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My invention relates to rotary regenerators, that is, 
devices in which a porous annular body, called a matrix, 
rotates slowly'so, that each part of the matrix passes alter 
nately through ,two spaces where it is exposed to gases at 

. different temperatures, the matrix carrying heat from the 
better to the coolerg-ugas.‘ In such devices, a seal is pro 

‘ jvided where the matrix passes from one space to the other 
through a diaphragm or bulkhead‘. Sealing is one of the 
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Approximately one third of the matrix is ‘to the left of 
the diaphragm, moving through a space which is divided 
by the matrix into a cool air zone 18 which may be 
supplied by the compressor of the gas turbine engine and 
a hot air zone 19 into which the air ?ows through the 
matrix. Combustion chambers (not illustrated) con 
nected to the hot air zone 19 discharge through a turbine 
.(not illustrated) into a hot gas zone 23 within the matrix 
at the other side of the diaphragm, from which the ex 
haust gas ?ows through the matrix to space 25 from which 
it is discharged to the atmosphere. 
- Referring now also to FIGURES 2 and 3 for the pre~ 
ferred structure, the matrix 9 is of an annular drum shape 

‘ having .two rims 27, each of which may ‘include a ring 
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difficult problems in such regenerators, since there ordi- _ 
narily is a very considerable pressure drop from one space 
to the other ininstallations such as gas turbines. Because 
of the changes of temperature of the gases as they flow 
through the matrix, the matrix has a temperature gradient. 
Because of the temperature gradient, there is differential 
expansion which may, and'ordinarily does, cause a distor 
tion of the matrix so that it becomes slightly dished, or 
barrel-shaped, or spool-shaped. Of course, this distortion 

_ is very slight, but slight clearances at the seals can cause 
very wasteful leakage. , g 

In response to this problem various eiforts have been 
made, with considerable success, to provide aseal which 
distorts along with the matrix. ‘Another approach is to 
construct a matrixso that the thermal distortion is elimi 
nated, or minimized. My “invention relates to a structure 
minimizing distortion of the matrix, and particularly of 
the portions of the matrix which cooperate with the dia- 
phragm seals. While the invention is applicable to both 
axial-?ow and radial-?ow regenerators, its preferred em- 
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bodiment is in ‘a radial-?ow regenerator having two seals ' 
which surround the matrix at the two points where it 
passes through a ‘diaphragm separating one gas space from 
‘the other, such as is described in United States patent ap 
plications Serial No. 559,390, ?led Januaryv 16, 1956, 
(now Patent No. 3,057,604) and Serial No. ‘156,599, ?led 
December 4, 1961. s 1 , 

The principal object of the invention is to decrease the 
leakage of the seals of rotary regenerators and, therefore, 
improve the e?iciency of power plants incorporating such 
regenerators. The nature of the invention and its, advan 
tages will be clearfrom the succeeding detailed description 
of the. preferred embodiment thereof, with reference to 
the accompanying drawings.‘ 1 
FIGURE 1 is a rather schematic cutaway view of a 

rotary regenerator embodying the ‘invention, the view 
being taken on a plane perpendicular tothe axis of rota 
tion. ' . 

FIGURE 2 is an enlarged partial view of ‘the matrix 
taken in the same plane as FIGURE 1, with, parts cut 
away. i 
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FIGURE 3 is a cross-section of the matrix taken on the ' 
plane indicated by the line 3—3 of FIGURE 2. 
FIGURE 1 may be regarded as a simpli?ed representa 

tion of the application of my invention to the regenerator 
of a gas turbine engine such as that described in US. 
patent application Serial No. 559,475, ?led January 16, 
1956 (now abandoned). In such an engine, a regenera 
tor matrix 9 is suitably supported in‘ a housing 10 for 
rotation about an axis A so that it passes twice through 
a bulkhead or diaphragm 11. Main seals 13 and 14 
surround the matrix where it passes through the dia 
phragm. The means to support the matrix for rotation 
about the axis and to locate the seals 13and 14 are 
immaterial to this invention and will not be described. 
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or track 28 by which the matrix is supported and guided 
and a ring gear 29 by which it is driven. Stiifeners 31 
of relatively heavy section are spaced'regularly around 
the periphery of the drum, extending from one rim to 
the other to couple the rims together rigidly. The stiffen 
ers have lugs 33 extending from their ends received in 
circumferential grooves in the inner faces ofthe rims and 
held there by pins 34 which are inserted before the ring 
128 is shrunk into place. ' ' 

The spaces between the stiifeners .31 and extending from 
‘one rim to the other are ?lled with porous'heat transfer 
material which consists of two types of elements. The 
?rst of these are regularly spaced seal elements 36. Be 
tween each two seal elements there is a stack'or pack‘ of 
heat “transfer elements 37 which may be called a core. . It 
will 1be noted that the seal elements 36 have opposite 
marginal,’ portions which ‘extend_‘radially from the ele-. 

' merits 37. The elements 37 may be regarded as the core 
of the matrix, and the elements 36 and 37 together con 
stitute heat transfer material. These elements may be 
thin corrugated plates with the corrugations extending 
radially of the matrix so that small passages for air flow 
are de?ned between adjacent plates and heat is readily 
exchanged between the air or gas and the thin plates of 
the heat transfer material. If desired, alternative plates 
‘of the ‘heat transfer material may be ?at and corrugated; 
or other forms of heat exchange material, including those 
described in United States Patent No. 2,937,010, may be 
employed. In the preferred structure according to this 
invention the core elements 3'7 are corrugated sheets hav 
ing the same end con?guration as the stiffeners 31 so as 
to ?t within the grooves in the rims. Each labyrinth 
element 36 comprises a plate or lamina 40, corrugated so 
that the corrugations extend radially of the matrix, and 
with tabs 41 extending from the ends of the lamina to 
enter the grooves in the rim. Each seal element 36 also 
includes two bars 42 and 43 which extend across the 
length of the lamina, preferably nearer the outer or cooler 
edge thereof, and which are spot-weldedor seam-welded 
to the lamina 40 so as to provide as nearly as possible 
a single rigid beam structure. It will be appreciated, 
of course,‘ that the thin corrugated plate‘ 40 has almost 
no stiffness. In other words, it can be deformed ‘arcu 
'ately in its own plane by expanding the corrugations to 
ward one edge and contracting the corrugations toward 
the other edge; With the bars 42 and 43 Welded to the 
peaks of each corrugation there is a relatively stiff struc 
ture involving the bars and the plate 40. If all these 
parts were of the same material, the temperature gradient 
in the direction from the upper edge to the lower edge 
in FIGURES 2 and 3 would operate to cause arcuate de~ 
formation of the bars and lamina. In other words, the 
hotter bar 43 would expand more than the cooler bar 
42 and they would bow upwardly of the element as seen 
in FIGURE 3 and the very slight resistance of the cor 
rugated sheet itself would make very little difference. In 
other‘words, the thermal expansion and the dimensions 
and spacing of the bars would determine the amount of 



' will tend to bow them also. 
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distortion of the seal element 36. According to my in 
vention, by proper selection ‘of materials for the bars 42 
and 43, this distortion may be eliminated or minimized. 

Control of the con?guration of the seal element can 
be obtained by employing two bars 42 and43 which are 
of different coef?cients of thermal expansion so that they 
expand the same amount linearly in response to the vdiffer 
ent temperatures to which‘ they are subjected; (This is 
a correct statement subject to a quali?cation which will 
be mentioned.) With the two bars welded or brazed to . 
the corrugations across the seal element 36 and at prei 
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determined distances from the matrix axis, the bars re- _ 
main straight and maintain the edges of the plate straight 
as’ well. If one bar expanded more than the other, there 
would, of course,rbe bowing, or a tendency to bow which 
could be counteracted by force. ' ' ' 

It is clear. that, considering the seal elements '36 alone,‘ 
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if selectionof the materials for bars 42 and 43» is such j 
thatitheir'temperature co'e?icients of expansion are related 
to each other inversely as the temperature rises of the 
two bars,.ia structure which is invariant in contour with 
temperature is provided. ' It'merely expands as it becomes 
hotter. If the heat transfer material or core material 37 
has no tendency to distort as, for example, if itis partic 
ulate matter, this is the ‘end to the problem. However, 
if the’ core is made up of plates, even though theypare 
very ?exible dirnensioually such as the corrugated sheets 

T of shim material‘ illustrated, these will have a tendency 
to bow and, by frictional interaction with the seal plates, 

By increasing the difference between the‘ expansion co 
e?icients of the bars 42. andf43 'soythat. the seal plate 36 
tends'to have a reversecurvature to' the normal, this 
‘factor due to loading by'thecore can also be compen 

~ ,sa'ted for. ‘An analysis of? this vfactor is dit?cult, if not; I 
impossible, but- the correction cangbe made empirically 
.byItrial and error. I V p _ . . 

vThe foregoing will explain the principles and advan 
Jtages of the preferred embodiment of the invention. ' By 

‘ providing a matrix whichis substantially, invariant in 
' cross-section as temperaturechanges, a simple diaphragm’ 
seal of ?xed shape can be used without any considerable 
leakage past the diaphragm. " 
By way of instructive example, major dimensions of 

one labyrinth element "embodying the invention may be 
stated.‘ The corrugated sheet 40 is approximately 8" by 
2", overall, including the tabs 41, is made of 0.003" type 
321 stainless steel with corrugations of 0.047" pitch ap~ 
‘proximately 0.0125 deep. Bar 43 is ‘stainless steel, type 
430, 0.044" x 0.25", and bar 42 is stainless steel, type 
321, 0.064" x 0.25". Bar 42 is thicker than bar 43 be 
cause there is more room at the greater radius. The rela 
tive location of the bars is as shown in FIGUREB. 
The description of the preferred embodiment, of the in 

vention for the purpose of explaining the principles there 
of is not to beconsidered as limiting the invention, since 
many modi?cations may be made by the exercise of skill 
in the. art. ' . 

11 claim: ' - 

1; An annular regenerator matrix comprising an an 
nular ‘body de?ning passages .for the flow of ?uids to‘ 

establish a temperature gradient between the opposite sides 
of said body, said annular body including sealing plates 
spaced around the matrix axis and lying in planes extend 
ing along the latter, each of said sealing plates comprising 
a sheet with opposite marginal portions extending from 
the annular body for sealing purposes and having a low 
effective moment of. inertia in a plane normal to said 
opposite sides and transverse to thegsheet, two parallel 
and spaced bars of material thicker than that of the sheet 

' and each being ?xed to the latter a predetermined distance 
from the. matrix axis, the aggregate of said bars having 
a high effective moment of inertia in the above-recited 
plane transverse to the sheet, and the‘material of one of 
one of said bars lying toward one side of said body hav 
ing a coefficient of thermal expansion lower than that of 
the other bar which lies toward the other side of said ‘ 
body. . _ V 

2. A rotary regenerator matrix comprisingan annular 
body having an axis and opposite sides, said body de?ningv 
passages for the ?ow r'of ?uids to effect a‘ temperature 

. gradient‘from one of said sidesjto the other and including 
sealing plates extending from one said side to the other 
substantially parallel to the direction of, ?uid ?ow, said 
body also including porous material interposed between 
each of said sealing plates and the adjacent sealing plates, 
each of the sealing plates comprising a sheet having op 
posite marginal portions projecting slightly from the said 
porous material at said sides, and two spaced bars ?xed 

' ‘rigidly to the sheet and extending generallyparallel to 
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the said sides, the sheet having a low eifective moment 
of inertia in a plane ‘normal-‘to said sides and transverse 
to the sheet and the ‘aggregate of said bars having a 
high etiective moment of inertia in the same plane com 
pared to the sheet so that the elfectivermoment of inertia 
‘of the sealing plate in the said plane is due primarily to 
the bars and due only to a minor extent to the sheet, the 

_materials of said bars having different .coe?icients of 
thermal expansion to counteract the ‘tendency of the sheet 
to bow in response to heat elfecting the said temperature 
gradient, the bar lying toward the hotter side of the matrix 
having a lower co’et?cient than the other bar. 

3. A matrix as recited in claim‘. 2 inwhich the said 
coe?icients are so selected that the thermal expansions 
of the bars during heat exchange operation are approxi 
mately equal. ' ' 

4. A matrix as recited in claim 2 in which the thermal 
expansion of the. bars during operation serve to compen- ~ 
sate for the distortion transmitting effect of said porous 
material and in maintaining the said marginal portions of 
said sealing‘plates along lines elfective for sealing. 

5. A matrix as recited in claim 2 in which the bars 
are thicker than the sheet in the dimension perpendicular 
to the sheet'and are much narrower than the sheet in the 
direction parallel to the sheet. ‘ ' 
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