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HEAT EXCHANGER

BACKGROUND OF THE INVENTION

[0001] The present invention relates to heat exchange tech-
nology and equipment, and more particularly concerns
design and methods of manufacture of heat exchangers for
aeronautical applications. It may prove to be most advanta-
geous for the production of highly reliable compact heat
transier devices, particularly adapted for high pressure oper-
ating conditions.

[0002] At present 1n aeronautical engineering both the
shell-tube and fin-plate heat exchangers are widely used for
high pressure applications. With rising pressure magnitudes,
however, the fin and plate heat exchanger will be limited in the
future.

DESCRIPTION OF THE PRIOR ART

[0003] The classical shell and tube heat exchanger 1s dia-
grammatically shown in FIG. 1.

[0004] This type of heat exchanger 1s suited for high pres-
sures 1n view of 1ts tubular construction which provides uni-
form stresses. At the same time it suflers from some serious
disadvantages.

[0005] The shell and tube heat exchanger transiers heat
through a primary surface, 1.e. the walls of the tubes, and the
corresponding area of this surface is relatively small. This
leads to a poorer unitary thermal performance resulting 1n a
larger volume and increased weight.

[0006] Another imperfection of the shell and tube heat
exchanger consists 1n that the connection between the tubes
and the tube-sheet, which 1s achieved by swaging, welding or
brazing, 1s a sensitive area in respect of leakage. An additional
point of concern 1s the possible breakage of tubes as a result
of vibration-induced fatigue failures.

[0007] Owing to these considerations the shell and tube
heat exchanger cannot meet the reliability required e.g. for
modern jet engines.

[0008] The conventional fin and plate heat exchanger is
schematically depicted 1n FIG. 2.

[0009] This type of heat exchanger possesses greatly
extended surfaces of heat transier. Its relative efficiency is
significantly larger in comparison with the shell and tube heat
exchanger, and this produces savings in both volume and
weight. For this reason the fin and plate heat exchanger 1s
increasingly used for high pressure applications (e.g. on jet
engines to cool o1l lubricants by means of high pressure fuel).
[0010] Theclassical fin and plate heat exchanger (FI1G. 2) 1s
constructed from core assembly 1 and, welded (or attached to
it) headers 2, 3 for high-temperature flow and 4, 5 for low-
temperature tlow. Core assembly 1 (FIG. 3) consists of sev-
eral types of functional elements, such as low-temperature
fins 6 and low-temperature closure bars 7, high-temperature
fins 8 and high-temperature closure bars 9, end plates 10 and
parting plates 11.

[0011] When assembled (FIG. 3) these components form

two types of elementary heat transier layers. One of these 1s
intended for cold flow and the other for hot flow. Each of these
layers includes fin layers 6 or 8 and two closure bars 7 or 9;
adjacent layers are separated by parting plates 11. The cold
and hot layers are disposed alternatively in mutually perpen-
dicular flow directions.

[0012] Theabove described parts of the core assembly con-
stitute 1ts Tunctional elements since each of these has one or
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more operational functions. For example, parting plates serve
for separation of hot and cold flows and also for heat transfer
from high-temperature to low-temperature fins, while closure
bars and end plates act as flow enclosures.

[0013] At the same time, upon assembly and brazing by
filler metal 12 (FI1G. 3), the same functional elements may be
considered as structural ones since the resulting structure of
core assembly comprises only said elements and brazed
seams 13 and 14 (FIG. 4). The joints are formed between parts
6-11 during the process of heating of the core assembly to
brazing temperature and subsequent crystallization of the
liquid filler metal.

[0014] Brazing filler metal 12 may be used as separate foil
clements as shown i FIG. 3. Alternatively, brazing com-
pound may be introduced into the joining zone by spraying
filler metal powder unto the relevant surfaces or by using
structural sheets that are pre-clad with said compound,
whereby both the mner surfaces of the end plates and both
surfaces of each parting sheet are coated with brazing com-
pound.

[0015] The resulting structure of assembled and brazed
core assembly 1s shown 1n FI1G. 4. From this picture it 1s clear
that any of the brazing seams 13 (between closure bars and
parting sheets or end plates) are in contact with both hot and
cold flows.

[0016] It 1s well known that braze joints have polycrystal-
line cast structure of lower density and some characteristic
micro-defects such as micro-pores, blisters, voids, oxide
inclusions which result 1n bonding impertections. Such small
discontinuity tlaws are usually not detectable on a finished
new product which successiully passes a routine standard
leak test. However, after a certain period of operational use,
such micro-defects may develop 1nto more serious impertec-
tions under the influence of differential heat stresses and
resulting in internal leakages.

[0017] In certain applications such a failure mode may
prove particularly critical e.g. 1n a fuel/o1l heat exchanger
when the o1l becomes contaminated with fuel and 1ts lubricity
1s impaired hence causing mechanical damage and this could
be catastrophic.

[0018] The modern requirements for reliability of one fail-
ure in 107 or 10® (fleet cumulative) flight hours and operating
pressure ol working media of thousands of pounds per square
inch appear to be non-achievable when using the conven-
tional architecture of the fin and plate heat exchanger. (Note
that in the case of a shell and tube heat exchanger, and for
reasons mentioned above, such reliability achievement 1s
highly questionable, to say the least.)

[0019] It 1s obvious from FIG. 4 that due to the specific
shape of corrugated fins brazed joints 14 cover about 50% of
the parting sheet area. This decreases the capability of a heat
exchanger to withstand high pressures.

[0020] Summarizing the above, 1t can be stated that a con-
ventional fin and plate heat exchanger suffers from certain
drawbacks of which the most salient are possible develop-
ment of internal leaks and limited strength of joints between
fins and parting sheets or end plates. Hence, a conventional fin
and plate heat exchanger 1s limited in terms of reliability and
operational pressure.

BRIEF SUMMARY OF THE INVENTION

[0021] The purpose of the present invention 1s the develop-
ment of a highly effective, lightweight, compact and reliable
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heat exchanger for high pressure applications capable of pre-
venting internal leakages and mutual mixing of hot and cold
flows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The present invention will be better understood
from a consideration of a detailed description of an exemplary
embodiment thereot, taken in conjunction with the accompa-
nying drawings, wherein:

[0023] FIG. 1 1s a fragmentary cutaway view of the con-
ventional shell and tube heat exchanger;

[0024] FIG. 2 schematically depicts the conventional fin
and plate heat exchanger, an axonometric overall view;

[0025] FIG. 3 1s a layout of the core assembly of the con-
ventional fin and plate heat exchanger of FIG. 2, 1n the course
of assembly;

[0026] FIG. 4 1s a scheme of the resulting structure of the
core assembly of the conventional fin and plate heat
exchanger of FIG. 2, after assembly and brazing, a fragmen-
tary axonometric view;

[0027] FIG. 5 diagrammatically shows the core assembly
of a heat exchanger, according to the first embodiment of the
invention;

[0028] FIG. 6 1s a view of fragment A of FIG. 5;

[0029] FIG. 7 1s a view similar to FIG. 5, according to the
second embodiment of the invention;

[0030] FIG. 8 1s a view of fragment B of FIG. 7;

[0031] FIG. 9 illustrates the core assembly of FIG. 7 with

high temperature and low temperature corrugated fins and
to1ls of filler metal, according to the invention, in the course of
assembly;

[0032] FIG. 10 1s a view of fragment C of FIG. 9;

[0033] FIGS. 114, b 1s a layout of compression of the core
assembly of FIGS. 9 and 10, according to the invention:

[0034] a—belore compression;
[0035] b—after compression;
[0036] FIG. 12 1illustrates the core assembly of FIG. 7 with

high temperature and low temperature custom-made 1ndi-
vidual fins and foils of filler metal, according to the mnvention,
in the course of assembly;

[0037] FIGS. 13a, b, c-demonstrates possible alternative
embodiments of the custom-made 1ndividual fins, applied to
the core assembly FIG. 7, according to the invention, axono-
metric views;

[0038] FIG. 14 diagrammatically shows the MONOBLOC
fin and plate heat exchanger, according to the invention, a
general view.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The objective 1s achieved by using a core assembly
manufactured in part or 1n full as a one-piece monolithic
metallic block, similar 1n configuration to a conventional
fin-and-plate heat exchanger. In such a structure, the brazing
seams, which usually are a source for imperiections and
internal leakages, have been eliminated. All the voids in the
suggested construction allowing the passage of both the hot
and cold flows are obtained by removal of material from a
single piece of metal.

[0040] FIGS. 5, 6 show one embodiment of the imvention
where a core assembly 1s manufactured as a one-piece mono-
lithic metallic block 15 having two sets of parallel and mutu-
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ally perpendicular flow channels 16 and 17. Each of these
channels are provided for one of the hot and cold flow pas-
sages.

[0041] The aggregate volume of channels 16 (FIGS. 5, 6)
and their respective headers 38 and 39 (FIG. 14) form a
coniined space for the cold tlow passage, while the aggregate
volume of Channels 17 (FIGS. 5, 6) and their respective
headers 40 and 41 (FIG. 14) form a confined space for the hot
flow passage.

[0042] Channels 16 and 17 are sub-divided into thin flow
channels by fin partitions 18 and 19 respectively. The height
and density of the fin partitions in channels 16 and 17 are
determined by thermal and hydraulic performance analysis of
a heat exchanger, while their thickness 1s primarily defined by
strength considerations.

[0043] As shown in FIGS. 5, 6, the structure remaining
alter forming channels 16 and 17 1s an aggregate of separate
thin-walled inter-layer partitions 21, end enclosures 20 and
side enclosures 22 and 23, each fulfilling a specific function.
Thus, mter-layer partitions 21 may be functionally consid-
ered as parting sheets, end enclosures as end plates and side
enclosures as closure bars.

[0044] Considering that by the invention, the core assembly
teatures the same functional elements as the classical fin and
plate heat exchanger, 1t also shares the performance advan-
tages of the latter, namely high efficiency and compactness.
At the same time, 1t 1s devoid of the shortcomings of its
predecessor since all abovementioned elements of the core
assembly are structurally 1ts integral parts.

[0045] The obvious advantages of this embodiment of the
invention are the total absence of piece parts for assembly of
the core and the absence of braze joints altogether.

[0046] FIGS. 7, 8 show another embodiment of the inven-
tion where the fins are not integral to the monobloc core.
Instead, adequate slots 25, 26 are cut out from the block of
metal to accommodate the fin layers. Other than that, all the
integral elements of the core are 1dentical to those described
in the previous embodiment of the mnvention.

[0047] FIGS. 9, 10 show the details of the introduction of
fins 31, 32 and braze sheets 33 into the said slots 25, 26. As
can be seen, the slots are made to a certain height which leaves
a small free space 34 for ease of introduction of the said fins
and braze sheets. These Figures depict one alternative of this
embodiment consisting in the use of corrugated fins.

[0048] Another alternative consisting in the use of indi-
vidual fins 37 1s depicted 1n FIG. 12 and various shapes of
such individual fins are shown 1n FIG. 13 g, b, ¢. As explained
above, the obvious advantage of individual fins resides in the
significant increase of the brazing area which extends over the
total surface of the parting sheet. Also, it 1s interesting to note
that this 1n no way requires additional brazing material com-
pared to the corrugated fins alternative and hence there 1s no
weilght penalty mvolved.

[0049] The choice between the two just described alterna-
tives 1s a function of strength only and depends on the work-
ing pressure of the heat exchanger.

[0050] By applying individual fins, core burst pressures of
exceptionally high magnitudes (and never heard of in con-
ventional fin and plate heat exchanger technology) have been
obtained.

[0051] The method of elimination of the above described
gap of the fin slots 1n preparation for brazing 1s shown 1n
FIGS. 11a, b. The necessary pressure conditions for brazing
are obtained by introducing the assembled core into a hydrau-
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lic press 35 and hence by decreasing 1ts height by a pre-
determined precise amount 36. The core block 1s subjected to
this process in an annealed condition.
We claim:
1. A compact plate and fin heat exchanger
comprising a core assembly and, welded or attached
thereon, two sets of inlet and outlet headers for low
temperature and high temperature gas or liquid fluid
flows;
and said core assembly incorporates a plurality of func-
tional elements 1dentified as low temperature and high
temperature fins, parting sheets, end plates and low tem-
perature and high temperature closure bars;
and where the said low temperature and high temperature
fins are separated from one another by said parting
sheets:
and where the said low temperature and high temperature
fins are enclosed respectively by said low temperature
and high temperature closure bars;
and where the two outermost layers of either the said low
temperature fins and/or high temperature fins are
enclosed by the said end plates;
and where the said functional elements constitute a set of
clementary heat transfer layers for the said low tempera-
ture and high temperature fluid tflows;
and where the said elementary heat transier layers are
disposed alternately along parallel planes in mutually
perpendicular directions for low temperature and high
temperature fluid tflows;
and where a plurality of the said elementary heat transier
layers for low temperature and high temperature flmd
flows together with the said two sets of mlet and outlet
headers constitute a confined enclosure for segregated
low temperature and high temperature tluid tlows;
wherein the said core 1s entirely produced from one mono-
lithic metallic block and 1s entirely devoid of any brazed
jo1nts;
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and wherein all the said functional elements of the core,
including the low temperature and high temperature fins,
form 1ts integral parts;

and wherein the said low temperature and high temperature
fins are formed by a plurality of parallel thin channels cut
out from the said block of metal;

2. A compact plate and fin heat exchanger of claim 1,
wherein the said core 1s partially produced from one mono-
lithic metallic block and wherein all the said functional ele-
ments of the said core with the exception of the low tempera-
ture and high temperature fins are 1ts integral parts; and

wherein special slots are cut out in parallel planes and
alternating 1n mutually perpendicular directions for
alternate itroduction of said low temperature and high
temperature {in layers for the said low temperature and
high temperature flmd flows; and where, 1n each of the

said special slots, two braze filler metal foils are 1ntro-
duced to fully cover both of the fin layer faces; and

wherein the said fin layers together with the said braze filler
foils are snugly fitting 1nto the said special cut slots; and
wherein the said low temperature and high temperature

snugly fitted fin layer surfaces are brazed to the adjacent
surfaces of the said special slots.

3. A compact heat exchanger of claim 2 wherein both sets
of the said special slots for low temperature and high tem-
perature tluid tlows are fitted with corrugated fins.

4. A compact heat exchanger of claim 2 wherein the said
special slots for low temperature and high temperature fluid
flows are alternately fitted with corrugated and individual
{ins.

5. A compact heat exchanger of claim 2 wherein both sets
of the said special slots for low temperature and high tem-
perature tluid tlows are fitted with individual fins.
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