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2,874,940
HEAT EXCHANGER

Karl Gustav Ahién, Stockholm, Sweden, - assighor .to
Svenska Rotor Maskiner Akticbolag, Necka, Sweden,
a corporation of Sweden )

Application May-16, 1951, Serial No. 226,582
10 Claims. - (CL.257--241)

The present invention relates-to heat -transfer ‘and:in
+its broader:aspects has reference to-heat transfer between
a solid body:and a. fluid medium. - More:specifically, the
invention relates to heat transfer between-a:solid body and
a -gaseous fluid: medium and still-more :particularly the
invention relates to indiréct -heat €xchange between. two
different fluids, either or both of which may be liquid.or
gaseous, by heat transfer to and from the different fluids
and a solid body with which the fluids ‘are-separately in
surface contact. .

The ‘general objectof the invention-is: to' provide: for
heat exchange at high rates of transfer per unit -area-of
. heat exchanging surface, to provide for such transfer with
minimum expenditure of - power for -effecting ‘relative
-movement -between the heat exchanging - bodies .and -in
certain of its aspects to-utilize movement of the solid heat
-.exchanging body. to create, in whole or.in part, the.re-
-quired flow of the fluid or fluids with which the.solid body
-isinheat exchange relation.

In order-to attain the.above: generally stated- objects
-and-other and more- detailed objects hereinafter appear-
.ing, the invention ‘contemplates the: provision of - rotat-
.ing solid body in the form of a rotor having-a multiplicity
of circular fins or ribs with intervening channels in.the
-form- of ' grooves concentric with' the axis of rotation of
the- rotor, with which-there is associated-a rotationally
- stationary structure -having - baffle members - projecting
into the grooves and cover means for the grooves for con-
.trolling: flow of fluid in the grooves, such structure further
being -combined with means providing transfer passages
.for conducting fluid to -and from different grooves: in-ac-
.cordance with. novel principles hereinafter-more fully: de-
scribed, which: result in a novel character of flow-which
ig'productive of the improved results sought by the inven-
tion.

The invention is particularly adapted for heat exchange
‘between two.gaseous: fluids for purposes such as-the pre-
“heating of ‘air to-be used for combustion, by waste heat
extracted: from combustion:gases exhausted-from:appara-
“tus such as power boilers andinternalcombustion en-
gines and-gas turbines. ~ The invention will:therefore: be
described hereinafter, by -way -of example “but without
limitation, as-applied to’ air preheating structure, but it
will be understood that the principles of the invention dre

susceptible of use in many. other applications-and: that for
~certain -of ‘such applications, the principles of the inven-
‘tion in its broader aspects may be carried -out with: only
“.certain features of the structure hereinafter described- in
“connection with' the ‘air preheater apparatus chosen’by
= way of example. :

.For a better understanding of the more detailed nature
-of the invention, the-manner in which it may-be carried
into practical effect, and the advantages to be derived
“from  its use, reference may best be had torthe ‘ensuing
portion of this-specification; taken in conjurction with the
‘ac¢ompanying drawings férming-a part heteof, in which:

“Fig.'1 is‘a mote or less-diagranimatic longitudinal sec-
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-of member 30.

2

tion, on line.1—1 of Fig..2, of an air preheating.apparatus

.embodying the principles-of ithe invention;

Fig. 2 is.a fragmentary. cross section. taken on. the line
2—2of Fig. 1;
Fig. 3 is a fragmentary plan view. taken on line 3—3 of

_Fig. 2, and .with. certain elements.indicated’in, phantom

for the sake of clarity; ,
Fig. 4 is a fragmentary perspective view of. part of the

structure shown in, the preceding-figures and with certain

elements omitted for the sake of clarity;
Fig. 5 is a view, similar to Fig. 3, showing .a: different
structural -arrangement . of certain of the .parts: for pro-

.ducing. an. altered character of fluid: flow;

Fig. 6 is a.fragmentary cross section taken on the line
6—6 of Fig. 5;

Fig. 7 is.a:fragmentary perspective- view, similar to
Fig. 4, of the arrangement shown in Fig: 5;

Fig. 8 is-a view similar to Figs. 3 and.5 showing an-
other arrangement of structure for producing fluid flow
of different character than that.shown in Figs. 3 and.5;

Fig. 9 is a fragmentary cross section taken on line 9—9
of Fig. 8;

Fig.. 10 is. a. fragmentary longitudinal.section. taken on
line 10—-10.of Fig. 8; )

Fig.'11 is a view, .similar to Fig. 8, showing structure
providing an altered character of fluid flow as corhpared
with that of Fig. 8;

Fig. 12 is 4 longitudinal section similar to Fig. 1 show-

_ing apparatus embodying the invention and hayving a. dif-

ferent form ‘of rotor than that shown: in Fig. 1, and

“Fig. 13.is a fragmentary Cross. section. taken on the line
13—13 of Fig. 12.

“Referring now more’ particularly to" Figs. 1 to 4, the
apparatus comprises a rotor indicated generally at 10,
having a shaft part 12 and a hollow drium 14 defined by-a
radial end wall 16, a cylindrical wall I8 and a second
radial wall'20. “The cylindrical wall 18 carries a multi-

“plicity: of external ‘axially spaced. radial fins or ribs 22,

providing between then a multiplicity of external anmular
channels or grooves 24. “The drum further carties ‘a
multiplicity 'of similar internal ribs 26, providing a multi-

plicity of internal annular, grooves 28.

Associated with the rotor there is provided a rotational-
Iy stationary structure comprising a’hollow drumliké in-
ternal casing member indicatéd generally at 30. -Member

“30 is tmounted ‘coaxially with-thé rotor and has a c¢ylin-

drical casing wall 32 radially spaced from the inner ends
of the internal ribs 26. "It further is provided with an in-
let 34 at.one'end and outlets 36 at the other end.

The .stationary structire further comprises an “outer
drumlike casing wall-38 surrounding the totor-and radial-
1y spaced from the external ribs 22. “The stationary struc-
ture further Has'erd walls 40 and 42, the former extend-
ing inwardly past the end wall 16 of ‘the rotor ‘to shaft
part. 12-of the rotor where aseal 41-may’ be employed,
and: the latter extending inwardly to the-inlet portion 34
‘An'inlet duct-44; for fluid communicates
by-way of opening 46-at one end of the rotor with.the
space 48 between rotor wall 18 and the outer casing 38.
This space communicates-at- the other end of the rotor

by way " of an ‘opening 49 -withthe -outlets - $0~and 52.

The ‘wall' 84 extends inwardly to-d-seal diagrammatically

‘indicated at 56'and with - wall 42 providing-an- otitlet ‘duct

58 which communicates with the-space & between the
rotor-wall 18 and wall’32 of member::30.
In'the -embodinient of apparatuis illustrated-one of ‘the

flnids; as foriexample-air'to be-hicated, enters ‘the mem-

ber 30 through the inlet 34 anid ‘flows in"the ‘direction-of

‘atrows 62 through ‘member 30. "From: this-space the air

flows-generally “from right to 1éft -as-viewed in*Fig. -1,

‘anid- in-a ‘manner heréinafter -described:--more- in - detail,

~through ‘the: space ‘60-between / the ‘rotor drum' 18-and
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the wall 32 of member 30, and from this space to the out-
let duct 58. : - :

Hot fluid, such as spent combustion gases, enters in the
direction indicated by arrow 64 through inlet duct 44
and opening 46 to the space 48 between the rotor drum
18 and the outer casing wall 33. The gas flows generally
from leit to right as viewed in Fig. 1 through this space

in a manner hereinafter to be described and through _

opening 50 to the outlet duct 52.

The wall 32 of member 30 carries a plurality of baffle
members §6 extending axially of the rotor and periph-
erally spaced around the circumference of wall 32.

10

These members are of comb-like form having a multip-

licity of fingers 68 projecting into and substantially
filling the cross sections of the grooves 28, Similar
comb-like bafile members 70 extend inwardly from the
outer casing wall 38 and are provided with fingers 72
substantially filling the cross sections of the external
rotor grooves 24.

Externally of the ribs 22 and located peripherally in
spaced relation between the baffle members 70, a plurality
of cover members 74 extend axially in closely spaced
relation to the crests of the ribs 22. These cover
members are supported by means of partition or guide
plates 76 carried by the casing wall 38, as will be more
clearly seen from Fig. 3. These partitions extend periph-
erally from one baffle 70 to the next and comprise
oblique central portions 78 overlying the cover members
74 and transverse end portions 8¢. The end portions
8§ of these partitions extend beyond the edges of the
cover members to the adjacent baffles and divide the
spaces between the edges of the cover plates and the
baffles into two series of axially aligned ports between

. each two adjacent baffles. One series of such ports is in-

dicated at 82, 82a, 82b and 82¢, and the other is in- °

dicated at 84, 844, 84b and 84c, in Figs. 3 and 4, These
ports provide communication between the sectors of the
grooves 24 between the adjacent baffles and the space
between the baffles which lies radially outside the cover
“members or plates 74, the latter space being divided by
the partitions intc a series of oblique transfer passages
as indicated at 86, 864, 86b and 86¢ in Figs. 3 and 4,

15

20

25

these passages being defined by the cover plate 74, the .

radially outer parts of baffles 70, the outer casing wall
38 and the partitions 76. . .
Radially inside the rotor ‘drum 18, a similar structure
is provided comprising cover plates 88 disposed adjacent
to the crests of the inner ribs 26 and series of partitions
_or guide plates 90 for supporting the cover plates and
forming series of ports 92 and 94, and together with the
cover plates 88, the inner. casing wall 32 and adjacent
inner baffles 66 providing oblique transfer passages 96
.similar to passage 86. ‘Transfer passages 86 and 96
differ in that they are oblique in opposite directions with
respect to the rotor axis.
The operation of the apparatus described is as follows:
Considering first the gas entering through duct 44 and
opening 46, this gas enters radially a group of grooves 24
through- inlet ports 82 distributed around the periphery
of the structure. It being assumed that the rotor is turn-
ing in the direction indicated by arrow 98 in Fig. 4,
friction between the gas and the surface of the moving
ribs causes the gas streams in the grooves to move pe-
ripherally in the direction of rotation of the rotor under
the cover plate 74 until they are forced radially out of
- the grooves by the fingers 72 of the baffle members 78,
- which substantially block or dam the grooves.
If we now consider the action of the gas streams in
- the pertion-of the apparatus shown in Fig. 3, it will be
apparent -that- the streams entering the grooves through
~ port 82 and ejected from the grooves through port 84
- flow obliquely through the transfer passage 86a and port
.:82a to an adjacent set of grooves through which the
streams flow- until ejected-through port 84q into transfer
- passage 860 which carries the air to the inlet port $2b

45

60

~by’ the relatively dirty combustion gases.

of a succeeding set of grooves. This action is repeated
until the gas reaches the discharge end of the rotor and
from Fig. 4 it will be evident that the gas column enter-
ing port 82, which is divided into individual streams in
the grooves, travels in what may be said to be a generally
helical path to flow along the rotor between two ad-
jacent baffles. From the preceding description, it will
be obvious that peripherally of the rotor there will be a
series of such gas columns each confined between two
adjacent baffles and moving in generally helical paths
alorig the rotor.

The action with respect to flow through the grooves
between the inner flanges 26 is the same as being de-
scribed and for the apparatus assutined, the air enters
through duct 34 and is divided into a number of air
columas each flowing between adjacent baffles in a gen-
erally helical path along the rotor to the outlet duct 58.

While both the gas and the air flow peripherally in
the direction of the rotor, while in the grooves, it will
be evident from Fig. 1 that the general flow relation
between the two fiuids is counterflow, the hottest gas be-
ing in heat exchange relation with that part of the rotor
in contact with the hottest air and the coolest gas being
in heat exchange relation with that part of the rotor to
which the coolest entering air is admitted.

The action of the apparatus has been described above
as applied to the preheating of combustion air by com-
bustion gases and in such applications it is ordinarily
preferable to pass the gases through the external grooves
of the drums and the air through the internal grooves
since the volume of gas passing through the apparatus
in such applications is usvally larger than the volume
of air. Also, the external groove structure is more
readily cleaned of solids such as soot and ash deposited
Insofar as
the basic operation is concerned, it will, however, be
evident that if desired the hot medium may be passed
through the internal grooves, and the medium to be
heated passed through the external grooves, the choice
being governed by the nature and characteristics of the

-media employed and the desired heat exchange between

them.

As is well known, the rate of heat transfer between a
flnid and a solid body is, among other things, a func-
tion of the relative velocity between the two and by the
present -arrangement a high relative velocity between
the rotor and the gaseous fluids can readily be main-

' tained. Also, by limiting the uninterrupted flow of the
" fluids in individual grooves to sectors of predetermined
- length, the character of the flow can be controlled so as

to produce 2 high rate of heat transfer not only because
of high relative velocity, but also because of the fact
that the absolute velocity of the fluid can be maintained
at a sufficiently low value to prevent turbulence of an
undesired nature. If the velocity is sufficiently low, gen-
erally laminar flow can be maintained except at the
surface layers where small secondary eddies rotating
about axes normal to the general line of flow are pro-
duced. These eddies are desirable from the standpoint
of heat transfer and do not create much resistance to
flow, and since the grooves are preferably generally rela-
tively deep and narrow, the eddy like turbulence of the

~ surface layers is sufficient to bring most of the fluid

stream into heat exchange contact with the solid sur-
face. If the stream in a given groove is permitted to
be accelerated to too great an absolute velocity, so that
its velocity relative to that of the walls of the groove is
low, by being permitied to travel too long a path in a
given ‘groove, not only is the temperature difference and

" the rate of heat transfer accordingly reduced, but also
-there may be induced a rotary turbulence in the plane

of rotation, which is undesirable. Further, by ejecting

- the fluid from the grooves after a predetermined length

of travel and transferring the fluid to another set of

-grooves, it is further ensured that all of the fluid in a
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grven “stream or column is “brought into mtlmate heat
exchange relation Wlth heat transfer surface.

The number, spacrng and cross. sectional shape and
area of the grooves may vary w1de1y depending upon the
nature of thé heat exchange conditions to be mét, the
character of the fluid or fluids involved, entéring temi-
peratures and des1red léaving temperatutes, volumes fo
be handled, pressures and other specific factors. These
factors will also affect the length of the paths.of flow of
the streams in mdlvrdual grooves, . the groupmg of the
grooves which may, for example be such in an extreme
case.that each “group” may consist of but a smgle groove.
In the embodiment being déscribed the grooves have, for
thé sake of simplicity, been shown of equal cross section

‘between equally spaced ribs.. Tt will be evident; however,

that in ‘cases where a gas is materially ¢ooled and con-
tracts materxally during its flow throngh the apparatus,
and it is desired to maintain a relatively constant velocity
of ﬂow, the ribs may be ‘spaced: closer ‘together at the
colder end than at:the hot end to compensate for ‘the
contraction. :

Also, in apparatus where the path of flow is relatlvely
Jong and through a large number of groove sectors, the
cumulative effect of the friction' may result in a higher
than desired’ velocity ‘through the apparatus when a
glven fluid columin ‘traveéls in all cases through the grooves
in the diréction of movement of the 'rotor, as illustrated
for example” in- Fig. 4. This “condition 'can readily “be

10
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20

25

avoided by. apparatus operative to reverse the direction -

of flow in any sélected number of sectors'so that ‘in ‘such
séctors” the fluid flow in' the grooves is ‘cotinter to ‘the
dlrectron of movement of the rotor and in Figs. 5 107,
one suitable ‘embodiment ‘of ‘apparatus for effectmo this
is’ 111ustrated In substantrally all particulars the arrange-
nent is ‘the same as that previously described and cor-
tesponding parts ‘are correspondmgly numbered;: The
difference - between the constructrons is ‘that for any. se-
lected, ‘space, ‘0T Spaces; as. shown more partlcularly in
F1gs 5 and' 7, the direction of slant of the oblique por~
tion 78 of the partition mémbers 76 is reversed as in-
dicated at 78a so that if we compare Figs. 3 and 5, and
Figs. 4 and 7, respectivély; it-will be seén that the fluid
flowing from the grooves through outlet port 84a; ﬂows
axrally in the arrangement of Figs. 5 and 7 to inlet port
82b; which is in effect an axial continuation of the outlet
port 844, From inlet port 82b, the fluid flows through
the ‘grooves cotinter 16 the direction of rotor. movement
to ouitlet port 845 which in this embodiment is on the
Same side of the cover inember 74 as the inlét ports 82
afid ‘824, In the ‘embodiment illustrated, - the counter

flow'is catriéd through a plurality of groups. of grooves;.

but ‘it will be ‘evident that this specific'arrangement may
be varied at will with respect to the nuinber and arrange-
ment of passes through the, ‘grooves -in which' the- fluid
flows-counter to.the direction .of rotor rotatlon, as com-
pared ‘with the passes in which the flow is in’ the same
direction. In any case, it will' be apparent that in those
passes where the flow is ‘counter to.the direction of rotor
rotation, friction will exert a.decelerating effect and by
proper. sélectionfor @ given -design the rate of flow of
fluid ' through - the apparatus. as a. whole may readily be
governed to suit the specific conditions.

“As noted ‘above, the grooves-are preferably relatlvely
deep and narrow and the ratio of depth to width of the
grooves may i many. instarices be as much as, ten' to
one; ‘or ‘even-materially .greater. Wrth such relatlvely
deep -and harrow. grooves; the:rate of heat transfer. in
the ‘grooves is improved by the prov1s10n of auxrhary
guide fingers shown at-102 and 104 in Fxg 2, which
fingers extend only partially of' the full depth -of ‘the
grooves and -are located so that they serve to dlvrde and
guide the fluid entermg ‘and leaving the ‘groove. sectors
through. the respectrve mlet and’ outlet ports. These
ﬁngers may be parts of comb like members s1m11ar to the
bafile members 70 And ‘stipportsd in any “suitablé ‘fashion
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'as paits ‘of the statlonary ‘striictiire, it being Hoted that
in the present embodimient these guide memibers must bé
radially spaced from theé cylindrical. | walls 32 and 38 re-
spectively, of the stationary structuie since the ﬁuld
must flow across the tops of these guidé members” in 1ts
flow betweén the séveral ports and the transfer passages
For the sake of clarrty, these guide members have been
shown. in phantom view in Fig. 3 and have been omitted
from the showmg in Fic. 4. The number and specrﬁc
arrangements of the guide ﬁngers at any partlcular port
ot series of ports may be varied to suit the individual
conditions required in. order to obtain a more advan:
tageotis distribution of flow of -the fluid throughout the -
depth of 'the groove.

Also in certain instances it may be des1rab1e to pro-
vide inlet ports ‘'of ‘greater ‘peripheral extent than that of
the ontlet ports, rather than ports of ‘équal ‘area as ‘shown
i the apparatus 111ustrated

It will further be apparent from the ‘nature of the apt
paratus descrlbed that “in" addition to actig -as a heat
exchanger the apparatus may also- provide all. of the
power required to create the flow of “the fluid media and
for example when ‘used as an air prebeater may provide
the only ‘means required to produce thé necessary forced
draft’ ﬂow of the comibiistion air and also the force ré-
qurred 10 exhaust the “spent ‘combistion ‘gases.  Thiis
th apparatus may enable separate forced draft and &x-
haust” fans to-bé ‘eliminatéd -entirely; or meterlally e
duce the power requrrements -for stuch fafis by acting as
a compound fan for both purposes. ‘

In ‘both of the émbodimetits above described, the §ta-
tlonary strictire is arranged so that ‘thé fluid" ¢oliinmns
flow in! generally axial direction: from end to end’of the
rotors. This arrangement, however, may be varied and
in Flgs 8 “‘to 10, “anothér embodiment ‘is” 111ustrated in
which 4 -different path “of flow -for the air colurnns- is
provrded In' this example the ‘general arrangement of
rotor’ and ‘stationary structure are s shown in Fig:- 1,
and’ correspondmg “parts--aré - similarly desrgnated I
the present- construction, ‘the baffle members providing
the fiiigers extending into the ‘grooves, do -not ‘extend
from ‘end 'to eénd of the rotor bit are per1pherally offset
as indicated at 70a; 795, 70c, 70d and 70e in” Fig. 8.
Each of ‘these ‘offsét baffles s coextenswe with a group
of grooves ‘the ‘mimber of which may -be chosen at
will; - axially ‘coextensive with ‘the baffles.” ‘A serles of
sets of Box like Cover mieiibers 106 and 108, the bot:
foiths“of “which provrde respectrvely the cover members
74 and 8§ 1ocated réspectively ‘over the ifinér and outer .
rotor groovés.  The eénd Wwalls 110 and- 112 of these box
like" members define peripherally the lintits of the inlet
and outlet ports communicating with the groove. sectors
while the side walls 114 "and 116 deﬁne the axial exteat
of the ports Dug to the perlpherally offset relation -of
ad;acent onés of thie several seriés of the box miembers
the outiet “ports’ commiiicate with:-‘onie ‘groupof ‘grooves
Which 'are axially il ‘conimnnication ‘with the inlet ports
of the next adjacent group of - gtaoves by way of axially
extending transfer passages 118, each defined by a baffle
membeér, the 'side’ walls of ‘two ‘of the adjacent box mem-
bers, and the inner- or. outer casing wall 32 or 38 as
the case Hay be.

From Fig: '8, the’ nature of the-flow of ‘the fluid col-
fitns 38 tndicated by arrows 120, from . which it will be
seen that the . several columns progress: successwely
through perrpherally offset ‘sectors of axially successive
groups of grooves, the perieral direction’of the path of flow
‘being “helical around thé ‘rotor drum’ rather than ‘gen-
erally- axially thereof 48" in:‘the :arrangement ‘shown ‘in
Fig. ‘L.

‘In-the present QJriangement, auxiliary. guide ﬁngers
102 and 104 are showh and ‘it will' be noted thatin ithe
present ‘construction these gurde fingers can be ‘extended
£ support by the casing parts 38 ‘and- 32, respectrvely,

‘$ince the ‘flow- throtigh ‘the ‘transfer passageis lengthiwisé
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of these gulde members rather than across the tops of
them, as in the previously described embodlments

Iii the arrangement shown in Fig. 8, the fluid flow
i the grooves is always in the direction of miovemeiit
of the rotor and for reasods previously explamed it
iiay be desirablé to provide for counter flow of the fluid
in oiie or more groups of grooves. An arrangement for
effecting this is shown in Fig. 11, wherein certain of the
baffie memibers 70 afid box members 106 are shown in
offset relation such that the direction of flow of the
fluid columns is peripherally reversed as mdlcated by
arrows 122.

. In Figs. 12 and 13, the invention is shown embodled
in a rotor of different form than that shown in the pre-
viously described embodiments.

In this form of the apparatus the rotor shaft 260
carries a radially extending disc 202 which in turns sup-
ports a multiplicity of radially spaced concentric cylin-
drical ribs 264 and 206 on the opposite sides of the disc
respectively and providing a multiplicity of annular cy-
lindrical channels of groove like form 268 and 216,
respectively. The stationary structure indicated at 212
comprises an outer cylindrical shell 214 between which
and disc 262 a seal diagrammatically indicated at 216
is provided, and end walls 218 and 220. The structure
forms an inlet duct 222 for fluid such as air to be
heated, which communicates with the annular space 224
immediately around the rotor shaft on one side of the
disc 202." The structure further provides an outlet duct
226 having an annular portion 228 extending around the
periphery of the casing adjacent to the end wall 22¢ and
the flow of -air from duct 222 to 226 is generally outward
from the central inlet space 224 to the periphery of the
rotor duct and the annular duct 228. The end wall
220 carries a plurality of sets of baffle members 230
which provide fingers 232 extending into and substan-
tially -damming the grooves 208, the sets of baffles at
the same radius being peripherally offset with respect
to adjacent sets of baffles at greater radius, as seen
more clearly in Fig. 13, and between adjacent bafiles
of each set are box like cover members 234 which are
likewise in sets, with adjacent sets of different radius
peripherally offset relative to each other.

These. cover members 234 are similar in form and
function to the box like cover members illustrated in
Fig. 8, and have side walls defining inlet and . outlet
ports 236 and 238 communicating with the sectors of
the grooves between adjacent baffles of the same set.
As further will be seen from Fig. 13, the relative periph-
eral location of the cover members of the adjacent sets
is. such that the inlet ports leading ‘to one group of
grooves-is radially in registry with a group of outlet ports
leading from a radially adjacent set of grooves, to pro-
vide radially extending transfer passages 249 for carry-
ing fluid discharged from the sectors of one group of
grooves to -peripherally offset” sectors of the adjacent
group of grooves lying radially outside the group from
which the fluid is discharged.

By comparison of Figs. 13 and 8, it will be evident
that the arrangement is the same in principle in both,
the difference being that the several columns of fluid in
the arrangement of Fig. 13 flow in generally spiral direc-
tion radially of the rotor, as indicated by arrows 242, in-
stead of generally helically of the length of the rotor as
in the construction of Fig. 8.

In the preseént embodiment the structure provides an
inlet duct 244 for fluid, such as combustion gases, this
duct having an annular portion 246 for distributing the
gas to the radially outermost grooves. The casing wall
218 carries baffles 248 provided with fingers 250 ex-
tending into grooves 210 and box like cover members
252, similar to the cover members 234 carried by the
end wall 220. The arrangement of these baffles and
cover members is similar to that of the structure shown
in Fig, 13 and need not be described in detail, the dif-
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ference between the arrangement at the two sides of the
disc 202 being that in one case the fluid flow is in
generally outward direction while in the other case the
flow is in. generally spiral inward direction to the outlet
duct 254. As in the previous embodiments, this at-
rangement provides for counter flow. Preferably, as
described, the fluid to be heated, which exands, flows
cutwardly, while the heating fluid which contracts due
to being cooled, flows inwardly.

It will be evident that in the embodiment just de-
scribed, the arrangement of the baffles and the cover
membets may be made so as to provide flow of fluid
counter to the direction of rotation of the rotor in as
many of the sectors as is desired in order to provide the
desired rate of flow. Variation in relative size of inlet
and outlet ports and the provision of auxiliary guide
fingers are, for the sake of clarity, omitted from the fig-
ures. Other features of design previously described may
equally well be applied to the embodiment under con-
sideration.

In all of the previously described embodiments, move-
ment of the rotating body is utilized to induce flow of the
fluid or fluids and the rotary movement of the fluid and
solid bodies is cencurrent.

However, the basic principles of the invention are
equally applicable, with improved results, in cases where
in order to secure an even higher rate of heat transfer
between fluid and solid bodies, the fluid is forced by me-
chanical means such as a fan to flow counter to the
direction of rotation of the solid body. For such a
method of operation, it is evident that the structures here-
inbefore described, except for the modifications illustrated
in Figs. 5, 7 and 11, are suitable without change, it only
being required that appropriate fan or equivalent means
of any desired conventional kind be provided to effect the
necessary flow of fluid in the direction opposite that in-
dicated by the arrows in the several figures.

Even the modifications of Figs. 5, 7 and 11 would be
operative with forced flow counter to the direction of
rotation of the solid body, but in such cases the reversal
of flow at intermediate places effected by these structures
would serve no useful purpose and would in fact be
detrimental.

Superficially, it might appear that forced flow counter
to the direction of rotation of the solid body is at variance
with the basic principles of the invention as hereinbefore
described, but such is not the case, since high relative
velocities between - the heat exchanging bodies may be
secured with relatively low absolute velocities of the fluid
bodies.. Low absolute velocity of the fluid avoids creat-
ing the undesirable turbulent rotary flow of the fluid in
the plane of rotation hereinbéfore discussed, even though
the relative velocity between the fluid and solid bodies
is high. = This, together with the fact that only relatively
low absolute velocity of the fluid must be generated, in-
sures a relatively very low power requirement for the rate
of heat exchange obtained.

While for purposes of explaining the invention, ap-
paratus has been shown for heat exchange between two
gaseous fluids both of which are caused to flow in accord-
ance with the novel principles of the invention, it-will be
understood that such principles are equally applicable
for heat exchange between gaseous and liquid fluids, be-
tween different liquids, and for heat transfer between a
fluid and a- solid body. Further, it will be apparent
that if desired one of the two fluids between which heat
is exchanged may flow in conventional fashion in heat
exchange relation with the solid body which may have
plain surface or extended surface of known kind in heat
exchange with such fluid.

It is accordingly to be understood that within the scope
of the invention many variations in design and arrange-
ment are possible and that certain features herein dis-
closed may be used to the exclusion of others, the in-
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ventxon bemg deﬁned by and mcludmg all forms of ap-
paratus within the purview of the appended ¢laims.

What is clalmed

1. Heat exchange apparatus . compnsmg a rotor havmg
a plurality of transverse parallel ribs providing a multl-
plicity of open peripherally continuous cirgular groove-
like channels concentric with the axis of rotation of
the totor for flow of fluid in paths of flow in sald chan—
nels lying in planes normal to -said axis and stationary
structure’ including inlet and outlet openings for fluid
and having a wall concentric with and cooperating with
said rotor to.provide for flow of -said fluid ‘between said
openings. through. said channels in:heat exchange relation
with the rotor; said structure including longitudinal baffles,
edch baffle having one longitudinal edge . abutting said
wall and the opposite 10ng1tud1na1 edge having fingers
extending into and obstructing said channels; longitudi-
nally extending cover means for.said channels disposed

between adjacent said baffles; means forming transfer pas- .

sages connecting different channels at places adjacent to
said baffles and at opposite sides of -said cover means for
fiow of fluid progressively through different channels:and
means to drive said rotor.

2. ‘Heat exchange apparatus comprising a rotor having
a plurality of transverse parallel ribs -providing-a multi-
plicity of open peripherally contitfiuous circular groove-
like channels concentric with -the axisof rotation: of 'the
rotor ‘for flow of fluid in paths of flow in said .channels

lying in planes normal to said axis and stationary struc- |

ture including inlet and outlet openings for fluid and
having a wall concentric with and cooperating with “said
rotor to provide for flow of said fiuid between-said open-
inigs through said channels in heat exchange relation with
$aid rotor; said- structure ‘including ‘a -plurality. of pe-
ripherally spaced longitudinal baffles, gach baffle ‘having
one longitudinal edge abutting said wall and the opposite
longitudinal édge’ having fingeérs extending into and ob-
structing said ‘channels ‘to’ provide a’ plurality of channel
sectlons in each. channel, longitudinally- extending cover
means for sa1d channels dlsposed perlpherally between
nectlng différent séctions of different channels at placés
ad]acent to said baffles and ‘at ‘opposite sides of said
cover means for flow of fluid progresswely through sec-
tions of differént channels and means.to drive said rotor.

3, Heat exchange appatatus comprising a rotor having
a -plurality of transverse parallel ribs providing a multi-
phcnty of .open peripherally .continuous circular. groove-
like channels concentric with the axis of rotation of the
rotor for flow of fluid in paths of flow in said channels
lying in-planes normal to said axis and stationary struc-
ture including inlet’ and outlet openings for fluid and
having a wall concentric with and cooperating with ‘said
rotor to provide for -flow of said fluid between said
openings through said channels in heat exchange relation
with the rotor, said structure including longitudinal baffle
members, each baffle member having ~one longitudinal
edge abutting said wall and the opposite longitudinal edge
having a series of axial aligned fingers providing bafiles
extending into and obstructing a series -of said channels,
longitudinally extending cover means for said channels
disposed peripherally between and peripherally spaced
from adjacent baffles to provide ports communicating with
the channels adjacent the baffles, means forming trans-
fer passages defined in part by said cover means, con-
necting ports with different channels. at opposite sides of
said cover means for flow of fluid progressively through
the several channels and means to drive said rotor.

4. Heat exchange apparatus comprising a rotor having
a plurality of transverse parallel ribs providing a multi-
plicity of open peripherally continuous circular groove-
like channels concentric with the axis of rotation of the
rotor for flow of fluid in paths of flow. in said channels
lying in planes normal to said axis and stationary struc-
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turé mcludmg inlet an | outlet’ opemngs for finid and hav-
ing a wall concentric with and. cooperatmg with said 10-
tor to prov1de for flow of sald fluid between said open-
ings through said channels in ‘heat’ ‘exchange  relation
with the rotor, said structure mcludmg a plurality of
longltudlnally perlpherally spaced baffles, each baffle hav-
ing one longitudinal edge “abutting said wall dnd the“op-
posite. long1tud1nal edge having axially ahgned fingérs
providing baffles extendmg info and obstructmg said chan-
nels, longltudxnally extendmg cover means for said chan-
nels - disposed perlpherally between and pcrlpherally .
spaced from adjacent baffles to provide ports commum-
cating with the channels ad]acent the baffiés, means in-
cluding said cover means and partitions d1sposed obhque-
ly with respect to the planes of the channels formlng
obhque transfer passages connecting "ports commumcat-
ing with certain of said channels at one, side of said cov-
er means with ports communicating with other channels
at-the other side of said cover means and means to.drive
said rotor. .

5, Heat exchange apparatus comprlsmv a rotor-having
a plurahty of transverse parallel ribs providing a multi-
plicity of open perlpherally continuous -circular groove-
like :channels concentric with the axis of rotation of the
rotor for flow of fluid in paths of flow in said channels
lymg in planes normal to said axis and stationary struc-
ture including inlet and outlet openings- for fluid and hav-
ing a wall concentric with and cooperating with said ro-
tor to prov1de for ﬂow of said fluid between said open-
ings through said channels in'heat exchange relation with
said  rotor, said' structure including a plurality of lon-
gltudmal perlpherally spaced sets of baffles, said bafﬁe
having one longltudmal edge abutting said wall and the
oppos1te 10ng1tud1na1 edge having" fingers extendmg mto
and obstructmg said -channels, thie baffles of one set bemg
perxpherally offset. with respect to the baffles of the. ad-
jacent sets, longitudinally éxtending cover means:for said
channels disposed - peripherally between and pcrlpherally
spaced from adjacent baffles of each set to"provide ports
commumcatmg with the .channels adjacent the baffles,
means forming transfer: passages connecting ports com-
mumcatmg with different channels at opposite sides of
said cover means for .flow of fluid progresswely through
differént channels and means to drive said rotor.

6. Heat excharige apparatis comprising a, rofor, hav-
ing a plurality of transverse parallel ribs providing a
multlphclty of ‘open " peripherally continuous circular
groove-hke channels concentric with the axis of rotation
of the rotor for flow of fluid in paths of flow in said ¢han-
néls ‘1ying ‘in "planes normal to said “axis and stationary
structure including inlet and outlet opénings for fluid
and having a wall concentric’ with and cooperating with
said rotor to provide for flow of said fluid between said
opening -through said channels-in heat exchange relation
with said rotor, said structure including a plurality of
longitudinal peripherally spaced sets of baffles, said baf-
fles having one longitudinal edge abutting said wall and
ghe opposite longitudinal edge having fingers extending
into and obstructing said channels, the baffles of one set
being peripherally offset with respect to the baffles of
the adjacent sets, longitudinally extending cover means
for said channels disposed peripherally  between and
peripherally spaced from adjacent baffles of each set to
provide ports communicating with the channels adjacent
the baffles, means forming transfer. passages connecting
ports communicating with different channels at opposite
sides: of said cover means for flow of fluid progressively
through different channels, at least certain of said trans-
fer passages connecting ports situated ahead of said baffles
with ports situated behind adjacent- baffles, considered
in the direction of rotation of the rotor and means to
drive said rotor.

7. Heat exchange apparatus comprising a rotor hav-
ing a wall and a plurality of transverse ribs extending
from the opposite sides of said wall to provide on each
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side. of the wall a series of peripherally continuous open -

groove-like circular channels concentric with the axis of
rotation of the rotor, stationary means including inlet and
outlet openings for fluid and having walls concentric
with and cooperating with said rotor to provide for flow
of fluid in paths of flow in said channels between said
openings lying in planes normal to said axis, said sta-
tionary means including longitudinal bafiles, certain of
said baffles having one longitudinal edge abutting one of
said last named walls and the other of said baffles having
one longitudinal edge abutting the other of said last
named walls and the opposite longitudinal edges of said
bafiles having fingers extending into and obstructing said
channels, longitudinally extending cover means for said
channels disposed between adjacent baffles, means form-
ing transfer passages connecting different channels at
places adjacent to said baffles and at opposite sides of
said cover means for flow of fluid progressively through
different channels on each side of said first named wall
and means to drive said rotor.

8. Heat exchange apparatus comprising a rotor hav-
ing a wall and a plurality of transverse ribs extending
from the opposite sides of said wall to provide on each
side of the wall a series of peripherally continuous open
groove-like circular channels concentric with the axis of
rotation of the rotor, stationary means including inlet
and outlet openings for fluid and having walls concentric
with and cooperating with said rotor to provide for flow
of fluid in paths of flow in said channels between said
openings lying in planes normal to said axis, said sta-
tionary means including a plurality of longitudinal periph-
erally spaced baffles, certain of said bafiles having one
longitudinal edge abutting one of said last named walls
and the other of said baffies having one longitudinal edge
abutting the other of said last named walls and the
opposite longitudinal edges of said baffles having fingers
extending into and obstructing each of said channels to
divide the same into a plurality of sections, longitudinal-
ly extending cover means for said channels disposed be-
tween adjacent baffles, means forming transfer passages
connecting different sections of said channels at places
adjacent to said bafiles and at opposite sides of said cover
means for flow of fluid in each side of said first named
wall progressively through peripherally displaced sections
of different channels on the same side of said first named
wall and means to drive said rotor. . )

9. Heat exchange apparatus comprising a rotor drum
having a plurality of transverse open circular groove-
like channels concentric with the axis of rotation of the
drum and providing for flow of fluid in paths of flow

12 '
in said channels lying in planes normally to said axis,
said channels comprising a first series of inner channels
extending radially inwardly from the wall of the drum

~and a second series of outer channels extending radially
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outwardly from the wall of the drum with said wall de-
fining the bottoms of both series of channels, stationary
structure including inlet and outlet openings. for -fluid
and ‘having inner and outer walls concentric with and
cooperating with said drum to provide for flow of fluid
in paths of flow in said inner and outer channels be-
tween said openings, said stationary structure including
longitudinal inner and outer baffles, said inner baffles
having one longitudinal edge abutting said ‘inner wall
and the opposite longitudinal edge having fingers ex-
tending into and obstructing said inner channels, said
outer baffles having one longitudinal edge abutting said
outer wall and the opposite longitudinal edge having
fingers extending into and obstructing said outer chan-
nels, longitudinally extending inner and outer cover mem-
bers for said inner and outer channels disposed between

* adjacent inner baffles and between adjacent outer baffles,
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means providing inner transfer passages connecting dif-
ferent inner channels at places adjacent said inner. baffles
at opposite sides of said inner cover means for flow of
a first fluid medium progressively through different chan-
nels of said first series, means providing outer transfer
passages conmnecting different outer channels at places
adjacent said outer baffles at opposite sides of said outer
cover means for flow of a second fluid medium progres-
sively through different chamnels of said second series
and means to drive said rotor drum.

10. A structure as defined in claim 9 in which said
transfer passages are arranged for flow of each of the
fluids from channel to channel progressively of the length
of the drum and in countercurrent relation with respect
to each other lengthwise of the drum.
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