from

the cylindrical shape on two diametrically op-
100 posite sides.

20. The heat exchanger of claim 18
wherein said rods substantially deviate from
the cylindrical shape on only one side.

21. The heat exchanger of claim 19 or 20

105 wherein said rods deviate from the cylindrical
shape by part of their circumference being flat
along a plane in coincidence with a chord
extending across the cylindrical shape, said
plane being projected parallel to the longitudi-
nal axis of the rods, along their length, be-
tween the first sealing means at one edge of
the heat exchanger and the first sealing
means at the opposite edge.
22. The heat exchanger of claim 21
115 wherein said chords deviate from the circum-
ference by at least an amount equal to the
distance by which the bores intersect said
slots, measured along the radius of the bores.

23. The heat exchanger of claim 18

120 wherein said rods extend slightly outside the
periphery of the metallic plates, external to
the first sealing means and wherein said first
sealing means include bore sealing means
adjacent each end of the metering control

125 means for sealingly preventing said other heat
exchange fluid from leaking out said bores
around said rods.

24. A plate type heat exchanger compris-
ing

130 a.

110

a plurality of generally planar metallic
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plates of similar shape, length, and width,
arranged in spaced apart, parallel relationship
along a common longitudinal axis;

b. first sealing means for sealingly con-
necting said metallic plates along the periph-
ery of their facing surfaces, and in conjunction
with said metallic plates, defining

i. a plurality of shallow, elongated pas-
sages between adjacent facing surfaces of
said metallic plates;

ii. first inlet means for admitting a vapo-
rous phase heat exchange fluid into first ones
of said passages, said first inlet means being
disposed adjacent one end of the heat ex-
changer, and said first passages being non-
adjacent to each other;

iii. second inlet means for admitting a
liquid phase heat exchange fluid into second
ones of said passages, said second inlet
means also being disposed adjacent said one
end of the heat exchanger, and each of said
second passages being adjacent at least one
of said first passages, separated by said metal-
lic plates;

iv. outlet means for conveying said vapo-
rous phase and said liquid phase heat ex-
change fluids in combination out of the heat
exchanger, said outlet means bing adjacent
the other end of the heat exchanger;

c. second sealing means disposed trans-
versely across the longitudinal axis of said
metallic plates in said second passages into
which said other heat exchange fluid is admit-
ted, said second sealing means extending
between the first sealing means at opposite
edges of said metallic plates, thereby dividing
each of said second passages into a.liquid
heat exchange fluid passage connected to the
second inlet means on one side and a feed
fluid passages on the other side of said sec-
ond sealing means;

d. first distribution means for distributing
said vaporous phase heat exchange fluid sub-
stantially uniformly across the width of the
heat exchanger in said first passages;

e. second distribution means for distribut-
ing said liquid phase heat exchange fluid
substantially uniformly across the width of the
heat exchanger in said liquid heat exchange
fluid passages;

f. slots disposed in and passing through
the metallic plates separating said first pas-
sages conveying said vaporous phase heat
exchange fluid from said liquid heat exchange
fluid passages which are adjacent thereto,
said slots being disposed transversely across
the longitudinal axis of the metallic plates
such that the second inlet means and the slots
are on the same side of the second sealing
means, whereby said liquid phase heat ex-
change fluid may flow into said first passages,
and combine with said vaporous phase heat
exchange fluid therein, following distribution
thereof by the second and first distribution
means, respectively.

g. bar means disposed within said liquid
heat exchange fluid passages generally paral-
lel to and abridging the slots along their
length, and having two sides which are paral-

70 lel to and in contact with the metallic plates,
such that said bar means provide substantial
support for the metallic plates in that part of
the heat exchanger in which the slots are
disposed and further, by inclusion of metering

75 passages connecting said other heat exchange
fluid in fluid communication with said slots,
are operative to restrict the flow of said other
heat exchange fluid through said slots prior to
said liquid phase heat exchange fluid mixing

80 with said vaporous phase heat exchange fluid
in the first passages; said metering passages  *
constituting an open space having a volume
less than the volume of material from which
the bar means are formed;

85 h. feed fluid inlet means for admitting a
feed fluid into the feed fluid passages in heat
exchange relationship with the combined lig-
uid and vaporous phase heat exchange fluids
flowing in said first passages; and

90 i. feed fluid outlet means for conveying
the feed fluid out of the heat exchanger.

25. A plate type heat exchanger substan-
tially as hereinbefore described with reference
to any of the accompanying drawings.
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