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ANSFER STRUCTURE -

-

(7-1)’*"- We; - RAYTHEON ‘COMP/ .. example, a direct flame having a 7 kilowatt -~
_poration _organized under the lawsof: the -.output capability_higher cfficiencies will be )
“State of Delaware, United States of America, - realized if the power density characteristic of - -

- Lexington,.: County. - of h_/ﬁddlesex,-..-.the _ transfer structure  can be suitably
- wealth of Massachusetts, United ephanced. The object "of this invention is to 50" :

do hereby declare the in-.- provide improved. structure to achieve much “: . .
we pray that'a-patent may - higher eﬂici_egcicsj_.with power densities 10 to .

d the method by which - 100 times those' normally achieved in the ’

is to: tformed, to be- particularly des- - ‘transfer of -thermal energy. '
cribed in and by the following statement:— " In accordance.with the present invention, ~
well :as the - there is proyided -a heat exchange structure
convqsqon-.-_kif-i"ﬁe‘:f_mﬂl for transferring heat between first and second .

- “fluid media through a thermally conductive. -
solid structure Which incorporates a passage- -

ide : “way- for the first. medium and a plurality of
d - flow - paths for ‘the second medium, which ¢
paths are defincd between a plurality of layers-
of -bodies forming 2 matrix and whose sur- ;.
aces; whichi form the elemental surface areas
" of .the flow paths, and predominantly con-  03°
r - vexly curved in all directions, wherein the . %
‘mieduus e : " average length of the flow paths is not greater *
n.normal- fuel burmers, for: ex: " than -15. times the average radius of curvature .
imited heat transfer area:‘dre exhaust tem--  of the said elemental surface areas. . :
-peratures which may be a few hundred de- - ~'The interstices between the bodies in the, ¥
- grees indicate that a considerable amount of matrix define tortuous flow paths for a fluid ..
vailable heatin the fuel is'not utilized and - heating or cooling medium. The said passage- -
‘lost through the flue Efficiencies of be- " way provides for the passage of another
wecn 50 and .60 percent are, therefore, quite - medium at:a lower or higher temperature than
sual in present day thermal cnergy con-: * the . heating of- cooling medium within the
ersion devices. .- U T o flow pathsiof ‘the matrix. The matrix may be
Increasing - the tra arca between the. ‘provided by 'joining together thermally  con-
flowing fluid dnd the medium to be heated ductive bodies’ through conventional brazing, L
hrough baffles, plates, or. other obstructions  sintering’ or.. soldering techniques by coating..
has ‘ot met: with marked success in improve~  the individual: bodies with suitable materials -.80
ment of heat transfer efficiencics. An_expres- having - characteristics’ for such metallurgical ; -
sion_often-utilized in the art to described the ' processes. P Co
heat! kansfetfgharacteristics—;is “power. density” . Anothier terin used in explaining and des
which denotes the thermal energy per unit._fining the. present. invention is “characteristic' - -
of time flowing: through ' unit of arca of a’ dimension” -/This term .means the’ average -
‘body - to. be ‘heated. - Prior; art devices have: _ di ¢ ‘between opposed boundaries of the: -
_dnﬂally-nﬁsewed pov densities of less than - ss‘ia way - between which thé matnx
100 'watts:‘per_square inch .of transfer arcas. lies. In: circular configuration - with an™
“hi _indi_cf.f\_t'cs'--;t_h'at'ﬁi,tb-fthe-nmncrow'hi_gh.-'. i Iy contained miatrix, the’ characteristici > . -~
) cnergy. sourcés available such ss, 108 ioh will be the dismeter of the con®

‘industry in nu
“as condens
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_ ontaining ‘the matrix. In the flat or
planar . configur:
thermally. conductive wall
-matrix - stracturé  disposed
term_dcnotes

walls, In:co figuration providing 'spaced sec--

ation having spaced parallel

the distance between the parallel.

. between_adjacent sections.
the ptesent inven-
cribed including Auid. passages
an optically dense. barrier
rix.’ Such.a structure will-
efficient domestic hot ‘water sourc
advantagcguﬂy disposed at an
point.. Another embodiment
-orporates the disp
ermal - conductive bodi
surrounding a- condui
power densities..as hi
h for applications such:
- boilers: -for furnaces,” -
ed ‘with the disclosed ef .
ult-in substantial reductions’ in’ F
t transfer modules; .
now be describéd in- . . .
of example, with re-- any of the well known processes including’
; : brazing, sintering or welding. A dip brazing:

* Various embgdiments of
, tion will be déseri
embedded” within
provide . an’
e and .mhay
. desired
of .the

efficiencies ‘real

space and co
- The invention: will
more  detail, by way
ference - to- ccompanying ~ drawings :in”

" Fig. 1'is a:vertical cross-sectio

he arrows;:

4:is a diagrammatic representation of
principal “optimum ' parameters  of the.
lustrative “embodiment; ~ -

~Fig. 5 is'a dia
| flat heat transf

grammatic repr

is-a “schematic representatlon ofa
‘systemn: utilizing the °
1 strated in Figs. 1 t0 3; +

zontal sectional view take
long the line 9—9 in Fig. 8; -

Fig. 10.is a vertical secti
other embodiment of the in
rovide high power density operatic
I sectional view:

onal vicw of -l

Fig. 11:is.a
1.in F

therebetween - the portant: conceptual aspects ‘of the invention,
A heat transfer arrangement which provides .
‘for a high thermal transfer rate utilizing a «
. Structurc to provide optimum power density
along a heat flow path is illustrated in Fig. 4.
Thermally conductive bodies are metallurgic-
ally bonded along contigous surfaces to define
an optically dense barrier matrix 11 along a -
fluid flow path. The interstices between the
bodies define a plurality of tortuous fluid flow .
paths. Sperical bodies, such: as shot or bali.
bearings,. have been shown although similar.
results are attainable with other similarly.
osition -of arranged bodics, the configuration and di
es -within as. wel| as mensions of which meet the critical para

to accommodate heat Meters required by the invention, Suitab}

 thermally conductive materials include copper,
brass, stainless steel carbon steel, aluminium

technique is required for aluminium con
ductive ‘members, '

o ice possibl
. along the direction of fluid flow is one of the

d . design- criteria to be followed in the practice’ ]

i, - of the invention. A fluid flowing along a path
- 'indicated by arrow 13 will encounter the
-.optically dense structure which is joined to a
surface of a conducting wall 12, on the other

side of which another fluid flows. Through the* 10

. provision of a number of bodies 10 arranged
' to provide tortuous flow paths in the optically

© the wall 12 jis indicated by the arrow 14, to:"

the opposing surface 15 of the wall,

path to the nearest adjacent conducting inter- "

' face .with the passageway. Referring to Fig.
.5, a matrix structure 16 is shown- disposed -.
_.between spaced interface walls- 17 and 18 on ;-
the outside of which the other fluid flows. 125

; The fluid flow path for the heating or cooling’
- fluid is indicated by the arrow 19, It has been

Before procecding to ihe detailed descﬁpﬁm,
.hqwev_er, it will be of assistance to_refer to
s with the barrier Figs. 4, 5 and 6 and 2 description of the im-

. dense barrier matrix the total overall efficiency

of the heat transfer device is enhanced. The
path of the thermal energy’ flow from the 11
. flowing fluid through the matrix 11 -adjacent, .

result in transfer to the medium contacting. i

.. Another criterion which can be considered ' [}
- in ‘the provision of an efficient heat transfer T
structure in the shortest distance passible: .
- along the heat flow path concerns the number- "

of bonded joints or junctions in any direction:
. from the point of thermal contact along a heat. 120

bonded joints i
from the point
jacent interface

Another cril
characteristics
designated by
between the p
18. To achievt
with an optic
10 heat path to ¢
- a flowing flui
be depicted
arrows 20 am
" the heat path
15 ‘fluid at any
nearest point
then may be s
- teristic diment
- average size
~-20 approximately
", dimension of
.. stantially lar.
- .above one-ha
. sion, . would
" sufficiently o}
. fact, such a
efficient in the
* the other extr
-.-cductive bodie
30 -onc-sixth of
" violat¢ on O
-+ number caller
requircment :
. conductivity
'35 device. .
.. Fig..6 illu
% vention when
" the flow of
tee 'ban‘jef matri
40" directed in 1t
- as indicated
is referred tc
the design ¢

.- ..‘

o Using self ¢
90 given.in’ tel
- in the condt
. “heat- flux”
- " and may, b
‘. thermal unt
-95  wall area o
9 “which the
.+ ductivity of

and is readi:

Sl urpose. Tt
- 100 Eeat that w
.- bod:
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- -"bonded joints in a desired heat pata; ¢ir¢
from the point of contact to:the nearest ad:

~ jacent interface surface is about two. .
' +  Another_ criterion of  interest concerns the
15 _(:ha_i'_ac'tcristics,Qimens_i_qn;-'-show;}jih Fig. 5 an
S U7 designated by ‘rie arrow C.D. as the distance
. between the 'parallcl'_-'-boundary;'Iw'aﬂ_s__;_17 and-
. . =118./To achieve the highest heat transfer rates
L+ - with en optically dense. barrier structure:
~ 10 _heat path'to the - nearest. boundary surface: fo
..+ g flowing fluid directed -along: path: 19 may::
“te’: depicted by - ";")‘i_:_rpendicuja:ly;.':'_dircct_gd;i
' arrows 20 dnd 2L “The maximum. length -of
h .throtigh .the matrix_from ¢

jon" “joints as well as optical density of the matrix o E
.are applicable. A “circular conduit 23 which 45 ..
may comprise 4 lincar array of parallel] mem- R |
ers: or..a -helical : coil is - embedded in the
arrier matrix 24 of thermally conductive
odies. The, characteristic dimension of this
configuration- i - calculated between the -con- - 50
it wall surfaces -and is derived by averag-
ng -the maximum -and minimum dimensions
~and B-of the! spacing between the con-

its. Thermal energy directed along path 22

will traverse heat. paths indicated by arrows 55
-and " 26. to the adjacent conduit _walls.
ain, as in the: example shown in Fig. 5,

e maximum length of the heat path from
. any. point iin the matrix is desirably one-half _

the: _characteristic. dimension or average 60
distance (A4 B)/2 between the spaced con- an
duit” walls. The  average nuimber of brazed - -
joints is about two from point of impact of -

second fluid and the average size.of the . .

1l-be between one-half to one-sixth 65 .
the ; characteristic dimension for the = U
sdensity.: _
*he “high heat: transfer rate or increased .
et density achieved by the invention is -
‘believed to_be attributable to the large num- 70
ber of . surfaces - provided by the conductive -
veach of..the matrix body members, -
urbulent flow and the very short heat'transfer - -
ath ie boundary surface. Relatively high - - *
ower- “densities . .are attainable in embodi- (3
rients’ of the invention to be hereinafter des- -
¢cribed  and may -be. as high as 1,000 watts

. square inch of the area-of the conduit .-,
orming the. assageway “for the first fluid. .
-embodiments of conventional "
structures capable of handling. power .- '
en ‘of lessthan 100 watts per square
inch it:is apparent that a substantial:improve-.-
ment ' has resulted. -A . useful empirical
equation ;in th¢.'~_’-determin,ation of the design .
incorporating the ' teachings’ of . the
ion is as follows: - et

ristic dimension £
verage size of each
pproximiately ‘one-third of tic::
imension : of the device. Bodie
wantially larger _dimensions; for
bove one-half of the: s
ijon, would no

ufficiently optically

number - called thé:n
requirement and’ ‘there]

sgngl_uctivit_y. efficiency.

7 the external type
iteria: of-the number of; bond

(¢ onductmty or material)

€«

-

stic dimension. The matrix body member ™
ensions can then be readily computed 105 °
this value of characteristic dimension. - .-
e application: of - this equation will- be -~
emonstrated hereinafter in relation to one

“the described embodiments. : A
~“1In Figs. 1,2-and 3 a highly efficient and -

raciical embodiment of the present inven-. -’
ion :is illustrated and will now be described. -
A helical conduit 30 forming a passageway |
or “a first fluid is ‘embedded in and sur- -7
ounided by an external sintered barrier matrix -115°
e matrix’' 31: is -composed -of " discrete:
ly -conductivé bodies ‘small  énough 10

1

for th optical density and the second




collar mem
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i s 4 . i
v - ' — - for d_mé:cgas
How ‘paths thiough heat fransfer unit as described in Figs. 1 to | described, ¢
¢ matrix. The thermal- conductivity, pres- -3 ‘having dimensions’.of about five ir%cshe:- it: available a1
sure drop hgmts_an_d power density will deter-. diaméter and’ aboiit five inches in length was such mean
mine : the pitch, diaméter and overall length * utilized -to provide “a - continuous hot water . 5 In Figs
-of the: conduit 10 arrive' at:-the ‘maximum flow - of approximat y  three gallons per 79 | conduits 6
allowable: heat path and this in tumn will de- minute: The bumner driving the heat transfer matrix 62
" lermine. the characteristic - dimensions. The - unit and all. the clectrical ‘controls including, ~§  bodies as
. fatrix design criteria are then . determined 4. thermbstat, air filte; and safety regulating An upper
v fmxp--t_}xe- characteristic dimension’: value, - . - 'dévices: were: incorporated into ‘a structure i 10 inlet pipe.
0. 1t will be seen from Fig. 1 that the length having ‘a- height of about six inches, a width 75 means 65
of the' gas flow paths through- the ‘matrix is of ‘about twelve inches and an overall length member €
. that provided by 6 t0 7 layers of balls, that js " of about eighteen .inchies. Such a heat transfer ¢ stuctre 6
f to say this length is less than “times the modiile “can replace conventional present day. { . Which are
15 2verage .radius of curvature of the. surfaces her. ter. heaters of  the storage tank variety {15 conduits n
i defining: the flow paths, the ‘average radius. g iameters -of“ approximately two feet 80 | with a che
] of curvature beiiig synonymous . with the a5 eights of approy "

+ radius of .the balls in an- embodiment using
cqual sized balls as iltustrated. It can also be:
secn. from” inspection of the ‘dra '
other embodirhents described be
shorter flow path lengths:-ir; te
average radius of curvature,:

An inlet 32 and outlet 3
connected to a water source-
which -the hot water is to
embedding of the - condy _

. matrix ‘can be achieved by

- helical conduit 30 within -

* defined by two conc

20

‘25

e per square nch at th

', over-all assembly wil
.. arrdy of the bodi

regulator 35 to the inle

efficiency of the he

ow. ' small vent

.. ignition means 40 of any well. known .con= " rya
" struction such as a spark plug:to provide- the.:
‘mecessary ignition of the gaseous: fuel mixture,
An outer-wall-41 surroynds the:heat transfer
structure and a flue 42 ‘},o'r the passape.
exhaust _gaSels_’_}i:tends..to -a conventional

line 571
ks or;bod
ater

mber 38, " being  arra
crgy: transfer rate’ of. more than 100 watts -
urface of the conduit -

which may be any. 100
atural or tank type, . :
ontrol valve 54 and -,

blower of the inex

8 for :instant wusa
- pressure relief valve 59 may be. -
‘is.thus noted that large
ies - utilised in present, .
generation : sources are 'com-,

liminated.; A, compact and unique, -
‘thus-disclosed . which :
in. the area- where the use is
the bathroom or .

oximately six feet, The
re can be very
! “adjacent to the
it In:view of the excee
ch ' devices can also
tant savings in cost of.
X ry with present . i
estic hot water heat’m_g.. 498 collar mer

Mecessary

be

t'52 in blower 51. Any"

the ‘exhaust - temperature is exceedingly 110
mal opening. in & wall may be Y
sed “similar ‘to the ‘type ‘employed in home &
clothes - dryer: No-. natural draught type.
required, “which also results in -
. The water:
56 and the.
e 57 to the -~
ge. A tem-.

‘may be readily

pensive variety -
it applications. The vent' ],
Uly from the heat transfer
de for the egress of the
a convenient fiue. Due to- .
at. transfer and the fact. -

e control of the

con-

final .

dingly -
85

in-

120

- 125

is disposed
structure il

i 20 and adjace

municates
~collar mer

¢, 7. ends of ¢

fluid outle!

further ha:
-gas-air mi
conduit 74
bustible f
30 furnished-
" the upper .
. Figs, I
© tions. In ¢

35. 78 are di

. outer coms
- plates 79
'+ pipe 81

. medium a

- or heated

** The char
. twice the
' thermally
" tween one
95 -therefore

optimum
" . one-sixth
" is’ prefern
. In Fi
100

illustrated
L 'leﬁty

matrix 91
vide the |
bodies su
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—3 — " for the gas sourc have bcen lly ing‘ixid_i'gétgd by the arrow 84, An optically
.jm%gjs,_‘;_l--;-m ..J - |- described, since they:are readily commercially . dense’ batrier matrix structure 85 comprises

five inches in .| * available and normal techniques incorporating ‘a plurality. of thermally conductive spherical
m length was, i such means will- be followed,. = - membérs. joined together to define the flow

s hot - water 5. In Figs. 8 and 9 & linear array of fluid paths - forvithe heated fluid. The barrier 50 .
gallons. per 90 -} conduits 61 isembedded: ‘within a barrier - ‘structure-85 occupies a major portion of the '
heat transfer {. .. ~matrix 62 composed of thermally conductive :.cross-sectional area of the conduit 78 and the

rols including -} . bodies as have: hereinbefore . been described. :* characteristic dimension of this member will

3ty ‘reguliting ‘. ... An upper plate:member .63 supports a -fluid be.‘the inner diameter of the circular conduit ,

* a: structure |- 10 inlet pipe 64 and is secuted by . fastening . as_designated ‘by the arrow 86 and symbol 55
:he__s,'i-? width 75 | 0 mean;efs 6t(7> scr’lghws 66 em}:lcddgd in-a collar . CD. - -

werall length -1 mhembe . The optically dense- matrix: ... g ilar i ix C H
hcat_.._-tr_aqjs%:r_ ;.. structure 62 surrounds the j-}g:mr-conduitsﬁ qus-se?ﬁlgffhlb:rgaero;nggxo:tlroz::gﬁ t7h7e
present day . - which are embedded therein, the ends. of these . ‘With the " internal barcier matrix structure .
tank variety. * 15 conduits and the inlet 64 all communicati 5. occupying only a portion of the overall 60
tly ‘two feet' g9 | . - with a channel. 68 in the-inner side of:th ength of the passage 83 for concentration of | '
x feet.' The -, Collar member 67. A similar end arrangement:” the heated medium, the heat transfer area .
" very ‘con- ° . |- ".is disposed at the opposite end of the-matrix between the mdium in the respective conduits '
' the final - . [ . structure including a lower plate mem jill occur substantially in the region indicated *
e;:_c_eeéléngly- . 20 and .ad:ea:ent'thco]lar memberchzo fn'ﬁs y .the bracket 88. This configuration then 65
also be in- +p v mupicates with-an inner -channe L ovides for hi ity applicati
incostof O0 | - collir member 70 with which. the’ adjacent P Jcs {OF higher density applications. .
vith; present . i ends of conduits; 61 also communicates, A" 'An éxample of the application of the pre-

“viously "enumerated equation (1) "in the- -
ansfer of hear from an intense heat source - - -
may -be noted in the higher power density 70 -
-embodiment 'of Figs. 10 and 11. Utilizing a-

direct flime: source in the passage 83, we

ssume that'a power density of 1000 watts

T square inch of flame area is obtained, ie. - . -
05X10° ‘BTU/sq.ft./hour, and yet silver. 75 = -

‘brazed copper members may be employed.

1 oo fluid outlet pipei72 is supported by:the 1
.~ 257 ¢ollar member 70, The _p,laié'-?'_:rgem

", <" further has a plurality of passages 73 0
-gas-air mixture ‘fed into the device’ throu
conduit-74. The: ignition means for the
: __;mstible fuel within the -‘chamber-.75"

ter héating.

mbodiment, gg
-3 together. ~
Collectlvely -
't -module-
air:blower -
37 to. feed .. 95
‘ombustion =

., Figs. 10 and:11 are directed 'to
‘bodiment for very high power density app -Additionally, it is assumed that a desired
‘tions. In such embodiments: condui d . temperature rise of the heated medium of -
‘78 are disposed ‘about a common:axisThe -1000. dégrees Fahrenheit is specified. Copper: - .
' b ctive: . has a thermal conductivity value of about 200 - 80
n 2 -BTU/hour/ft/°F. In the final structure we - °
assume that: a lower conductivity will be
realized dueto the brazed joints and optical
density of: the thermal paths. A conductivity
factor: of : 50’ per -cent, ic. a conductivity of - §
100::BTU/hour/ft./°F, then will provide a*
reliable:: design “factor.” Utilizing ' the other®
known 'values :the heat path (L) is calculated
as follows: .- . - Tuaiaw

. - 1-medium and ani‘outlet pipe’ 82 provides for
40" the egress of the medium in ‘the vapourised
-or heated-state. The inner conduit: 78’ is ‘opes
t'the-ends for the flow of -a: heated flui

imately 1/4 inch -

The characteristic” dimension “will - then .be

twice the heat path value or 1/2 ‘inch. A

thermally conductive body average size of be- : same. critical ‘requirements. Hence, in applica:

# tween one-quarter and one-twelfth of an inch : tions  where ‘steam. is generated and in con-

95 . ‘therefore .is indicated * for .:the:. required "densation’. devices particles such as mesh, C
' optimum optical density. A one-third value or | Wwires, “shavings, cuttings and the like can be ‘110. @

., one-sixth of an inch for thermal en asindicated collectively by numeral =

2] onfiguration for the obstructions =~ . ."

Fy -conduit ‘will provide for even™ = -

e cation of the invention in industry. - - -

in:a ;- The :‘advantages .of .compactness and 115 L

pro- _efficiency:of the disclosed thermal transfer de- ...

ice‘inthe provision of vastly improved power '

ensicies through. the ‘optically dense matrix |~

ductive members which need not meet these °

passages thereof may be filled with other con-. 105.

o

ize " employed
Py
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structure will now be épﬁhi‘cm. tdi-_thpse_.s:killcd .

in the art from this description. . The. design

criteria of the number. of bonded joints along
the heat:path and’ the average size of “the
thermally . conductive - bodies - in ‘relation to
the characteristic - dimension to provide the
desired optical density - have been carefully

" enumerated. “The foregoing discussion and

‘exemplary application ‘of the cquation will also
assist in the practice of the invention. In-addi.

tion to the:exémplary. cmbodiments: nimerous
other configurations will-be evident - for other

applications. ‘For examp

le,

the thermally con-

ductive bodies' in contact ‘with the’ outermost

conduit walls. The heat
the matrix between the
bers would' still be’ defin

this invention 8y the .

It will be: nioted that’

of the flow path through the matrix_ 85" is .
little less than twice the characteristic. dimen-
. sion 86. In other embodiments the ‘flow path
- is even smaller in rels

tio
dimension.. .

- WHAT 'WE CLAIM

1. A heat exchange structure for 1 er~
_ring heat between first and second fluid media
through a thermally conductive solid. structur
- which incorporates a_passageway for ‘the first”
of flow paths: for ‘th
second mediswm, which. paths -are defited be-
tweeri-a plurality of layers of bodies " form
ing a matrix and whose surfaces, which form

medium and a plurality

are predominantly convexly  curveq vin al
directions, ‘whercin ‘the ‘average length' of the "
.- flow paths is not greater than 15 times the':
- average: radius of curvature of the sajd-
-mental surface arcas, -0 o )
2. A heat-exchange structure according to.
.. claim 1, wherein the said’ bodies are spheres.
3. A heat exchange ‘structure according

- Spherical bodies in the .

50°

thg second medium therethrough, :
‘4. A Heat cxchange structure according to'

' wall surfaces ‘of circular conduits shown in
- Figs: 1 and 8 may be: climinated, thereby ex-
posing’ this portion of ‘the boundary:interface of
stransfer paths within -
spaced conduit meém. ;
ed in accordance with :
thermally conductive |
bodies: in .the fluid flow:path, - .. ; |

in Fig. 10 th --lengt;_}i

n. to-the characteristic

| P

direction of flow of'

- claim'1, 2 or 3, and including heat source-

- means_and blower means constructed to pro-
" vided and" ‘direct -2 flow. of the second
~medium . to and through: ‘the flow paths .

- such a velocity and temperature differenti

. with respect to thcsoh

d_structure’ that’ the:

:a central ‘plenum from -which the second _
'medium ‘flows out. substantially radially .
through the said flow paths; . ‘110

heat - transfer - rdte bétween the second
medium’ and the solid stricture exceeds 100
watts:
the ‘pas
C5UA

sageway for the first medium.

3.-A heat exchange structire according to
claim: 4, wherein--the said means are con-
structed . to. provide and. direct the *second

medium’ flow at such 2 velocity and tem- 65
. perature: differential with: respect to the solid
structare that the said hcat transfer rate ex-
-ceeds 1000 watts per square inch of the said
surface area. . T

6.4 hea .exchaﬁgc structure according to 70 ;

claim 4 or'5, wherein the said means for
providing :and " directing' comprise means for
generating the second medism as the products
of -combustion of a fuel,

~claim*1, 2-.or 3, and ‘including a burner
.arranged ‘to"supply ‘the second medium as the
‘products of combustion of an air-gas mixture
.mixed_bc_f_qre'-reaching'g‘t_he .matrix of bodies.
8.

a

_7,.wherein the burner comprises a com-

- ‘bustion. chamber surrounded by the matrix
- of bodies, - L

'éxchanéé structure according to

9.'A heat'

: a‘;iy._._.-of-_.g:;cl_@ims_.__l to: 8, wherein the matrix is g5
', formed 'within: a conduit around which the-

said passageway is provided and wherein the
average. length of the flow paths is less than

: twide "-the" characteristic transverse dimension
;of the‘conduit, .. - 90

10.°A' heat exchange structure according to
y of claims 1 to B, wherein the said pass-
ageway - comprises a plurality of spaced por-
tions embedded in the matrix and wherein the
verage length ‘of the flow paths is less than 95
twice the characteristic transverse dimension
between- thé. said spaced portions. :

11 A heat-exchanged structure according to .
- to 8 or-claim 10, wherein the .
ay comprises a plurality of . 100

- tubular channels through'the matrix.

+12. A hear exchange structure according to

- any of claims1 to 8, or claim 10, wherein the

Said - passageway comprises.a helical tubular

: ex( A reing o channel through the matrix. - 105-
. claim 1, -wherein the matrix-‘comprises not
‘more than seven layers. of substantially -

: “13." A'heat exchange structuire according to

:claim 11 or .12, whergin: the matrix surrounds

14. A heat exchange structure according to -
any of claims 1°to I3, wherein the layers of
bodies are bonded to cach- other ‘and to at
least one tubular element defining the said o
passageway to form a rigid. matrix structure. ‘115
15. A heat exchange structure substantially

r.squarc_inch of the surface arca of . 60 _

7.- A ‘heat ‘exchange sttucture .according to 75

A’ heat exchange ‘structure according to 80
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15

in. th om
_critetia’ of  the. number
the heat path and. th
thermally “conductive

the characteristic dimension. -to. “pro
desired “optical density have-:

assist in the practice of the inveit

tion ‘to. the ‘cxemplary embodimeii
other configurations will be.-evident:
applications. For exainple,
ductive bodies .in contact with.

wall surfaces’ of circular condui
Figs: 1 and -8 may be climinated;-th
posing this portion of the bouwidan

10

15

20  bers would still be defined in"ag

~ this invehtion By the thermall

- bodies. in _the fluid flow path. -
It will be noted that in Fig. 10 t

of the flow:path through the. .m:

little less than:twice the charicteri

. sion 86. In:other ents ;|

- is-even smaller in relation to-the
dimension. - . -

WHAT WE CLAIM IS:.<: - |

..ring hea

tweenl- a - plurality of _
ing a matrix:and whose surfaices;

 the elemental:surface

areas of ithe flow

directions, whercin ‘the average

flow - paths is. not " greater than
- average radius of curvature of
. mental surface ‘areas, :
- 2. A heat exchange structuie
: claim 1, wherein the said bodie
3. A heat exchange structure
_ claim 1, wherein the matrix ‘compri:
more than of

which- incorporates a_passageway or. the first’
- medium -and’ & plurality of flow paths for the :-

second mediwm, which paths are defined be~;
Iayers of: bodies" form-
hich form -
s 3 v: paths,t:
© are  predominanily convexly ‘'curved™ in all:

structure f_w_i':!l' ,ribw be apparent .tp ithose skilled
¢ drt from this descriptic,m_.-; The design

cnumerated..- The foregoing discussion and
‘exemplary- application of the equation will also
i ' ion; In addi.-

dent for other
the* thermally con-.

ary- interface
conduit walls. The heat transfer -paths within
the matrix between the spaced conduit mem-

cordanice with _
01 - products of combustion of an air-gas mixture.
-~ mixed before reaching the matrix of bodies,

. claim 7, wherein the burnier comprises a com-: -
racte _ - bustion chamber
embodiments: the ﬂo_y_ path .

. formed within a conduit around which the:

* said passageway is provided and wherein the .
i, L . average length of the flow paths is less than

1. A heat-exchange structure’ for. transfer- ¢

it:between first and second fluid media"

through & ‘thermally conductive solid’ sttucture ;

¥

! any of cldims 1 to
i said passageway comprises a
- tubular channels through the matrix.

any of claims 1 to 8,
. channe] through the matrix.

" claim 11 or 12, wherein thie matrix surrounds
.. 4 central )
i oo medium - flows . §

o, through the said flow paths;

o-." any of claims 1'to 13, wherein the layers of
-, bodies are bonded to
2t : least one tubular elem
-, passageway
A hea

- claim 4 or 5, wherein:the said: means for '
in. providing and directing : comprise. means for

" of the conduit, -

-any of claims 1 to 8, wherein the said pass-" 2

“between: the said. spaced. portion$.

heat transfer rate between the second
medium and the solid structure exceeds 100
watts per square inch, of the surface area of . 60
the passageway for thé! first medium. - !
3. A heat exchange structure according to .
claim 4, wherein the -said means are con- .
structed to. provide and direct the *second
medium flow at such a velocity and ‘tem-’ ;
- perature differential with respect to the solid
structure that the said heat transfer rate ex- :
ceeds. 1000 watts per :squarc inch of the said -
surface area. oo
., 6. A heat exchange -structure according to-

generating the second medium as the
of combustion of a fuel, .

7. A heat exchange. structure, according to’ :
claim 1, 2 or 3, and sincluding a burner o
arranged to supply the sécond medium as the S

products

8. A heat exchange ' structure according to: 80
surrounded by the matrix- 0 f

of bodies. Lo L
9. A heat exchange structure according to:
‘any_ of claims 1 to 8; wherein the matrix is

85

g v s popee

twice the characteristic- transverse dimension

10. A heat exchange structure according to
ageway comprises a phirality of spaced por- . L
tions embedded in the matrix and wherein the P
average length-of. the flow paths is less than.- o5
dimension.

twice the characteristic: transverse

11. A heat exchanged structure according to ;.
8 or cldim 10, wherein the :
plurality of . 100

12. A heat exchange structure according to. 3
or:claim 10, wherein the
said passageway comprises. a helical tubular
105;- -
13. A heat exchange structure according to

plenum from. which the second »
out -t

1107

14. A heat exchange stricture according to

, other and to at’

to_"form_' al

t. exchan;

stantially radially, ~ -

- "as hereinbef

and as illust
and 9, or F

Fig. 7, of t
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