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• \~~ _ µxingtc>~~< ~~ · <>f· Middlesex, . the tnmsfer structure can be suitably · 
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,i ·.]::--:>,; .>di.iit contiiiliing ··the matrix. In the fiat or Before proceeding to the detailed description, ~ bonded joints i · · · ... planai:. _coriJigllradon having spa~ .. parallel however, it will be of. asSistance to refer to f.rt·' from the poin1 .. , · ·. thermally. conductive walJs with thC blmer . Figs. 4, s· ana 6 and a dcseription oi the i~- . 1 jacent interfaa ·· · · inatr~x.::structiJre c:Usposcd therebetWCen ·the ·porrant·conccptual aspects of the invention. ' Another cri1 , ' $} tenn ·.d~notes the .distance bet.WC~ _the paijller A heat transfer arrangement which provides . : 70 · t characteristics 1

·· .•.. '!Ills. In)~n~~ration providing sp~ccd sec- for a. high thermal transfer rate utilizing a ··.f ' 5 designated by ·::· ;: t1ons. of t~~;;.s.a.1.d pas~geway embcd~ed -in an. structure to provide optimum power density · between the p . .. external:' bari;ic~ <matrix the term means·:·the along a heat flow path is illustrated in Fig. 4.· · f. 18. To achic:vc .. • :-·; · .. · · : . ~verage .. distance. between adiacent Sectfoi1s. · Thermally conductive bodies are metallurgic- , . Y • with ·an optia · · . /'I~.·· · Varimjs em~iments of the present fo.ven- ally bonded along contigous surfaces to define 75 l 
10 heat path to i . :', :· .· · ·,y, tion will be d~setjbed including .fluid.; paSs"1lges .an optically dense barrier matrix 11 along a , a flowing ftui. ·;:_.,.: ·~:<'. embedded· .within an optically d~se. b~rtier fluid flow path. The inters~ices between the ..... } . be depicted .. :: {:' '{> ma~ix< ·,·Su~h ."· structure will proVici~. an bodies define« plurality of.tortuous fluid flow . . , ! · arrows 20 an< : . : '•:• · · efficient domestic hot water sou·rec and ;inay paths. Sperical bodies, such· as shot or ball:. '. · <',_</. jr. .. · the heat path ... 2 I~< be .. ad'.'Bntagepusly disposed at any·. desired bearings9 . have ~en sho'!D although. si!11ilar.' s~r_;.'.·( .· •. . 15 . fluid at any .· .: ~.:" ::<<. utilization point .. Another -embodiment ofthe results are a~tamable with ot'I!er s1mdar~y · · . :='<>= I' . nearest point : ':::;{::! ;/· inv.ention.. in<=orporates the disp~ition /of · arran~ed bodies,. the configuratJ~ and di•· ' .· '"t~'/. · then may be s• ' <> .. ; ::--::• thermal. ~(Jnducti.vc ~odies ·,within as,'wel! as mens1ons of. which meet. the ~meal para"!:·'.' .. ?'.(: ·, teristic diment ; .'/r >,_·: sun:ound1ng. -~ · condu!J to accomm()d~t~ 'IJ~t meters required ~Y the 1}1Ve1;1tlon. Suitable:. .. .. ::·.:<: r , . . average size 1 :: ::\j.' _•2CI , .. p~wer ~e~s1t1es , as h?gh. as 10,0Q(). ~~s:-:per thermally. conductive matenals include. c~~per,_:. 8' {:, :,:: , . f.:. . 20 approximately :•: ://',·\:'' square mdi, for_- ~ppbcattons su<:~, 11s,:fot .. ~- brass, stamless steel carbon steel, ~Juminm!D, '. ;;;"f'. \ . . dimension of :' <,;'.J ·' .· -~mp~e, '. ood~>Jor .furnaces.. \lbe >;high as W~~IJ as any of _tpe synthe~JC pJ~StJCS. : . <,'.f .. ~: , stantiaJJy Jar. ;t·:.·:; ·.•:;:;; effic1enc.i~s-~fised "with t'1e discl~dembOdi~ materials embedded 'Y'th metallic part1cl~s·:· . : ~(; .. : t, ,above one-ha :. ; "·' : ·men ts will,- result in substantial reductiO~· .in' Ferrous or. copper bod!es may be coated· with_: .. ·\'y;:_.:'.1.· . . sion, would \'., ~>space a~~ . ~~~ .¥ ~eat transfer ~~l!Je~, . . . a cop~-sdver eutecut1c solder and the over-:·.-~.'·~ ~:·C ~- .. .. · 25 . sufficiently 01 \!}::) ;' ,:;- . _The ·m~~t1on. will now be .descnbed in all matnx structure may be conglom~ated .bY; .. ~ .. \.>./'·.: ·· . ·.. fact such a JV,/'".:..> more detad,•· by way of example, with re- any .of d!e v.:eil known proeesses. mclud!ng .. · ;'iL::·~,: .... . : . cffi~ient in th1 :f'.·/\·td fe~.n~ .. to·· the accompanying dtaWings : in· brazu?8', s1~termg '?r weldmg. A ~·p brazmg: . ··/::~.·i~< f":_ the other extr1 :.:;:;' ·,/ i.; ··,; which: . . " · . : , '. techmque 1s required for aluminium con-·:··. .-.. :~i~·"·>\/ . . .. ductive bodi< \~~,-:~ .. (;:. ·· F!g. 1· is. a·:·\tertical. crossO:sectional.·~iew:;of ductiv~·members. • . ·:·.:: 9?,J~:.;:-::..1 )~. > .. 30. ·one-sixth of '~;\).;_"y:;.an. dlus~tive cm~od1m~nt o_f ~e,.: 1~yen.tic:m . Achievement of th~ maxunum averag~ size;:_-.:: ;,\hA. ·,.t:;:-'."';, .. violate on o ;J~~:: · \for heating o(a circulatmg·liqu1d·:py,·an;ex-. for the b<><!y !llembers to seal!e an opti~lly'._;" .. :,};~·~fr.:~f'.: ._ .... number callei \'.~T:~~-:i~,;:t~!.jatf:~a~cr::::;d f~~en~~::·~e¥'.'.of:.'. ~f:1;1~ d::~~~~i!eofh:~s~~;~i~n!~i1~=:'.:,'.•.· ·,;;~IB\~(·1·!1~.-;;;;:> . ~~~~~~ti:~~ : -:5;;,:35, 0;:a • portion of · the external matrix ::incltieled . design ·.cr1tcr1.a to be f~llowe~ m the pract1ce·i::lOO;·::<~·,~,'; ;f:: 1. 3s~ deviCe. . 

l':.,,J~il!i~~~~~~~--~~~ ~~~E#.;11:,:_fJ~t' .. :;·r;~r.::~ :'.}. .4,0// ·· fig. :t !s ·a . dia~amm11;tic · represen~tic>n ·of side ~! which another fiuid flo'!S. Through the~:-. :ioS;.·'f·:;,tt:l: · ., : . , '. · b~rr;ier m.atri ;:': '." (', !he pnnc.i~I '·OP!•mum parame~ :of . the~ . ptovJSJ~ of a number of bod1~s 10 ar~nged ,' . ; ·,:/!;~f: l:; '·' . 40 d1rc:cte.~ 1n 1 
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(·.SS >along the line ~9 in Fig s·· ' · :,,.,:,.::," < from the point of thermal contact along a heat· 120··<: '''':''': 1. < ·· · . 
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4·: · · ·. 4 
· for the gas source: ha~~·rio(be?Cn speqfltally· ·, ing ·indiqat.~d by the arrow 84. An optically in .. 'ji'{;~ ; l to . : described, since thcf are rea~ily· c0m#Jei'.cially . dense :(;afri~r matrix structure 85 comprises five. iDC:hes in ·:' ·• available and norirlal techniques incorporating ·a plllra}ity: ,of thennaJiy conductive· spherical in Ien8tiJ was. such means will: be folloWCcl; · . · . mem~. j~_~ed together to define the flow 1us hot · water 5 In F:igs. 8 ~nd 9 t linear array of fluid pa~s for'' 'the heated fluid. The barrier so ga)lons per 70 . conduits 61 is .. embedded' within a barrier .'$~cttu'C 8.S occupies a major portion of the heat transfer · matrix 62 composed of thermally c;0nductivc . ci'b.S&~~iOIJal area of the conduit 78 and the rols inCJudin.,. , : . bodies as havcF hereinbefore been deserib(id; : ; charaCteiistiC;: dimension of this member will !ty regulating An upPer plate'; member .63 supp0rts a ··fiuid\: -~- the inn¢1' diameter of the circular conduit 

1 a ' stl'Ucture· 10: inlet pipe 64 and is. sec:UR:d by· fastening :'.as desip~ ·by the arrow 86 and symbol 5S ::hes,Jt width 75 means 6S to screws 66 embedded in a collar:·. C.D. · . 
>ve~U Ierigth. mem~ 67. The optically dense 1!1atrix<. , ~ sini~lal'. barrier matrix 87 0ccupic:s the heat tr:anSfer. . .... st~cture 62 surrounds th~ )mear condµ1~s :.6,1<: .cross-secti9Dill area of the outer conduit 77. :Present:day. . ' which .are embedd~d therem~ the ends.:oL~~se,'; With the · internal barrier matrix structure ta~ variety I',. ~ndwts and the ml~ 64 &Jl coim.nl11l~~~mg:,;.}8S- occtipyirig only a portion of the overall 60 :ly ·!Wo .feet· 80 with a channel,68 Jn. ~e1~11er s1de . ._<>f:::the-::: length .Of the passage 83 tor. concentration of. ~ feet. ,'I'he , ~U~r mem~er 6.!~ A s1~dat'··~d · lltTil,n~~e~t: ;'.the heated :medium, the heat transfer area : VC.fy COD- . JS dispose~ at ~e opposite end ,9f ~~:~a~,'. ':~ :the !mdium in the respective conduits • the final· ,,. . structu~ 10cJudmg a lower pit1te .~em~,:71\.wilfoecur. ~qbstantially in the region indicated • eX,ceedingly : 20 ~nd .adJacent. collar ~em¥: }O: lllld ~-_:::'by :the bracltet 88. This configuration then 65. also be in.;. .8S ' .·' m~cates Wlth;an ?nner '~nnel·:"6~8:' JD ·iproVidesfor:higher density applications. in. cost .. of ...... collar member ·.70 With whtch' the ad1acent ,, ·. 
rith: pfciseiit . ·' ends of eonduitS; 61 also communicates. A '. · iA.n example of the application of the pre-.ter. heatiiil: . : ·;::fluid outlet pipe'72 is suppc)rted by:the I~r/:: .. viou~ly ·enupierated equation (1) ·in the· '25>:tollar member ;70. The pJa.te':membef;:Jr(/trarisfer of ~eat from an intense heat source . :mb~m~nt.: 90 ' ·:·further has a plurality of passages::73::fQr a::>Dl!!.y:~.~~ted. in the higher power density. 10 · -3 together.. · . '. :, gas-air mixture°'fed into the;. d~ice: 'thre>ti&!i'C e.mb~iniCIJt ~of Fig&. 10 and 11. Utilizing a collectively .. . . .. :; .. · . conduit· .74. TheJgnition mea.ris. f<>;.; me'~+···, direct -~~ source in the passage 83, we :r ·moduJe, · ·, ·:< ''. bustible fuel within the ·cltamb¢':15> if:·/'a~e that:a ·power density of 1000 watts afr blower - · · · :· ;:: 30.'. :Jtimished by ~ spark plug~{(>: ~upPOrlCd. :by\:: pe'r ·11quare .inch of flame area is obtafoed, i.e. J7 jo . .feed;:. 95 : .} >"the upper plate member 6k: •. ·· ·.· :: .,. ··: .. J{O.SXlO' BJU/sq.ft./hour, and yet silver 75 .. :Qmbustion · · .: .. Figs. 10 and'.:11 are directed~t0.:an·:em:.::;:·braied cop~ members may be employed.· 1rovide. an.> · . ..+: '~ · bodiment for ver}' high power deriSity.appJica:.;;:/ AdditionaJly{ it is assumed that a desired 100 watts:,:'. '''Pt ,::;. tions. In such Cmbodiments ¢oriduits 7.7;. and:< temperature ~se of the heated medium of 

1aey·. :cbe····o·· n······d
8 
.. un,· \Y·t., .•. :.:;-

100 
. , < >'35. :> 78 are disp0.sed · a~t a coriljrion; ~is.\ !he'<' lOOQ, de~ Fahrenh.e~t is specified. Copper' 

80 
... · · . outer condwt 07·7. JS closed W' : gmdu~1V¢';··. has a the~l conductlVlty value Qf about 200 . ·ank type, · .. . ./ .._: plates 79 ·and SQ at opposirig tjufs,:An:;:in1et:(BTII/.!ic>tif/(t/°F. In the final structure we .. ve 54 and. , .. · ·:, -<:'pipe · 81 provides· for the ingress'.of.·:a/fluid ;-:· , assu,me that.: a lower conductivity will be r-.Sl{AnY< ·:_.;....... .-=~- .. (-inediwn and art·j>Utlet pipe·:.:-~2~.:;~prcmdCs··'for)~~-rei:.li~4 c;(~·-.-~o the brazed joi~ts and optical •e variety" ·. : .· ·. ·. ' .. f;.:AO/, the egress of the medium. iii the· va,p6uiised\ '.density of: th~ thermal paths. A conductivity :· . · ··· The vent 105· <· . '.\} {:: or heateif.state. The inner conduit: 7~. is ~n:;: ,fact~l'.: Of;~Q·i per cent; i.e. a ~ductiv~ty of,; 8?,,, .. t transfer .. ·:··. ;'-';;,.; ... ''.':.at·the.aids for, the .fiow of:a:heatei;l. fiu1d<·:10Q::BTU/.hour/ft./°F, then wlll proVJde a;' i .... '_. 

~:;~- / ·• ~)1~~w.;~mJ;ifi'~~T~"=·~~~~:~~-: ~b,~t···.~.e~ty:pe4 .. t.·,:.:.•::·.,·:.{1···.'.···!~.·:' .. ··... .;. : ... ',: .. '..; __ ·.: .. dft.·. :.'I·.· ··~· .. '·, .;,,.'. , .•. :::·: , lO<)>(lO(f'':: ...... ,, . ·-.: .. :·; . <.:'·'. ~'·"·; . . , ··:· , ,.,.. .. 

- in -- - -· ~·- • - j'L- os~i~:_s~~J~~~ ,1/4 - , -- -.. ~·-~-:'. ~ -. · .... 
~0;;::; :1.~~- .. ·.:·_. /, .. The characterisdc ·dimension will :t:hen be\<:p.5sage(~ may be filled with other con- .. 10s. · . .. . th · · ··· · · · :':. .. '{ tW:ice the heat path value or 1/2 'inch. >A ·. ·ductive members which need not meet these · : \totem~:;./ .:·; ;_> .!.~·: '' ~-': :thermaJJy_ conductjve body average size of be;. : saine critical:r~uirements. Hence, in applica:. , · · · b <' .<'. . . / tiVeen one-qua~ei: ~nd o~e:..tweJfth Of. an: i?tch :ti<>DS-.'.!bere ;s~m· is g~erated and in con- : ~ptr·r.~. gn:t. •.:·:· .... ' l.··:.:··.·20_· •. · ·.,·'··.·.·.·;: .. ·.· · · .. · .· :· . 95 ·: ·the~or~ .. ~s. 1ndica~ for. , :.th~; ... requ11cd :· d~nsa~on . ~e,yices ~articles such . as mesh, .,. ....... -. .,,'. .. · . opt~um optical ~enSJty. A one.:~rd:.~alue,.or .: :'W~res, sha\llll~S, !=Ultmgs hnd. the like can be , 110· : com-.::· /\\' .. ,,,;. ~e-s1xth of. an ~nch foi: th.e~~l;-1><>4y:s~ .einpl~,·as·~nd1cated. collectively \1 num~ral , 
Uiliq·ue· .·,. : \~.;:-;. . "· ·)1s.fr.refe:J/. m1f~.s~;>l!cati~~(;·;j~ ; .. :~ih~u;~''.~~':ili:~l fp~d~ ;;:ct::-,- : .. ::_ '< 

lrm·.~se .. ,·.d··.·.,··1·.·o~Yr~:.:,:.··:·:.··l: .• ·· .... 2',·· .... ' .... 1111.···-.···.~:··,:~·.;·~.· .... ::···: .... ~.:-.. · · -<;: 1oo···iUustrated. A helical condwt havtng;<ia,. ,~d~:appljca~on of the 1nventton in mdustry. · 
111111 

, .. · ··· ... . ~--- };;:(y;plurality Of.~- 90 is embedded within>a >: ~~:'/~~Vin,ta~s .of ,compactness ancl ~ . ,. · '· ·:: .. ·· x.:;;: .. ·,·;: ·matrix 91 of ·the external type. If we pre)- :~~;of:tlte disclosed thennal transfer de- • ... ,; r···h ·.. / .•..• ,~:::.~'·.:.~::i;:vic(e - ~ 4esign c:rlteria for~ .inatriX : ·vi¥··in:.m.c~sion of ~y improved po~r .' *';,'31,f,'. ''cibOdi<o ~ ~-~, :~,~- ~)~~:~dense malriX.:. 
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1,246,SSI 6· 
structure will .~owbc 11pparent to those skilled heat. transfer rate bet\veen the second in the' art from. this .d~scription .. 'fbc design mcdiuni and the soiid structure exceeds 100 criteria of the m,unbcr ,Of bonded joirits along · -Watrs? per. square inch of the surface area of . 60 the heat< j:>ath and the average size of· the the. pas5ageway for the first medium. <5 thermally eqilductivc . bodies in 'relation to 5; A heat exch11nge stri.zctiJre according to the cha.racteristic d.imerision to proVide the claim.· .4; "wherein the said means are con­dcsir~d optic~I density have been> :carefully sttuC:ted .·ro. provide and .. ·direct the •second · enumerated. The. f9(Cgoin_g discussion and niediu#i' Jlow at .such a velocity and tern- 65 ·exemplary applicafiori :of the equatfori-w.iU also . pcra.tui'¢::differential 'with: respect to the solid io assist in the practice of :the inventfon. Jn: addi- sfrucrure ·that the said .heat transfer rate ex­tion to thc:cxcmplaty embodiments numerous cecds lOOO;watts per sqtiare inch of the said other cqilfigura~foris >will :be eviderit;for other surface area:·: .••...• applicati0ns; For example, the thennally ·con.. ·();.~ hcat.:'exchange sttilcture according to 70 ductive bodies' in contact with the·outennost qaim 4 or' 5, whe~in t_he said means for ,"is wall surfaces of circular conduits shown in providillg :·~rid directing ·comprise means for ·. ·.· : : . Figs, 1 and "8 ·may be eliminated, thereqy ex.. generating t~e second medium as the products posing this portion of the boundarydQterface of combtisticin of a foe!. ·· · conduit walls. The heat transfer pat.hs within : / 7: .A heat exchange structure .according to 75 · the matriX bc:nveen the: spaced conduit mem"' daim 1; 2'. ·or 3, arid ~il)C::luding a burner · 20 bers wo1.dd still be' defined iri accordari.ce with arranged to .supply ·the ~d medium as the this irtvc:hiiori lJy the 0 thermally condud:iV:e · produ~ ·of combustion of an air-gas mixture bodies: in the .fluid flow: path •. · ..•. ,, .. . mixed.befQre reach~ng~ili.e matrix of bodies. It will bC ne>ted that)n Fig. 10 thelength ,:: -8. A: heat exchaMe structure according to 80 of the 11ow path through the matrix SS .is ,a \ daim 7,. wherein the b_tirner comprises a com-. 2S little less than twice .the characteristic duneri- · 'bUstion, chamber surrounded by the matrix sion 86~ ln other embOdime.tits the Jlow path . of ,bocfies. ·. >. > . · is even smaller in relation to the charactCristic . 9 •. A heat exchange structure according to dimension. .· · · · . · . , any_:of:clllims 1 to 8, wherein the matrix is SS ·: > .·•. • • •· ··: :fonned :within a conduit around which the . . , > < . .··. .. . . · j said passageway is provided and wherein the . WHAT .~E CLAIM IS:_..;; . · .: ,_::<. i average :Jength of the ·:flow paths is less than 

. ! 

' 

30 . 1. A heat exchange &:fracture for ttaiisfcr;. ': twiee the· characteristic transverse dimension ring heat between first and second fluid. media ; of the conduit:> .• ••.. . . 90 ; through a thermally conductive solid sttill'.:ture · · JO. A heat exchange sJructure according to l which incorporates a paSSa.geway for. fh~·firstc : II.hf of·d~ims• l to 8, ·wherein the said pass- t medium and a plurality of flow patJisifor the : : ageway comprises a plurality of spaced por- i 35 second medillrtl, which paths .are defined be:-:·. • tions embedded in the matI:ix and wherein the !. tween · a plurality of layers of bodies form,.i: · 'avc:rage. length of the fl,ow paths is less than 9S ;. ing a n:iatrix and whose)tirfaces, whichfomi•: :twiee the characteristic' transverse dimension ~ · . the elemeritaJ surface areas of the flow paths~:;: ibet\.veen ·the_.sa:id spaced portion~. · I" · .·· are predominantly conveli:ly• curved fa all ; 11. Aheat~exi.:hanged structure according to. 1 
40 directions, wherein ·,the · a\reragc length of the. · ·any of daillis) ·to 8 ·or claim 10, wherein the } :,,, .. flow paths is riot greater than 15 times the> 'said passagcWay co.m~ises a plurality of . 100 . av~rage radius of curvature ·of the Sa.id ele.:. · tubular channels through the matrix. I ·mental sutj'ace areas. . .. ·.. . : ... · '· · · 12. A ~eat exchange s~cture !lccordi_ng to .... I . ~· A heat e~change ~~ructu~ accorcl~ng to . an.Y, of c1a1ms. l to 8, or .claim 10,· _wherein the ~--4S claim 1, \Vherem the said bodies are spherc:s,. ilaJcJ, passagt:vvay compnses, a helical tubular l ~· A heat ex~hange sttu~ure ac~din~-.·~o , chariiieithro1Jgh the matrix. .. . IOS-· f claim 1, wherein the matrix comprises ·not ·· : ·13~ A heat .exchan~ structure according to \ · more than seven layers . of substantially . daim 11 or 12, · wherein: .the matrix surrounds t spherical bodies . in thC: • direction of fiow of• :< ~ central •· .. plenum· ftoni · which the second • ; so· th~ second medium ~eiethrough. . . . /ritedium "fJi>ws out . substantially radi.a1ly; t ·· ·4, A heat cxcllange structure according to~ through the said flow paths. , · · 110 ! .. • claim· 1, 2 J>t 3", arid including heat source:) ; 14. A heat exchan~ strlictiJre according to ·. , · : ~eans.and f>Jo~ f11eans _constructed to pro-<: any of claims l ·to 13, wherein the layers of --~ l 

7 

·. vided and direct ·~ ,tl~w of the second.· ::bodies are bonded to each· ·other· and to at ... 55 · medium to and thr6ugh· the 11ow paths ar: ·:J~st one tubutar d$ent definmg the said '. t · · such a veJoci~ artd temperature differential·- .. passageway to form 8.i rigid. matrix structure. · 115 l with respect to the· S<!lid ~cture·: tha~Jhe:·.' :·' 15. A heat exchan~·stJ,'tl¢tiite substantially i . ~ .".: ' :: .·' ·;· ;_ ·,,,\;/:''.. '. :·'./',:-;;<,.'.\';;,'..:.- : : ; > .. < ' . . =~ ..... : '· . . . ' . '~i: ... •··.· ! . '; ~ · .... ·:··!•·':.-·'.:.:·_:!~ ._ .... : .. :~·.·:.::,;-. !.•· ·;·~:;:~:~:·\~\··.:~-/~~ .. ~··~·>:. '."'-'" ',·• ·.· ···: .~.-:· : ~ . · -. . ~: :·:.~s .. -.... : ... J.:_.:·~:.-. :_;-~~--\: .. :.? :-~\~· ... _ ·-~."..:-."/: .:_::/ .. --~~::·-~: . .-;:.-::· ... · .. · i= ::· , ... · ·.: .,. · · ~.:·•;r.:-:·<·.-.-_~;:~-;~_-::;: ;;~~{:·.'.:~; .. :;·;':.·~:.:-~:;,_::·.,:.~·.· . :><:. . . -~ :_., ... _.;.· .. ·:;~:."-<>' .":'.:/. ·;_:' I"·;· 
......... :: 

.. :·-::_;.·.::.··.::·:·· .. .:.:.·'. .:~' :.:· . . . ··.· .. 
·.. (:' ~- : ; .... 
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.. ·:. ··~ . ..... 
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struc~ ·\Vin .~'ow be apparent to:tbose skilled heat transfer. rate between the second in_. ~e.' art fro°' this descripti9Ji;: The design medium and the solid structure exceeds 100 . critetja of the ia,Qmber of bondeddoints along watts per square ind:J;.of,. the surface area of . 60 the heat path,' ·and. the average ·si~c· of the the passageway for the' .first medium. ! thermally ·conductive bodies ··in ' . ..Clation to. ~. A heat exchange structure according to i .the characteristic dimension. tc) ':provide the claim 4,· wherein the .said means are con- ·! desired opticiil density have·:·b~n· ~carefully structed to. provide and direct the •second i enumera,ted .. :The foregoing distj.J~ion and medium .flow at such. a velocity and 'tem- 65 l ·exemplary. applicatfon o.f the eqmition will also . perature differential with respect to the solid .. . ·l: .. 
10. assist. ·iii 'the practice of ·the invciltiQn; In addi- structure that the said !,eat transfer rate ex­tion Jo: the :exemplary embodiments numerous ceeds. 1000 watts per sq'uare inch of the said other cc:1nfiguratfons will be. cvidcnt.\for other surface area. ' •· · applkatioos. · F<>r example, the the~lly con- . 6. A heat exchange_ SU"Ucture according· to 70 ductive ·.bodies Jn coritact with•. the :Outermost claim 4 or 5, where;iil •' the said= means for IS wall surf a&s of circular condtilis'.· shown in providing and direc:;ting ~comprise. means for Figs;. f lnid·$::m'ay be climiiiaic:d,~tbereby ex- generating the second'medium as the products p()sing this ponion of the boundafy: interface of combustion of a fuel. conduit walls. The heat transfer paths within 7. A heat exchange structure. according to· 75. the matrix benveen the spaced conduit mem- claim 1; 2 or 3, and ·including a burner 20 bers would :still l}c' defined in :accotdatV:e with . arranged to supply the s¢cond mediwn as the this invehdori. ~ the thermaliy .;:¢0nductive . products of combustion qf an air-gas mixture. bodies in theJl1,1id flow path>; . < ,_.mixed before reaching the matrix of bodies. It will be noted ·that in.Fig~·JO. the'. length · 3. A heat exchange ~ructure according to• 80 of the ·Bow :path through the-i.lnatrix., 85 is a< claim 7, wherein the bunter comprises a com-' · little less than::ctwice the characteristic:dimen-, bustioii chamber s~ded by the matrix sion 86~ In.other embodimerlts •. ~_:ftc:1w path of bodies. · · ·; is·even iinaller in relation tO· the chafaeteristic; 9. A heat exchange ~cture according 'to; 

~- . 
i 

· dimension. >-;'.; · •· · .__ · ariy. of claims 1 to 8, wherein the matrix is 85 '· · formed within a conduit around which the: ' · · said passageway is proviqcd and wherein the · , l .. WHAT WE CLAIM IS : ...;.,.; :· .. , ., · average length of the ·flo"W paths is less than ~ , :·· 30 . 1. A ,.heat exchange structure : for; 'tf'.ansf er- !: • twiC'e the characteristic · transverse dimension ~-' •. ring hel(t: betwe:en· tirst and seamd ft'(lld media·, . of the conduit. . . . 90 f:. th1".>ugh a •the"11aJ1y conductive, ·~uct,• ~fructure ; 10. A heat exchange structure according to which· in~orpo~~.tcs a pissage~y ;for·~ ~e first=· any of claims l to 8, w.b~rejn the said pass-·· _:~· ~~ .. · · medium and a; plurality of fiow.':paths for the '- ageway comprises a plt1tality of spaced por- .. · .35 sec_ond mediiun, which paths a~e:d~D:cd be:-"; tions embedded in the ma~ix and wherein the;: tweed· a ·plurality of layers of b0di¢s: fonn--: average length, of the· tlow. paths is less ·than : ~S ing a D;lilfriX.,ar.id· whose surfa~l;.whicfr form·: twice the characteristic_: ·.transverse dimension ;, 

7 

the elementaLsurface a.reas of ~tJie ftow;paths,fi ·between· the said. spaced. 1'9rtions. "' ': '· are predc)ininaiitly convexly: ; eurvecl.-"; in all'' 11. A heat exchanged sttucture according to ; . ' ' "4o · directions;>whCiein ·.the . averag¢;;Jength :of the ' any of claims 1 to 8 or cliim 1 O, wherein the :. 1lo~·paths· i~ ne>t. greater than JS:;tiines"the, said passageway coinpri$¢S a plurality of.: 100 
...•

. ·.·.j·:·~--.·\·,·." :.·.'_.·_ ... av~rage t;adius _of curvature of:the Sai<J~·ele-.i. tubular channels through'~e matrix. . . '• . mental surfa~ areas. . · • ( ;, 12. A heat exchange. sttl;:lcture according to, ::·1, ·<-..·' •\,. ~ .... ~ : ~· A heat ~change· ~tructu~ -~¢Co~~ing to anY, of claims 1 to 8, or.cla;iin 10; )Vherein the .. _ .. _,_·.:_ •. :_:_:···_._:i_· __ ~---.·_:,~_:_: .... ',;.:_:_ .. ·_:_· .... · .. "£ll' ..... ·,· claim 1, wherem the said bodi~s:a~:spheres. said passageway compnses a hebcal tubular 
:- . 3. A heat. exc:)Jange sttuctunr#tj>tding to : channel through the matrix~ JOS:<: · . :·:':,:.>/ claim. 1, where~ll the matrix ~ctln.lprises not.. 13. A heat exchange sti'pcture according to > more tha~ •,sev¢n layers of,sUbStantially' claim 11 or 12, wherein the matrix surrounds ·, , .. , , .. : .. , .spherical bOdres:Jn the directiori~of· flow· ,of., a central plenum from:, which the sec(llld 1 . 50 · ' the;. -second: Jlle4ium: therethrougb. <· :· "'. · · '. { medium . fiQWs out ·Jiubstantially radi~lly ·, · . ' ·~. ·. ·· · 4. A Ma.t ~~ange s~ctur~::;accordmg· ".to.}; through ·the said ftow pli,ths:·: . . · : · 110 '.-,, :.; claim 1; 2·,c:1r'3, :and includiiJg/~eat.source:-: 14. A heatexcha~ge:s~e according to"'. · :' ··_·: Jl!edands.aandnd~~~-~~~"con~f;_.th•~·t~·prod":' any.of claims l~to)31,;!lierein th:e layers of~_; :·c.: ... ,· ... -..::. VI e . . ,uu-t ••. ·.uow. _() ~·. e;. sccon .. bodies are bonded to eaeh other and to at ·· ·; 55' ·medium .'~.··and .:Jhi6ugh':the>:"#9'W?'Piltb.~; at';. least· one tubular :etem~D'1:c;;:ddinirig the said-''. · . ,: .. · · · SJJch •a ·vel0Cif¥ · and.. ·iem~tttte· '.dift'eteJitial < passageway to "form a' rilid; matrix ·Structure. :·115' " · · , . With'.~ to 'thcfSQJic!"'sh'u" . ·e·'~i~:~·--.: :IS.:AJ1eat ex~ ·15frUcture substantial .· .. 
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REDDIB & GROSE, 
.. Agents for the Applicants, 
:_._. · 6~ :'·Bream's Buildings, 
. LOildOn F.C4A HIN. 
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