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ABSTRACT OF THE DISCLOSURE 
A support for an annular bellows-type heat exchanger 

used as a regenerator for a gas turbine engine, the heat 
eXchanger being made of a plurality of flexible thin sheets 
which are subject to thermal expansion in three dimen 
sions: radial, circumferential, and axial. The center and 
each end of the bellows assembly is provided with a 
Segmented Support plate, each segment having opposed 
radially inwardly and outwardly extending projections. 
The end plate segments each have radially open slots 
while the center segments have holes for receiving the 
opposed legs of a U-bolt. One U-bolt is provided for 
each segment and provides the means for affixing the 
bellows assembly to the rear of turbine engine. 

This invention relates to a novel arrangement for mount 
ing and Supporting the stacked sheets of a heat exchanger 
used as a regenerator for a gas turbine engine. The in 
vention is specifically adapted for use in mounting and 
Supporting an annular heat exchanger, of the type dis 
closed in the application of Stein and Straniti, Ser. No. 
575,285 filed Aug. 29, 1966, to the exhaust of a gas tur 
bine engine. 

In the aforesaid Stein and Straniti patent application 
the heat exchanger uses very thin sheets formed into a 
bellow-type construction. The turbine exhaust gas flows 
externally of the bellows and is directed axially along 
the center of the annulus and radially between adjacent 
pairs of sheets, while the turbine compressor air flows in 
a tortuous path within the bellows. Because the sheets 
forming the annular bellows construction are made of 
very thin, highly flexible material, the structure requires 
a sturdy support. On the other hand, because of the high 
heat transfer efficiency of the construction, there are ex 
treme temperature gradients between the various por 
tions of the structure, and hence the structure undergoes 
considerable expansion and various thermal stresses. This 
invention provides the means for supporting the heat ex 
changer structure while at the same time accommodating 
radial, axial, and circumferential expansion due to the 
existing temperature gradients. 
An object of this invention is to provide a plurality 

of circumferentially spaced U-bolts in combination with 
segmented support plates for supporting a flexible, an 
nullar bellows-type heat exchanger, said U-bolts and seg 
mented plates providing rigid support while at the same 
time permitting radial, axial, and circumferential expan 
SO. 
For further objects and advantages of this invention 

reference should now be made to the following de 
tailed specification and to the accompanying drawings in 
which: 
FIGURE 1 is a cross-section of one-half of the annular 

heat exchanger utilized in accordance with this inven 
tion; and 
FIGURE 2 is an end view of the heat exchanger viewed 

from the rear with sections taken at a plurality of differ 
ent segments indicated as A-A to D-D in FIGURE 1. 
The heat exchanger, generally indicated at 10, is used 

as a regenerator for a gas turbine engine, the exhaust 
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gases being used to preheat the compressed air. The heat 
exchanger is shown positioned within an outer cone as 
Sembly 12 which also provides an exhaust gas duct and 
part of the support for the heat exchanger. 
The heat exchanger 10 is made up of two matrices 

14 and 16, the various elements of which are shown 
Somewhat Schematically since the heat exchanger per se 
is fully described in the aforementioned application of 
Stein and Straniti. Each matrix 14 and 16 is constructed 
from convoluted corrugated annular disks 18 made of 
thin metallic heat conducting sheets which are stacked 
and welded together, the resulting hollow cylindrical 
matrices 14 and 16 being virtual bellows assemblies. 
Support plates, generally indicated at 20 and 22, are af 
fixed to the end disks 18 of each of the matrices which 
are aligned in tandem. 
As seen in FIGURE 2, each annular sheet 18 comprises 

inlet and outlet ports 24 and 26 alternately positioned 
around the annulus of each sheet. As may be best under 
stood from a study of the aforementioned Stein and 
Straniti patent application, the bellows assembly is fabri 
cated by arranging the sheets 18 in pairs, welding the 
inner and outer peripheries of each pair, and welding the 
peripheries of the ports 24 and 26 to the peripheries of 
the adjacent ports in adjacent pairs. The support plates 20 
and 22 are provided with ports corresponding to and 
aligned with the ports 24 and 26. 
The ports 24 and 26 in the end support plate 22 are 

closed by means of a semi-torus shell 28. However, holes 
30 in the flat end wall 32 provide for pressure balancing 
between the matrices and the semi-torus shell 28. 
Each support plate 20 and 22 is comprised of a plurality 

of arcuate segments 34, one segment for each port 24 
and 26. The segments 34 are positioned around the en 
tire periphery of its respective sheet, a small gap 36 being 
provided between the various segments. The segments 34 
on the forward and rear end sheets 18 are provided with 
inner and outer integral projecting lugs 38 and 40, re 
spectviely, while the abutting center segments 34 are 
provided with projections 42 and 44. It will be noted that 
the projections 38 and 40 are provided with slots 46 and 
48, respectively, while the projections 42 and 44 are pro 
vided with holes 50 and 52, respectively. 
The heat exchanger assembly 10 with the support plate 

segments 34 of the matrix 14 is face mounted against a 
forward mounting support casing 54 by means of a plu 
rality of U-bolts 56 positioned around the entire annulus 
of the heat exchanger. The legs 58 and 60 of each U-bolt 
56 bridge the inner and outer peripheries of the torus 
shell 28 and extend through the slots 46 and 48 and the 
holes 50 and 52 of the aligned segments. The ends of 
the forward mounting support casing 54 by means of nuts 
62. 

Exhaust gases g flow from the gas turbine engine into 
the central hollow portion of the annular heat exchanger 
10, the end of which is closed by means of rear end walls 
64 and 66, and then radially past the exterior of the 
bellows assembly, and then exhaust through the duct 12. 
Compressed air a from the gas turbine compressor section 
enters the regenerator at the ports 24 following the 
tortuous path throughout the length of the regenerator 
and ultimately returning to the outlet 26 where it is then 
directed to the combustion chamber (not shown). The 
exhaust gases g and the compressed air a are kept 
physically separated, but very efficient heat exchanging 
takes place through the sheets, and it was found that large 
temperature gradients exist between the inner and outer 
diameters of the annular matrices. The mounting arrange 

70 ment disclosed in accordance with this invention ac 
commodates the requirement for the considerable non 
linear expansion and, in addition, provides an extremely 
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firm lightweight support for the regenerator. The U-bolts 
56, spaced around the annulus, provide secure Support of 
the heat exchanger elements to the forward mounting Sup 
port casing 54. By engaging the segments of the end 
mounting plates at the slots 46 and 48 while engaging the 
center mounting plates at the holes 50 and 52, as the 
matrices expand radially, radial expansion of the assem 
bly at is center is accommodated by the deflection of 
the legs 58 and 60, while radial expansion at the ends is 
accommodated by permitting limited relative movement 
of the legs 58 and 69 in the slots. Furthermore, because 
each of the plates 20 and 22 has been formed in segments 
with spaces 36 between the segments, the end sheets can 
expand circumferentially. Expansion in an axial direction 
is accommodated by the flexible sheets themselves. Thus 
the invention provides for the firm mounting of the regen 
erator while at the same time permitting expansion or 
contraction in all directions. Moreover, expansion in an 
axial direction increases the pressure between the abutting 
support plates 20 and 22 to increase the seal between the 
matrices 14 and 16. 

It will be apparent to persons skilled in the art that 
various modifications and adaptations of this invention 
are available. For example, the matrices 14 and 16 may 
be constructed as one unit with the support plates 20 
and 22 made integral. Thus, the heat exchanger would 
have the same overall length and would receive support 
in exactly the same manner as in the embodiment de 
scribed but would actually be made out of one integral 
assembly instead of two stacked assemblies. 
What is claimed is: 
1. In a heat exchanger for a gas turbine engine said 

heat exchanger being constructed of a stack of thin flexi 
ble annular metal sheets assembled to provide an annular 
bellows assembly, a support rigidly connecting said heat 
exchanger to said gas turbine engine, and permitting ex 
pansion of said exchanger, said support comprising: 

one plate attached to each end of said heat exchanger, 
each of said plates being comprised of a plurality of 
Spaced segments, each of Said segments having radial 
ly inwardly and radially outwardy extending slotted 
projections; 

a U-bolt for each segment, said U-bolts being circum 
ferentially spaced around the periphery of said an 
nular bellows, the legs of a U-bolt bridging the inner 
and outer peripheries of the annulus of said bellows 
and passing through aligned slotted projections; 

and means for Securing the ends of the legs of said 
U-bolts to said gas turbine engine. 

2. The invention as defined in claim 1, and a semi-torus 
shell positioned on one end of said bellows assembly, the 
U of said U-bolts engaging said torus. 

3. The invention as defined in claim 2 and a fluid pas 
Sage between said bellows assembly and said semi-torus to 
balance the pressures therebetween. 

4. The invention as defined in claim 3 wherein said 
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bellows assembly is positioned within a cone-shaped duct, 
the exhaust end of said annular bellows being closed, 
whereby gases pass axially through the center of the bel 
lows assembly across the sheets and rearward through 
said duct. 

5. In a heat exchanger for a gas turbine engine, said 
heat exchanger being constructed of two aligned abutting 
stacks of thin flexible annular metal sheets assembled to 
provide an annular bellows assembly, a support rigidly 
connecting said heat exchanger to said gas turbine engine, 
and permitting expansion of said exchanger, said support 
comprising: 

one plate attached to the sheet at each end of said 
heat exchanger and at least one plate disposed be 
tween the sheets at the abutment of said stacks, each 
of said plates being comprised of a plurality of spaced 
segments, each of said segments having radially in 
wardly and radially outwardly extending projections, 
the projections on the plates at the ends of said heat 
exchanger being provided with radial slots and the 
projection on the plate at the abutment being pro 
vided with holes; 

a U-bolt for each segment, said U-bolts being circum 
ferentially spaced around the periphery of said an 
nular bellows, the legs of the U-bolt bridging the 
inner and outer peripheries of the annulus of said 
bellows and passing through aligned slots and holes 
in said projections; 

and means for securing the ends of the legs of said U 
bolts to said gas turbine engine. 

6. The invention as defined in claim 5, and a semi-torus 
shell positioned on one end of said bellows assembly, the 
U of said U-bolts engaging said torus. 

7. The invention as defined in claim 6, and a fluid pas 
sage between said bellows assembly and said semi-torus 
to balance the pressures therebetween. 

8. The invention as defined in claim 7 wherein said 
bellows assembly is positioned within a cone-shaped duct, 
the exhaust end of said annular bellows being closed, 
whereby gases pass axially through the center of the bel 
lows assembly across the sheets and rearward through said 
duct. 
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